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ABSTRACT

Worldwide, the design of a workstation in many garment industries is usually done with
minimal consideration of anthropometric data. This may cause hazards and reduce work
efficiency as a result of sitting for long periods of time in uncomfortable positions.
Ergonomically redesigned workstations are known to reduce Musculoskeletal
Disorders (MSDs) and improve the motivation of the garment workers in the
workstation environment. The main objective of this study was to redesign an
ergonomic sewing workstations for garment manufacturing using selected
anthropometric data collected at Rivatex East Africa Limited (REAL), Eldoret, Kenya.
The specific objectives were: to assess work-related risks and hazards for garments-
making workers at sewing workstations; to determine the relevant anthropometric
dimensions from garments-making workers for a sewing workstation; to redesign a
sewing workstation for garments-making workers; to simulate the redesigned sewing
workstation; to optimize the redesigned workstation for garments-making workers at
sewing operations; and to fabricate the redesigned sewing workstation. Rapid Entire
Body Analysis (REBA) method was used to assess the ergonomic risk of the existing
workstation. The sample size of 100 was determined. Eleven anthropometric
measurements were taken from workers using 1SO 7250-1:2017 and compared using
one-way analysis of variance (ANOVA). Using the anthropometric data, a redesigned
sewing workstation model was proposed. The model was analyzed using Computer
Aided Three-Dimensional Interactive Application (CATIA V5) software based on
Rapid Upper Limb Analysis (RULA). The model was simulated using SolidWorks
2024 software based on Finite Element Analysis (FEA). Aluminum alloy 1060 was
selected for FEA. The FEA criteria included: stress, displacement, strain and Factor of
Safety (FOS). The model was optimised using design study. The model was then
fabricated in accordance with the necessary manufacturing process. ANOVA tests
results failed to reject the null hypothesis in the data sets (P > 0.05), thus, there was no
significant difference between the anthropometric data. The recommended dimensions
for workstations are redesigned, significantly reducing the mismatches between
workstation dimensions to the relevant body dimensions. Analysis results of the
workers' posture for the existing sewing workstation had a final REBA score of 5,
implying existence of medium ergonomic risk, hence, changes were necessary. The
proposed sewing workstation had a final RULA score of 1, meaning that the ergonomic
risk is negligible. The FEA results showed that the maximum stress was 7.175E-01
MPa and did not exceed the yield strength; the maximum deformation was 0.03209
mm, which was below the assigned safety level; the maximum strain was 6.258E-06
and within the range for the material, and the minimum FOS distribution was 3
implying that the model was within the safety range limits. The optimisation results
showed that the optimal dimension of the model was 416.5 mm for seat height, 457 mm
for seat depth and 472.8 mm for seat width; the optimal stress of the model was
2.662E+01 MPa; and the optimal mass of the model was 19865.24 g. In conclusion, the
dimensions of the redesigned sewing workstation was recommended. The proposed
redesigned workstation should be suitable for all garment workers in Kenya.
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TERMS AND DEFINITION

For this thesis, the following terms and definitions are applicable:

Anthropometry:

Biomechanics:

End-user:

Ergonomics:

dimensions of the human body and how these are
measured. It covers the size and proportions of
people, the length and range of movement of their
limbs, head and trunk.

The application of physics to the analysis of body
posture and human movement. It deals with the levers
and arches of the skeletal system and the forces
applied to them by the muscles and gravity.

A person who uses a product rather than one who
makes or sells, especially a person who uses a product
connected with computers.

The study of working conditions, specifically the
design of equipment and workstation furniture, to

help people, work more professionally.

Occupational ergonomics: Ergonomics is applied at work to the design of the

Fatigue:

Harm:
Hazard:

Injury:

workstation,  equipment, tasks and  work
organisations.

A state of impairment that can include physical and
mental elements, associated with lowered alertness
and reduced performance.

Physical injury or damage to the health.

Potential source of harm.

Damage to the body caused by exposure to a hazard.
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Risk:

Risk analysis:

Combination of the probability of occurrence of harm
and the severity of that harm.
Combination of the specification of work/task

description, hazard identification and risk estimation.

Musculoskeletal disorders: They are conditions that affect the body’s muscles,

Risk assessment:

Risk estimation:

Risk evaluation:

Standards:

Von Mises stress:

Work space:

joints, ligaments, and nerves.

The process used to determine the likelihood of
people being exposed to injury, illness or disease in
any situation identified during the hazard
identification process; and, the severity of the illness,
injury or disease.

Defining the likely severity of harm and probability
of its occurrence.

Judgment on the basic of successive risk analysis of
whether the risk reduction objectives have been
achieved.

These are issued by the standard setting body in each
country and provide guidelines relating to the design,
operation and maintenance of equipment and systems.
All standards have a specific number and date.

It is a number that gives an overall idea about the state
of stresses at location.

It is the volume of space allocated to one or more

persons in the work system to complete a work task.
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Workstation: It is a place where the workers perform their tasks
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CHAPTER ONE: INTRODUCTION
1.0 Introduction
This first chapter of the current thesis provides the general background information for
this study. It also outlines the research problem, justification the study, and details the
research objectives and scope. Following this, the purpose and significance of the study

are presented.

1.1 Background of the Study

Worldwide, the design of workstations in many garment industries is often done with
minimal consideration. This oversight can lead to hazards and decreased work
efficiency due to prolonged periods of sitting in uncomfortable positions.
Ergonomically redesigned workstations are known to reduce musculoskeletal disorders
(MSDs) and enhance the motivation of garment workers in their work environment.
The main objective of this study was to redesign ergonomic workstations for garment
manufacturing using selected anthropometric data collected at Rivets East Africa
Limited (REAL). The REAL factory is a vertically integrated textile plant,
encompassing spinning, weaving, wet processing, and garment operations. This factory
is located in Eldoret, Uasin Gishu County, Kenya (Musau, 2018 and East & Limited,

2020). See Appendix | for the research area map.

In many developing countries, export-led industrial expansion has been ignited,
particularly through the garment industry (Natsuda et al., 2010). The garment sector
plays a crucial role in the economic development processes of these nations (Kaya,
2015). The early industrialisation of both industrialised and developing nations was
characterised by the garment and textile industries, which required only a modest

degree of production technology and a sufficient amount of inexpensive labor (Yang &



Zhong, 1998 and Wang et al., 2010). The garment sector, primarily composed of small
and medium-sized enterprises (SME), is one that demands a significant amount of
manual labor. Further, the occupational health and safety programs in developing
countries typically focus on large-scale organisations (Ahmad et al., 2021). The most
frequent occupational health risk among workers is musculoskeletal pain (MSP), and it
is unclear what drives their health-seeking behavior (Akinpelu et al., 2016). Likewise,
the most common issue is that nearly every worker experiences musculoskeletal
complaints due to non-adjustable and non-ergonomic work desks and chairs (Kaya,
2015; Lindh et al., 1991). According to Zeynep et al., (2019), work-related
musculoskeletal disorders (WRMSDs) are among the most prevalent health issues
affecting workers at their workstations. Operators of sewing machines in the fashion
industry are exposed to dangers and discomfort that accumulate over time (Okareh et
al., 2021). Moreover, the majority of clothing manufacturing still occurs in cramped,
unfriendly environments where little attention is paid to the layout and conditions of

the workstation, putting workers at risk (Sohn et al., 2021).

According to Herbert et al., (2001), thirty-six (36) garment workers involved in the
spooling process were examined to assess the impact of an ergonomics intervention
program on the frequency and severity of upper extremity symptoms. Additionally,
hazardous technologies have been introduced into the industry, resulting in a high
accident rate, occupational diseases, and unpleasant working conditions (Malik et al.,
2010). Research by Ansari et al., (2014) indicates that most small-scale manufacturing
is still performed manually, and the issues of WRMSDs and injuries in various body
sites are of utmost priority. In the garment industry, for instance, many sewing machine
workers are subjected to conditions that jeopardise their health atting. Previous research

by Patil et al., (2017) indicates that workers operating machines face a significantly



higher risk of muscle pain and injury compared to those in other occupations. Research
by the mendeley support team & shih, (2010) noted that uncomfortable body positions
of sewing machine operators can lead to an increase in MSDs complaints, which in turn

affects operators’ productivity.

Research by many scholars, including Biadgo et al., (2021); Norhidayah et al., (2016);
Okareh et al., (2021); Parimalam et al., (2006) has observed that poorly designed
workstations, inappropriate workstation furniture, inadequate ventilation, poor lighting,
excessive noise, and insufficient protection from hazardous chemicals, dust, and poor
housekeeping, along with a lack of personal protective equipment (PPE), are just a few
examples of these hazards. These factors can increase workers' vulnerability to pain and
occupational diseases. Given the rising proportion of manual activities in production
processes, there is a persistent risk of MSDs and work-related injuries. Consequently,
the risk of these issues is heightened by the trend toward an aging workforce (Greggi
etal., 2024). Ergonomics is the study of the interaction between humans and machines, as well

as the factors influencing this interaction. It is a broad science encompassing various working
conditions that impact workers’ comfort and health. Therefore, it examines humans in relation
to their work environment. Ergonomics primarily focuses on individuals and their interactions
with products, equipment, facilities, and the environments utilized in workplaces. European
legislation is advocating for enhanced working conditions to mitigate health risks for workers,

which are often linked to the ergonomic design of workstations (Tee et al., 2017).

According to Caputo et al., (2006), the goal of industry is to apply ergonomic criteria
to minimize accidents at the workstation and enhance productivity. Additionally, there
are various methods for incorporating ergonomics into workstation design using
anthropometric measurements. Research by Mousumi, (2015) indicates that the term

“anthropometry” encompasses different types of measurements that accurately describe



the human form. Furthermore, anthropometry is the science of measuring the human
body, which helps to elucidate the complexities of the human form and its interaction
with the work environment (Igbokwe et al., 2019). Further, an anthropometric
measurement involves the collection of physical characteristics of the human body that are
relevant to ergonomic design, clothing size, physical anthropology, tool redesign, consumer
product design, and equipment, among other fields (Fahad & Althuwaini, 2025). These

characteristics include size, body shape, strength in both dynamic and static conditions, and the
capacity to perform tasks. When anthropometric measurements are considered for design, they
help reduce low back pain, improve comfort levels, decrease MSDs, enhance productivity, and

increase user performance as well (Mahantesh et al., 2023).

For designing any product, engineers must rely on scientific anthropometric data to
create spaces that accommodate the largest number of people. Otherwise, the result may
be a non-ergonomically designed product. This can also lead to biomechanical stresses
and increase the risk of cumulative trauma and carpal tunnel syndrome for workers.
Research by Mousumi, (2015) recommended that for the design and implementation
of safe tools, it is essential to utilize anthropometric data that can impact job
performance quality and productivity, as well as the safety and health of workers. To
minimize poor anthropometric correspondence between the workstation product and
users, the designer and engineer must use validated, accurate, and updated
anthropometric measurements (Leilanie, 2004). Additionally, to enhance usability and
reduce negative effects on the user, creating a work environment that is more
comfortable, safe, and friendly enables higher performance and fosters a productive

working atmosphere (Del, 2007).

All products, including clothing, consumer goods, and systems of products such as

office workstations, vehicles, and PPE, need to be tailored to users to enhance product



usage throughout a person’s lifetime (Nadadur & Parkinson, 2013). According to
Eladly et al., (2020), in the case of ergonomic design for workstations, it is crucial to
achieve a balance between the workstation’s dimensions and the worker’s
anthropometric measurements to reflect the man-machine relationship. Therefore, this
study aims to establish anthropometric data for garment workers at the sewing

workstation to improve their physical responses and overall performance.

1.2 Statement of the Problem

As the global workstation environment becomes increasingly dynamic, organizations
and businesses are compelled to continuously seek the best strategies for planning and
managing innovation through new methods and paradigms that effectively cater to both
new and existing markets with innovative products and services (Koirala, 2022).
Kinnunen & Liira, (2014) noted that working conditions are influenced by globalization
and changes in the work environment due to new technologies and practices. Attwood
et al., (2003) discussed that work-related injuries, such as back injuries and carpal
tunnel syndrome, are the most prevalent, costly, and preventable workstation injuries.
The Occupational Safety and Health Administration (OSHA) estimates that over

647,000 workdays are lost annually (Ankara, 2022; Dergisi & Sciences, 2014a).

In developed countries, ergonomics is applied across various fields, including health
care, education, the service sector, agriculture, industry, and production (Kinnunen &
Liira, 2014; Lundgren et al., 2013; Patil et al., 2017; Eugene, 2017; Li et al., 2019).
However, developing countries still lag significantly in implementing ergonomic
principles in the workplace (Jilcha & Kitaw, 2016). Previous study by Shah et al.,
(2016) have shown that the garment manufacturing industry is highly labor-intensive,

particularly in developing nations. Often, workers must operate under adverse



conditions, typically enduring long hours with only one lunch break during the day.
These laborers are seldom provided with suitable workstations, and inadequate social
infrastructure further increases the risk of discomfort and illness. Kahare, (2014) notes
that many researchers in Kenya have, over the years, demonstrated little interest in the
subject of ergonomic principles. In a developing country like Kenya, sewing garment
manufacturing plays an important role in overall economic development (Gok, 2015;
Musau, 2018). It is essential to consider the measurement of human body dimensions
for workers to decrease physical workload, enhance performance efficacy, and improve

health conditions as well (Manivel, 2019; Hsue et al., 2025).

Many researchers, such as Nadadur & Parkinson, (2013); Halpern & Dawson, (1997)
and; Li et al., (1995), have shown that the repetitive nature of sewing tasks performed
in uncomfortable postures, due to inappropriately designed tools, may be a risk factor
contributing to the significant incidence of MSDs in the sewing industry. Sealetsa &
Thatcher, (2011) found that the design of the sewing machine and workstation layout,
despite being adjustable, did not align with the anthropometric measurements of the
workers. Consequently, the operators were unable to make appropriate adjustments to
the workstation during their work activities. An existing work by Kalinkara et al.,
(2011) showed that over 55.5% of workers face issues stemming from their working
environment and equipment. Previous research by Talapatra & Mohsin, (2020)
confirmed that the workstation in garment manufacturing is associated with various
risks and hazards that negatively impact both worker health and the environment.
Consequently, ergonomic evaluations often occur after physical models have been
developed and typically take place late in the design phase (Soana et al., 2025). This is
due to the low priority given to meeting established ergonomic standards, which can

lead to costly and time-consuming revisions and/or a decline in the quality of the final



product. Integrating ergonomic principles into workstation design for garment

manufacturing could represent a significant advancement.

The workstation layout is a significant factor contributing to movement instability when
transferring parts and/or products that workers may hold, lift, pull, or push.
Furthermore, workers in the garment industry engage in sewing services due to the
nature of their job, and the poor design of physical workstations has likely led to
physical complaints and health-related issues (Mousumi, 2015). Ergonomic principles
are not well recognized among companies, and their importance is not widely
disseminated. Additionally, implementing ergonomic improvements is part of a
company's strategy to integrate health and safety with ergonomic principles in
workstation design. Thus, combining anthropometric data with ergonomic principles
can enhance work pace, workload, and overall efficiency. This may positively impact
well-being and safety while empowering workers by providing better conditions,

simplifying processes, and equipping them with the tools to make a difference.

The design of workstations in the garment industry often lacks sufficient consideration
of anthropometric data. There exists a mismatch between workstation dimensions and
workers' anthropometric characteristics. This can lead to hazards and negatively impact
working efficiency due to prolonged sitting in awkward positions. Ergonomically
designed workstations are known to reduce hazards and enhance the mindfulness and
attentiveness of workers in the workstation environment. This study focused on the
ergonomic redesign of workstations to bridge the gaps between sewing workstation
dimensions and workers' anthropometric measurements, aiming to improve both

worker performance and well-being.



1.3 Justification of the Study

To be effective and efficient, the garment industry needs to continuously identify work-
related problems and, more importantly, implement solutions to reduce WRMSD in
situations where these issues arise. Additionally, ergonomic research on workstation

design aims to enhance work performance (both in quality and quantity) (Of, Alberta,

2021) to:

10.

11.

12.

13.

14.

Minimize the physical stress and workload of the individual worker;

Reduce hazards by modifying the design of the work environment to align with

the abilities of the workers;

Facilitate job performance, i.e., ensuring seamless information exchange within

the workstation environment;

Minimize physical constraints;

Ensure occupational health and safety (OHS);

Achieve user-friendly workstation design;

Enhance worker performance and satisfaction;

Reduce long-term discomfort in workers;

Improve the production process;

Refine the design of the workstation to promote physical health;
Alternate between sitting and standing postures while performing a job;
Boost workers' performance and the productivity index in workstations;
Decrease Work-Related Musculoskeletal Disorders (WRMSDs);

Enhance overall productivity.



This study aims to enhance the human-machine interface for garment-making workers
and their workstation environment. This will lead to significant improvements in work
conditions and ergonomic practices that focus on reducing work stress, health issues,
and applying ergonomic principles. The findings of this study should contribute to a
better understanding of the working conditions associated with sewing activities in the
garment manufacturing industry. These insights could aid in designing ergonomic
integrations that minimize miscalculated symptoms for garment workers and enhance

job quality, ultimately boosting work productivity as well.

1.4 Objectives of the Study

Basically, the present study was conducted by the following objectives:

1.4.1 Main Objective
The main objective of the study was to redesign an ergonomic sewing workstations for
garments manufacturing based on the selected anthropometric data at REAL, Eldoret,

Kenya.

1.4.2 Specific Objectives

The lists of the specific objectives that need to be achieved for the successful

achievement of this present research were to:

1. Assess work related risks and hazards for garments-making workers at sewing
workstation.

2. Determine the relevant anthropometric dimensions from garments-making workers
at sewing workstation.

3. Redesign a workstation for garments-making workers at sewing operations.

4. Simulate the redesign of workstation for garments-making workers at sewing

operation.
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5. Optimise the redesign of workstation for garments-making workers at sewing
operation.
6. Fabricate the redesign of workstation for garments-making workers at sewing

operation.

1.5 Scope of the Study

The scope of the study is carefully aligned with the specific objectives that the thesis
aims to achieve. This study utilized standard procedures for anthropometric
measurements from garment-making workers at a sewing workstation in REAL,
Eldoret, Kenya. It will focus on assessing, determining, redesigning, simulating,
optimizing, and fabricating a workstation redesign based on the selected
anthropometric measurements collected from workers. This study will concentrate on
the optimal ergonomic sewing workstation redesign that accommodates the physical

dimensions of workers according to engineering ergonomic criteria.

1.6 Significance of the Study

Ergonomics principles can significantly impact any organisation, offering numerous
benefits when applied. These include reducing ergonomic risks and enhancing safety at
the sewing workstation, lowering costs by minimising worker injuries, and boosting
productivity through a better-designed sewing workstation that ensures good posture,
fewer motions, and less exertion for workers. Additionally, improved quality results
from addressing poor ergonomics, which can lead to fatigued and frustrated workers
who may not perform at their best. When workers do not experience discomfort and

fatigue during their daily activities, their overall performance improves.
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This can lead to reduced absenteeism, enhanced morale, and improved worker
involvement, as well as healthier human performance due to a safe and health-conscious
culture established in society. The success of the study will ultimately benefit garment
workers by creating an anthropometric database for workstations in sewing operations

at REAL, Eldoret, Kenya.

The rationale for selecting the subject, which focuses on creating an anthropometric
database alongside integrated ergonomics principles, lies in its “novel” nature, aiming
to explore and study this area. There is confidence that significant benefits can arise
from a broader incorporation of ergonomics principles in the improvement plans of
garment companies. The availability of ergonomic workstation furniture will yield
advantages for garment manufacturing in Kenya. Garment companies are obligated to

provide sufficient facilities and infrastructure to support workers' activities.

This research aims to utilize anthropometric measurements as a design tool for
innovative ergonomic sewing workstation furniture suitable for garment workers in
Kenya. This study will employ anthropometry (a branch of human factors
engineering/ergonomics) as one of the research tools for redesigning, simulating,
optimizing, and fabricating sewing workstations to be used by garment-making
workers. It seeks to improve the physical posture, comfort, and overall performance of

garment workers.

This study aims to reduce, in the long run, the discomfort experienced by workers and
WRMSDs during prolonged sitting in sewing workstation environments. The research
will provide a database for future studies and is potentially beneficial to similar sewing
workstations, regardless of their geographical location. This study will hopefully serve

as a reference point for scholars and researchers in the future within this novel field.
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1.7 Purpose of the Study

The purpose of this study was to redesign an ergonomic sewing workstation for garment
manufacturing, based on selected anthropometric data from the REAL factory in Eldest,
Kenya. This redesign aims to improve the alignment between workstation dimensions
and the workers' anthropometric characteristics. To reduce musculoskeletal disorders
(MSDs), operators have reported the need for more favorable posture angles to enhance
productivity rates. This research examines the relationships between the anthropometric
data of sewing workers to optimize their performance. The study recommends utilizing
anthropometric data in workstation redesigns for Kenyan sewing workers to improve

their health and productivity in the long term.
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CHAPTER TWO: LITERATURE REVIEW

2.0 Introduction

This chapter provides an overview of the key literature relevant to the present research.
It is organised into seven sections: (1) Assessing work-related risks and hazards:
ergonomic risk factors and methods for evaluating workstation ergonomics; (2)
Determining anthropometric measurements: an overview of anthropometry, a brief
history, applications of anthropometric data, types of anthropometric measurements,
anthropometric body dimensions, the importance of integrating anthropometric data in
workstation design, and anthropometric considerations for the workstation; (3)
Designing an ergonomic workstation: an overview of ergonomics science, a brief
history of ergonomics, benefits of an ergonomics process, the importance of
ergonomics, workstation problems and ergonomic responses, ergonomics within
constrained design realities, designers as users of ergonomics information, challenges
in contributing from an ergonomics perspective, the significance of integrating
ergonomics in design, engineering and general design considerations, applications of
ergonomics, ergonomic impacts on worker performance, ergonomics at industrial
workstations, industrial workstation design, the evolution of ergonomics in workstation
development, ergonomic design integration, and workstation furniture prototype
testing; (4) Simulating the workstations: manikin simulation, an overview of
ergonomics simulation for the Rapid Upper Limb Assessment (RULA) test, software
packages for performing RULA analysis, and finite element analysis (FEA); (5)
Optimising workstations: an overview of optimisation, design optimisation, and
optimisation analysis; (6) Fabricating workstations: an overview of workstation
furniture manufacturing systems and the workstation furniture design process; (7)

Research gaps.
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2.1 Assessing Work-Related Risks and Hazards
2.1.1 The Ergonomic Risk Factors
There are three main risk factors, which are fundamentally physical in nature, as

illustrated and shown in Figure 2.1 (Cheng et al., 2016):

2.1.1.1 The Forceful Exertions

The forceful exertions typically create greater demands on the joints, muscles, and
tendons. Increased force also indicates heightened physical needs, such as greater
muscular effort. The level of strain on the muscles and joints is influenced by several
factors, including the height at which the load must be lifted and the frequency of lifts.
There are no specific limitations, such as weight restrictions, in the regulations. High
force loads are manageable for the human body across various work tasks, and high
force demands cause muscles to exert more effort, which increases associated fatigue

and can lead to MSD (Wang & Chen, 2012).

Keir et al., (2021) found a strong correlation between intense exertion and carpal tunnel
syndrome (CTS), epicondylitis, and conditions related to the hand and wrist tendons.
The relationship between epicondylitis and the dosage response of CTS was identified.
Additionally, the multiplicative effects of risk factors on injury risks and hazards are
demonstrated through interactions. A dosage response between the risk factors and
injuries is further supported by animal models and laboratory research that show clear
correlations between task demands and the biomechanical measurements associated

with upper extremity injuries.

2.1.1.2 The High Task Repetitions
The high task repetition refers to jobs and processes that require performing the same

actions repeatedly. Consequently, they are usually managed through work procedures
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and hourly or daily production targets. Many jobs and cycles are inherently repetitive,
typically governed by these work processes and production targets. Moreover, when
combined with other risk factors, such as uncomfortable postures and high force, high
task repetition may contribute to the development of MSDs (Ghoual, 2019; Pavlovic,

2013).

2.1.1.3 Awkward Postures

An awkward body posture refers to a position that significantly deviates from the
neutral stance while performing work and task activities (Yale & Safety, 2018).
Additionally, when lowering, lifting, or handling loads with the back bent and twisted,
as opposed to keeping the back straight, extra stress is placed on the back discs, which
is influenced by body postures. Similarly, jobs that require extensive time spent
working above shoulder height can be very demanding and stressful (Wang & Chen,

2012; Rupasinghe & Panuwatwanich, 2020; Hambali et al., 2019; Safety et al., 2009).

According to Chenetal.,'s (2017), awkward postures in construction operations present
significant risks and hazards for both short-term stress and long-term injuries. Reducing
and avoiding workers' exposure to awkward and uncomfortable postures is achievable
with the aid of motion capture technologies for body posture recognition. Additionally,
research by Ezugwu et al., (2020) indicates that, despite variations in awareness levels
among the variables, there is a positive correlation between awareness of awkward body

postures and repetitive motions as ergonomic factors related to MSDs.

Individual risk factors:

- Poor work practices. . _
Continous exposure to risk

- Poor health profile. factors leads to MSDs.
- No recognition of early
warning signs.

Figure 2.1: The risk factors
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2.1.2 Methods for Assessing the Ergonomics of Workstations

There are numerous tools available for assessing the ergonomic of the workstations,
including the Rapid Entire Body Assessment (REBA) and the Rapid Upper Limb
Assessment (RULA), as well as various forms of ergonomic equipment and
questionnaires to monitor the extent of existing symptoms. These evaluation methods
are essentially analytical processes that measure job task behaviors over time to assess
the physiological demands of job tasks on workers. In essence, these assessment
methods involve measuring the requirements placed on both a person and a machine,

their interactions, and the effects of various environmental conditions (Rittel, 2010):

2.1.2.1 Ovoko Working Analysis System (OWAS)

The ovoko working analysis system (OWAS) is a method developed in 1977 for the
steel manufacturing industry, but due to its simplicity of application, it has been
generalised to other fields. Furthermore, one of the earliest software implementations
occurred in 1991 using the OWAS method. Professionals have assessed the results of
the OWAS method over time. Similarly, the OWAS method allows for the assessment
and validation of the physical load resulting from work postures. This strategic method
considers postures from a comprehensive perspective; it may be less precise than other
strategic methods. Despite being one of the older methods, it remains one of the most
popular approaches to assessing postural load in the manufacturing industry, as it can
account for numerous postures over time. This is the primary method used to evaluate

ergonomic risks and hazards, making it the most widely described today.

The OWAS method is an observational and strategic approach. The procedures of the

OWAS method are (ergonomic workplace design in an assembly line, 2022):
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Determine whether the job is simple or complex (which may be divided into simpler

job tasks).

Determine the duration of the observation based on the amount and frequency of

the adopted postures.

Establish the sample rate, which is the period during which the worker's posture

will be measured.

Observe and record body postures.

Codify the observed postures.

Assign hazard and risk categories.

Determine the percentage of repetitions and the relative frequency of each
participant's position.

Assess the hazard and risk category for each body part based on relative frequency.

Determine appropriate corrective and design measures based on the results

obtained.

If changes have been made, re-evaluate the work task using the OAS approach to

ensure that the enhancements and improvements are effective.

2.1.2.2 Rapid Upper Limb Assessment (RULA)

The Rapid Upper Limb Assessment (RULA) is a method developed in 1993 by

McAtamney & Corlett at the University of Nottinham, aimed at evaluating hazards and

risk factors for workers. They also noted that the RULA method imposes a high load

on body posture, which can be detrimental to the upper limbs of the human body. To

assess the RULA method, factors such as posture, duration, frequency of exposure, and

forces exerted are considered (Khan et al., 2022). Each body posture is scored,

establishing a performance level. This performance level indicates whether the body
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posture is acceptable or what changes are necessary for the workstation. It is essential

to observe several work cycles and select the postures for evaluation. The RULA

method should be applied to the right and left sides of the human body separately or to

the side with greater postural loads. The procedures of the RULA method are

(ergonomic workplace design in an assembly line, 2022):

10.

Establish job cycles and observe the worker during several of these work cycles.
Select the postures for evaluation.

Determine which side—right, left, or both—will be evaluated.

Take the angular measurements.

Measure directly on the worker using angle protractors, electronic goniometers, or
any device that allows for angular data collection; photos can also be utilised to

ensure that the angles measured are accurately represented in the images.
Determine the scores and ratios for each part of the human body.

Calculate the partial and final scores and ratios of the RULA method to assess

hazards and risks associated with each body posture and develop an action plan.
Identify the measures to implement within the action plan.
Design the workstation according to the previous point.

Re-evaluate the new body posture using the RULA to check the effectiveness of the

measures.

2.1.2.3 Rapid Entire Body Assessment (REBA)

The Rapid Entire Body Assessment (REBA) is a method that evaluates the load posture

of the human body based on the RULA method. In this context, it also includes an

assessment of the lower extremities. The REBA method takes into account other factors
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such as the load handled, the grip, and the muscular activity exerted by the worker. The
repetition of poor body postures leads to risks and fatigue that can result in health issues.
This is typically linked to the high postural loads that can be caused by MSDs.
Therefore, it is crucial to assess these loads in a workstation environment. It is important
to consider the presence of sudden changes in postures and/or instabilities. The main
steps for using the REBA method are (ergonomic workplace design in an assembly line,

2022):

1. Determination of work cycles and observation of the worker during multiple work

cycles.

2. Select work cycles where posture, duration, and frequency exceed neutral body

position.
3. Determine the side to be measured and tested.
4. Obtain angular measurements of body position.

5. Determine scores and ratios for each part of the human body using the standard

tables of the method.
6. Calculate the final score to assess risks and establish if actions are necessary.
7. ldentify potential actions that could be taken.
8. Design positions that implement the changes.

9. Re-evaluate body posture using the REBA method to assess the effectiveness of the

improvement.

2.1.2.4 Rapid Postural Assessment (RPA)
The Rapid Postural Assessment (RPA) is not a standalone method; rather, it serves as

a tool for a brief and swift evaluation of the body postures adopted by the worker. If the
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RPA indicates a high level of static load, a more comprehensive study should be
conducted using more precise postural evaluation tools such as RULA, OWAS, and
REBA. This tool generates a numerical value based on the body postures the worker

adopts and the duration for which they are maintained.

2.1.2.5 Vibration Monitor

A vibration monitor controls the oscillatory signals to which the worker is subjected
within an organised system of three orthogonal axes. An accelerometer, which is a
component of the vibration monitor, measures properties such as the magnitude of
acceleration, direction, frequency, and exposure time. Additionally, the accelerometer
generates an analysis by producing an electrical signal that is proportional to the
acceleration it detects. This measurement is displayed in meters per second squared
(m/s?) to correlate with the units of acceleration received. It serves as a common tool
for evaluating both the vibration of the tool itself and the vibrations transmitted to the

worker through their interaction with the machinery (Harada & Griffin, 1991).

According to Koc & Liu, (2013), the measurement taken on the production of the
instrument will not necessarily reflect the contact that the worker experiences. This is
due to the transmissibility and the instrument's ability to transfer vibrations to the
operator's and user's hands. The transmissibility is highly variable and genuinely
depends on the materials from which the tool is made and their capacity to transfer and
absorb individual vibrations. According to Wiley, (2004), workers with high hand
vibration exposures are typically subjected to acceleration levels of four to five meters
per second squared (4 to 5 m/s?). Vibration monitoring employs an accelerometer to

record information that determines the magnitude of acceleration, direction, frequency,



21

and exposure duration to manage and mitigate hazardous vibrations affecting human

body posture.

2.1.2.6 Manual Goniometer

The manual goniometer is a tool used to measure joint angles and control the range of
motion stresses for a specific job task. The manual goniometer is effective in managing
the precise range of motion utilised. When paired with recorded video footage, it
becomes possible to track the entire range of motion throughout the completion of the
task. The recorded angles of flexion and extension can be compared to the practical

limits estimated for the task.

2.1.2.7 Video Analysis

Recorded video analysis is the process of using a camera or camcorder to capture the
interactions between the worker and the equipment they use. For the researcher to
assess combined movement effectively, the video analysis should be recorded at a 90-
degree angle to the subject. This allows the manual goniometer to be utilised most
efficiently, enabling researchers to break down the procedure step by step. The current
literature review on evaluation and motion (2023) states that before researchers begin

recording, they should have a clear understanding of the purpose of using adhesive tape.

A camera and camcorder are excellent tools for capturing countless details that cannot
be fully conveyed through specifications, proving that a picture is worth more than a
thousand words. Furthermore, video analysis can document movements and gestures
involved in a work task that note-taking or still images might overlook, providing the
scholar with a more reliable method of recording actions. It is also advisable for the
video analysis to begin wide to showcase the entire process and then zoom in on specific

aspects of the procedure from various angles. The video analyses serve as instant
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replays, giving the economist a second perspective and an additional opportunity to

make the right decision.

2.1.2.8 Force Gauge

The force gauge is an instrument designed to assess the muscular effort exerted by a
worker while performing a task. This device typically features a mechanism that
compresses a weight continuously, which is recorded by the gauge and dial to
demonstrate the task that has been performed. These devices are used to evaluate forces
involved in tasks such as pulling, pushing, and tensile tests. There are two distinct types
of force gauges: hydraulic dynamometers and spring mechanical gauges. Spring scales
generally have an accuracy within one percent of the full scale and are available at load
levels ranging from just a few grams to thousands of kilograms. Being within 1% of the
full scale means that the force gauge accuracy should be within 99% of the actual force
being recorded. Hydraulic dynamometers provide results that are more accurate than

their spring mechanical counterparts.

2.1.2.9 Questionnaire

A questionnaire is a quick and straightforward method to gather relevant information
on the work-related risk factors that contribute to the tasks being performed. By
analysing the evidence provided, it is possible to determine which worker groups and
workstations should be prioritised for further ergonomic assessment. However, the
determination of exposure levels has its limitations with the questionnaire method. The
data collected may be substantial enough to rank the units according to their exposure
and contact levels (Hildebrandt et al., 2001). Research by Dickinson et al., (1992) stated
that a questionnaire typically includes several sections, such as an overview of the

survey and its significance. Additionally, it provides information on how to complete
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the survey and scores the questions designed to meet the survey's objectives. A
questionnaire is a quick and simple method to acquire information about the
relationship between work practices and the associated risk symptoms arising from
these tasks. The core questions of the survey are designed to gather information in these

sections (Rittel, 2010):

=

Background variables (gender, age, and length of employment).
2. Tasks (demands of the tasks).

3. Miscalculated risk workload (forces, postures, and movements).
4. Health related to miscalculated risk symptoms.

5. Workers' lifestyle (smoking, sports, and activities).

6. Suggestions for process development.

2.1.2.10 National Institute for Occupation Safety and Health (NIOSH)

The National Institute for Occupation Safety and Health (NIOSH) is a lifting tool that
collects information about the tasks performed and records this data to calculate the
Recommended Weight Limit (RWL). Furthermore, the RWL is determined by
multiplying various task variables, and data will be gathered through interviews and
direct observations of workers involved in the tasks. Additionally, the NIOSH equation
is utilised to assess manual handling at workstations and to identify hazards and risks

associated with tasks such as lowering and lifting (Khan et al., 2022).

2.2 Determining Anthropometric Measurements
2.2.1 An Overview of Anthropometry
Anthropometry is the science of human body measurements and serves as an indicator

of well-being and health. It is a division of human disciplines focused on measuring the
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weight, size, and parts of the human body to achieve usability, comfort, and fit (Dorjee
& Sen, 2018). According to Chao & Wang, (2010) and Klamklay et al., (2008),
anthropometric data also provides insights into the static dimensions of the human body
in standard postures. The measurement of the human body and limbs is essential
information for designing workstations, clothing, and hand tools, as well as workstation
furniture, machines, devices, and working environments for individuals with

disabilities, along with many other products for human use.

In industrialised countries, numerous studies have been conducted on the
anthropometric measurements of various workers across different sectors. However,
research focusing on the anthropometric dimensions within the garment sector is
limited. Furthermore, there is a lack of studies specifically addressing the
anthropometric measurements of garment workers. Among these studies, Del, (2007);
and Leilanie, (2004) highlighted the importance of height anthropometry measurements
of garment workers in their working postures. An earlier study by Sealetsa & Thatcher,
(2011) emphasised the significance of anthropometry in designing work tasks (e.g.,
work task cycles and cooperative work), workstations (e.g., task height, table shape,
task angle, and adjustable tables and chairs), and workstation equipment (e.g., needle

angle and sewing machine table design).

Several previous studies by Hanson et al., (2009); Pessiot et al., (2010); and Sheta et
al., (2018) have stated that anthropometry is the science of measuring human body
form, which can help clarify the challenges posed by the human body and its interaction
with the working environment. When designing any product, designers and engineers
must rely on scientific anthropometric measurements to create seats that accommodate

the largest number of people. Otherwise, the result may be a non-ergonomically
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designed product, contributing to biomechanical strains and increasing the hazards and
risks of cumulative trauma and carpal tunnel syndrome for workers. Therefore, using

anthropometric data is also essential for the design and implementation of safe tools.

Additionally, a previous study by Taifa & Desai, (2017) notes that anthropometry has

three main principles, which are primarily followed in the design of various products

depending on the final outcome. The first principle is “design for the extreme

individual”, which may involve designing for the maximum population, usually

referred to as the 95th percentile male/female, and/or designing for the minimum

population, typically referred to as the 5" percentile male/female. The second principle
is “designing for an adjustable range”, which considers both the 5" percentile

male/female and the 95" percentile male/female to accommodate 90% of the
population. Many researchers have suggested that the adjustability principle is the main

ergonomic guideline to follow when designing workstation furniture. The last and third
principle is “designing for the average”, which is typically used when adjustability is

impractical.

2.2.2 A Brief History of Anthropometry

Anthropometry has long been used as a measure of human body variation, and since it
assesses external morphology, it is intuitively understood at an elementary level. By
standing at any major junction in a city around the world, one can easily marvel at the
variety of human physical diversity, such as: tall, short, thin, long-legged, fat, and
stumpy. Native wit lends authority to the study of anthropometric measurement
variation and its applications (Ulijaszek & Komlos, 2010). Previous research by
Komlos, (2018) stated that the concepts of biological variance among human

populations are of great antiquity but became quantitatively formalised in the nineteenth
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century. Additionally, early attempts to address this issue took place in the eighteenth
century, prior to innovations that identified variation at microscopic levels, including
physiological, biochemical, endocrinological, and genetic factors. Morphology was the

primary means of classifying nature.

In the earlier study by Floud, (2004), the strength of anthropometry as a measure of
human body variation lies in its relative affordability and simplicity of application,
although accuracy remains a concern. It is unsurprising that anthropometric measuring
methods have changed little during the nineteenth century. The interpretation and
significance of anthropometric data variation have evolved alongside new
understandings of how human body variation is maintained and generated. With this
shift in meaning has come a change in usage as well, transitioning from racial
classification to international public health and the history of anthropometric

measurement.

2.2.3 Application of Anthropometric Data

The application of anthropmetric data is described for designing industrial
workstations. It is necessary to obtain relevant information on work task performance,
body posture, equipment, and the working environment. In cases of new workstation
design, it is advantageous to gather more information from similar task situations, such
as several tools and methods. These may include direct observation, one-on-one
interviews with experienced workers, videotaping, and questionnaires (Gupta, 2014).
Before designing any workstation in the industry, it is desirable to conduct a worker
survey using appropriate questionnaires to assess the impact of existing and current
equipment. The existing equipment must prioritise worker comfort, health, ease of use,

and maintenance, while the objectives of such a survey should be documented and/or
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recorded. For example, the general rating of various tools and equipment, system
design, and environmental factors such as noise, temperature, light, and the workstation

should be considered (Gupta, 2014).

2.2.4 Anthropometric measurements

People have always analysed and studied the human body, the anthropometric data is
measured from childhood to old age, encompassing a wide diversity of ethnic groups,
serving as an indicator of health and nutritional status (Lu, 2003). In addition to the
dimensions of the human body, such as stature, breadth, and length, anthropometry also
describes the mass of the human body. This including weight, center of gravity, and
parameters of human body strength and motion that establish mass properties, physical

geometry, and the strength capabilities of the human form (Khadem & Islam, 2014).

According to previous studies by various researchers, such as Hsiao et al., (2002); Iseri
& Arslan, (2009); and Kalinkara et al., (2011), anthropometric data is one of the
essential factors in designing the human body, machines, devices, tools, vehicles, and
PPE to achieve optimal design for high performance and productivity. Anthropometric
data has been measured as the fundamental core of ergonomics in an effort to address
the issue of fitting people to machines, which should be ergonomically adjusted to
products and workstations. Several earlier studies, including (Kalinkara et al., (2011);
and Wang et al., (1999), stated that anthropometric data pertains to the division of the
human body that deals with body measurements, which indicate people's health status.
Earlier research by Chuan et al., (2010) noted that any designs incompatible with the

anthropometric measurements of a workforce could lead to undesirable incidents.

Previous research by Hsu & Yu, (2010) indicated that the accidental causal factors

included the use of hand tools and machinery, unsafe mechanical and physical
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conditions, and unsafe practices. Hand anthropometry tools are valuable for assessing
various aspects of industrial machine hygiene, medicine, and other applications related
to designing tools and machines for improved efficiency and enhanced human comfort.
According to Chao & Wang, (2010), quickly and accurately obtaining and estimating
anthropometric measurements significantly impacts society today. Designing a product
without incorporating the anthropocentric measurements of users is problematic, as
human body dimensions and measurements vary by age, gender, race, and nationality.
Therefore, it is advisable to consider essential anthropometric measurements and

dimensions when designing workstations for workers.

According to Mousumi, (2015), one of the most important natural variables that
emotionally impact the physical characteristics of the human body is hereditary
structure. Moreover, gender is a factor that affects physiology and body ratios, revealing
significant differences between males and females that should not be overlooked in a
single design. Anthropometric data has significantly contributed to the ergonomic
design of workstations in the manufacturing industry. Creating an anthropometric
database typically requires considerable resources, including equipment, workforce,
machinery, and funding. As previously mentioned by M. Ali, et al, (2014),
anthropometric data is utilized in ergonomic workstation design to specify the physical
dimensions of workspaces, equipment, workstation furniture, and clothing.
Additionally, the phrase “in shape the task to the man” emphasises the importance of
avoiding physical mismatches between product dimensions and equipment dimensions
that align with user dimensions. Generally, anthropometric measurements are
expressed as percentiles, with a percentile defined as a statistical measure representing

the value below which a given percentage of observations in a group fall. For example,
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the 95th percentile is the value below which 95 percent of the observations may be

found.

2.2.5 Types of Anthropometric Measurements
There are two types of anthropometric measurements: static (structural) anthropometry

and dynamic (functional) anthropometry (Man, (2011):

2.2.5.1 Static (Structural) Anthropometry

Static (structural) anthropometry refers to skeletal dimensions that measure the
distances between the joint centers of bones, it also includes some soft tissue
measurements in contour dimensions, such as the wobbly staff that encompasses all

body muscle, skin, fat, and bulk.

2.2.5.2 Dynamic (Functional) Anthropometry

Dynamic (functional) anthropometry refers to the measurements taken when the human
body is in motion and engaged in physical activities, such as reach (e.g., the arm plus
the extended torso), clearance (e.g., two people passing through a doorway), volumetric

data (e.g., the effective area for a specific work task), and kinetochore.

2.2.6 Anthropometric body dimensions

The anthropometric body dimension refers to the measurement of the human body,
which provides the foundation for developing information for models used in pattern
making. There are subtle differences among individuals, and human body dimensions
fit within a standard range that has varied significantly across different times and
regions. The anthropometric human body dimension also offers a recommended list of
data requirements for gathering human body measurements (Khadem & Islam, 2014).

A previous study by the Mousumi, (2015) noted that anthropometry consistently
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examines human body dimensions in either the coronal or sagittal plane. It also
maintains two standard postures: standing body posture and sitting body posture, which

are described below (Pereira et al., 2014):

2.2.6.1 Standing Body Posture

The standing body posture involves the person looking straight ahead and standing erect
with a relaxed demeanor. For standing measurements, the posture should generally
include looking straight ahead, heels together, an upper body that is relaxed, and normal

breathing (Pereira et al., 2014).

2.2.6.2 Sitting Body Posture

The sitting body posture involves the person looking straight ahead and sitting upright,
with the sitting surface adjusted so that the thighs are parallel to the ground and the
knees form a 90° angle, with the feet flat on the floor. Additionally, the upper arm
should be comfortable and vertical to the horizontal surface, while the forearm is
positioned at the correct angle to the upper arm, remaining parallel to the ground.
Furthermore, measurements in a sitting posture are taken using a horizontal reference
point, either the floor or the seat, and a vertical reference point is an imaginary line that
traces the back of the uncompressed shoulder blades and buttocks of the individual.
Consequently, in the standard body posture, the person should be measured with the

major joints, such as the knees, ankles, hips, and elbows, positioned at 90° angles

According to Chuan et al., (2010), variations in lifestyles, nutrition, and national groups
among populations lead to differences in human body dimensions, necessitating regular
updates to anthropometric data collections. The variation in body dimensions among
individuals, based on race and sex, can complicate product design. Designing

equipment and/or tools to accommodate all human body types and sizes is challenging;
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therefore, designers and engineers must prioritize the significance of these dimensions.
For measurements of sitting postures, the torso should be erect, shoulders relaxed, the
subject should look straight ahead, and the feet should be supported so that the femurs
are horizontal and parallel to each other. Achieving horizontal femurs can be facilitated
by an adjustable foot platform or a series of platforms of varying thickness that can be

combined to attain the desired posture.

2.2.7 Significance of Integrating Anthropometric Data in Workstation Design

All products of the workstations are ideally designed using user-centered design
processes, where data is taken into account. Anthropometry data is the branch of human
body sciences that focuses on the measurements of weight, size, and proportions of
human body posture to achieve fit, comfort, and usability. In an ideal design process,
the data is compared with relevant product workstation dimensions, such as chair height
relative to personal height (Hanson et al., 2009). According to Pentikis et al., (2002),
all product designs, including consumer products, clothing, and product systems, as
well as the fit between different workstation products and users, are not consistently

optimal.

Westgaard & Aards, (1984) argue that improper product design of workstation
adjustments to anthropometric features results in pain, discomfort, and disorders in the
neck, arm, shoulder, hand, wrist, and back. Furthermore, the resulting MSDs have been
observed in various contexts, including the driver environment and the office of the
electronic assembly line (Sundelin & Hagberg, 1989). To minimize the poor
anthropometric alignment between product design, workstation design, and users,
designers and engineers must utilize accurate and updated anthropometric data for each

object group (Nickpour & Dong, 2011). According to Williams et al., (2004),
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integrating anthropometric data (measurements of human body sizes and dimensions)
into new product design can provide a more precise foundation for evidence-based

design decision-making.

2.2.8 Anthropometric Considerations for the Workstation

Anthropometry is the collection and measurement of the physical dimensions of the
human body and posture, ultimately used to enhance human fit in the workstation and
identify issues between facilities, equipment, and the workers using them. Research by
Mayfield, (2007) indicates that clearance, reach, posture, and strength are the four
primary constraints utilised in ergonomic design. The 95% confidence level signifies
that the design accommodates the smallest and largest users within the 95 percentile
of a specific population. This implies that the smallest 2.5% and the largest 2.5% of the
population are excluded from design considerations. These percentages are omitted
because the 95" percentile between them ensures the greatest accommodation,
operability, compatibility, and maintainability for average-sized users (lberes &

Giovana 2000).

According to Iberes & Giovana (2000), the approach allows the workstation to be
designed to accommodate the maximum number of workers possible within the selected
percentile. Some key ideas that can help determine the distances needed for certain
controls indicate that clearance should always accommodate the maximum number of
users, while reach should always accommodate the minimum. A workstation is
designed to fit each individual worker, but with shrinking budgets and workforces, it
becomes increasingly difficult for a company to afford changes that fit the worker.
Anthropometrics is critical in ergonomics because it takes the dimensions of workers

and applies them to the design of workstations, tools, jobs, and equipment. Several
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features characterize a well-designed job, such as: physical dimensions that ensure
reaches, clearances, and work heights accommodate the capabilities and features of at
least 90 percent of workers; peak loads that remain within the strength and/or endurance
capacities of at least 90 percent of workers; environmental factors that do not impose
improper risks and/or performance limits on the healthiest workers; cognitive,
perceptual, and visual demands that align with the dimensions of most workers,
including older ones; job repetition rates and striding that are not excessive; and

workers having control over their job patterns.

When designing a workstation, it is best practice to use dimensions that accommodate
at least 90 percent of workers. This approach allows for greater interchangeability,
enabling multiple workers to perform the same tasks in the workstation environment.
By maintaining average mental and physical demands, designers and engineers enable
a diverse range of workers to complete the tasks effectively. The principle behind
ergonomic workstation design is that a healthy, normal adult should be able to perform
the tasks within a company, allowing managers to recruit from the primary pool of
available workers (Rittel, 2010). A study by Young, (2009) indicated that in job design,
reducing static exertion without the motion element of any task may prevent local
muscle weakness from limiting productivity. Most industrial work involves both static
and dynamic tasks. While static work is more likely to limit productivity, it is generally

advisable to minimize the static component of tasks whenever possible.

Furthermore, there are several guidelines for workstation and task design aimed at
reducing static effort, which include: avoiding forward reaches of more than 15 inches
while sitting and more than 20 inches in front of the body when standing; designing

foot pedals to minimize or eliminate the need for sustained pressure and providing rest
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breaks for highly repetitive job tasks. These design guidelines are recommended to
ensure that a task is not exhausting or overworking the worker. By reducing the manual
effort required in a task, the company will create a more favorable environment for the

worker, promoting higher productivity (Rittel, 2010).

2.3 Designing an Ergonomic Workstation

2.3.1 An Overview of Ergonomics Science

The fundamental philosophy of ergonomics is to design workstations that promote
safety, comfort, convenience, and physical health, while also motivating individuals in
their studies (Taifa & Desai, (2017). According to Koirala, (2022), ergonomics is the
careful design of equipment that enables people to work more efficiently and effectively
in their environments. To achieve this, it applies physiological and psychological
principles to the engineering and design of workstation systems and processes. The
ergonomics approach involves studying task design in relation to the psychological and
physiological capabilities of individuals. The goal of ergonomics is to evaluate and
design jobs, facilities, environments, training methods, and tools to align with the
abilities of users and workers, thereby reducing the potential for errors, fatigue, and
unsafe actions. Furthermore, from an ergonomics perspective, when most potential
workers can perform well without excessive stress, it is essential to ensure thoughtful

design (By & Meister, 1995).

Research by Canas et al., (2011) and Wibowo & Mawadati, (2021) indicates that
ergonomics science can be applied across a wide range of disciplines within the
manufacturing industry. For instance: architecture, anatomy, product design,
physiotherapy, physics, psychology, occupational therapy, and industrial design

engineering. Additionally, numerous studies have reported improvements in efficiency
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and product quality in the manufacturing sector, alongside reductions in injury rates
and increases in job comfort and satisfaction for workers. Ergonomics science involves
the application of scientific principles, approaches, and data drawn from various
disciplines to develop manufacturing systems where people and societies play a
significant role. Key disciplines include cognitive science, psychology, physiology,
biomechanics, applied physical anthropometry, and industrial engineering systems
(Shamsuddin et al., 2015). According to Dul et al., (2012), the international ergonomics
association (IEA) defines the field of ergonomics as follows: Ergonomics, or human
factors, is the scientific discipline concerned with understanding the interactions
between the human body and other essential components of the system. Ergonomics is
also a profession that applies principles, theories, data, and approaches to design in
order to optimise human well-being and overall industrial system performance.
Economists contribute to the design and evaluation of tasks, jobs, products,
environments, and industrial systems to ensure they align with the needs, abilities, and

limitations of people.

Research by Simonsen & Berlin, (2017) states that the primary purpose of ergonomics
is to study the conditions of people at work and play, thereby improving the overall
situation for individuals. Ergonomics is always user-centered and focused on the user's
well-being rather than solely on productivity. Although directors and designers
sometimes require justification for enhanced productivity and efficiency to implement
ergonomic science in industrial systems, the aim of ergonomics can be described as
aligning the system and product with the user. Furthermore, among the fundamental
disciplines contributing to ergonomics are psychology, cognitive science, physiology,
biomechanics, applied physical anthropometry, and industrial systems (Interaction

Design Foundation, 2017). According to Krishna, (2019), ergonomics originated from
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the importance of design and the operational challenges presented by new work systems
that have evolved with technological advancements. Two approaches, namely: fit the
man to the job (FMJ) and fit the job to the man (FJM), have been recommended as
viable alternatives to enhance and sustain the productivity and efficiency of human-
machine work systems, with work satisfaction, health, and the capabilities of the human
body as core issues or objectives. It has also become evident that FIM is almost always

the superior method for designing work systems.

The underlying expectations of the FIM method are that a suitable set of worker
characteristics can be identified for which a task can be designed, and this can be
applied to any task. The content of ergonomics primarily focuses on relating these
characteristics at the physiological, anatomical, and psychological levels and
explaining their design implications; only under specific circumstances can the FMJ
method be the sole option. For example, workers who need acclimatisation must
operate in hot conditions that should remain unchanged, and there may be various FIM
options, such as creating a better work-rest schedule and providing protective clothing
(Krishna, 2019). According to Mehta, (2016) and Zhang & Zhang, (2005a), the field of
ergonomics was established by economists to address practical issues in the design and
manufacturing of workstation products and systems, and it is typically divided into the

areas of physical ergonomics, cognitive ergonomics, and organizational ergonomics.

Some explanations of the sub-fields of ergonomics are provided by (Zhang & Zhang,
2005b), which include cognitive ergonomics, related to mental processes such as
awareness, thinking, cognition, and response, as these affect the relationships between
the human body and various factors of the engineering system. Issues related to

cognitive ergonomics encompass psychological workload, human dependability,
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decision-making, skilled performance, capability, and training, all stemming from the
interaction between individuals and the system. Additionally, physical ergonomics
focuses on human structure concerning anthropometric, physiological, and biological
features in relation to bodily activity. The principles of physical ergonomics are
commonly applied in the design of both consumer and manufacturing workstation

products.

Moreover, the most prevalent types of work-related tasks associated with injuries are
MSDs linked to repetitive tasks, integrated into work processes, and poor working
environments (Britnell et al., 2006). Therefore, to enhance worker efficiency and reduce
the risk of MSDs, the workers must assess their body postures and implement
appropriate measures. A significant issue in industrialised countries today is the
WRMSDs associated with repetitive work environments. These issues can be defined
as weak human bodily structures, including muscles, joints, tendons, ligaments, nerves,
bones, and the local circulatory system, which arise primarily from similar procedures
or work conditions (Britnell et al., 2006). According to Scott & Erin, (2006) and Bailey
et al., (2023), organisational ergonomics focus on improving social systems. This
encompasses organisational structure, processes, and policies related to
communication, resource management, participatory and collaborative teamwork,
community work conditions, new work programs, virtual organisations, and quality
management. Additionally, the areas of specialisation within the field of ergonomics or

human factors can be broadly categorised as illustrated in Figure 2.2,
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Cogmtive Ergconomics Orgamizational Ergonomics

Erconomics
L 4
L 3

Perception * Human anatomical Optimisational

Memory *  Anthropometric Organisational structure

Reasoning Physiological Polices

® Processes

Motor response Biomechanical

Figure 2.2: Classification of the sub-fields of ergonomics

2.3.2 A Brief History of Ergonomics

Although ergonomics has undergone many changes throughout its long history, some
developments, such as cognitive ergonomics in the 1960s, organisational ergonomics
in the 1970s, positive ergonomics in the 1980s, emotional ergonomics in the 1990s, and
spiritual ergonomics in the new millennium, have sparked debate. Positive ergonomics
typically focuses on enhancing the human-machine system to create a more enjoyable
work environment, allowing individuals to feel comfortable and satisfied. Emotional
ergonomics examines how people's emotions interact with machines. Spiritual
ergonomics is based on the idea that workers' passions significantly influence their
success and well-being (Koirala, 2022). As noted by Krishna, (2019), the emergence of
ergonomics as a distinct field of study is a relatively recent phenomenon. The concept
of ergonomics has roots in ancient times; during the Stone Age, individuals designed
hand tools to suit both the user and the task. Additionally, during the Industrial
Revolution, efforts were made to apply human-centered design principles to tools,
aiming to assign engaging jobs to people while relegating repetitive tasks to machines.

When ergonomics was formally recognized after World War 11 in the United Kingdom,
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its focus shifted to equipment and workstation design. See Appendix Il for some ISO
standards related to ergonomic design, which encompass relevant subjects such as
physiology, anatomy, industrial medicine, architecture, design, and illumination

engineering.

In Britain, the ergonomics research society was established in 1950, and in various parts
of Europe, particularly Germany, France, the Netherlands, and the Scandinavian
countries, ergonomics is a well-established discipline and research field. Even labor
unions are actively focusing on its advancement, recognising its importance for health,
safety, convenience, and comfort. In the United States, human factors or ergonomics
emerged as a discipline in the early fifties. As previously mentioned by Krishna, (2019),
ergonomics or human factors share much in common, although their development has
followed different paths. Ergonomics or human factors have achieved remarkable
success in designing large systems within the workstation industry at the National

Aeronautics and Space Administration (NASA) and its space system programs.

The Eastman-Kodak and International Business Machines (IBM) are two companies,
among others, where ergonomics have been significantly applied, with many of these
programs undertaken by company nurses and industrial engineers. Other agencies in
the field of ergonomics and human factors have sponsored studies on civilian
applications, including the design of highways and road signs, human capabilities and
limitations in space, car design, the effects of drugs and alcohol on driving, industrial
safety, ergonomics in underground mining, workstation injuries, job stress, safe design
of consumer products, design requirements for nuclear power plants, and aviation
safety. Recently, the Human Factors Society (HFS) in the United States has changed its

name to the Human Factors and Ergonomics Society (Krishna, 2019). Both human
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ergonomics and factors engineering utilise the FIM method, asserting that jobs should
be tailored to fit people rather than the other way around. Basic human features in the
context of job design and analysis have been examined by economists; however, as this
is a developing and interdisciplinary subject, the limitations of ergonomics remain

unclear.

Additionally, in India, the application of ergonomics has been quite controversial thus
far, given the vast size of its industrial and agricultural sectors. Only a few individual
efforts have been made. The design of productive job systems, operated by motivated,
healthy, and efficient individuals, becomes a core issue to remain competitive with the
cost-effective approaches and procedures currently in use. It is essential for
organisations involved in any product to apply ergonomic principles as a crucial
concept for better workstation design, services, and the working environment in the

future.

The term ergonomic is derived from the Greek words ERGON, meaning work, and
NOMOS, meaning law or usage. According to Esmaeel, (2022) and Gade et al., (2015),
the word “ergonomic” was first used in 1857 by a Polish researcher named Wojciech
Jastrzgbowski when he published the book “The Work Environment or Business
Science.” Similarly, ergonomics emerged as a response to the design and operational
challenges posed by technological advancements in the last century. Its development is
linked to the same historical processes that led to the establishment of other fields such
as occupational medicine and industrial engineering. Ergonomics involves applying
scientific knowledge about the human body to the design of objects and systems utilised
by people (Sepehri et al., 2013). Ergonomics, or human factors, is a method of working

smarter, not harder, by designing tools, equipment, workstations, and tasks to align the
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job with the worker, rather than forcing the worker to adapt to the job (Al-Hinai et al.,
2018). Ergonomics, or human factors, is a profession that employs principles, theories,
and data to understand the interaction between the human body and other elements

within the system (Kurban et al., 2015).

2.3.3 Benefits of an Ergonomics Process
The benefits of an ergonomics process are explored in the subsequent sections (Khan

etal., 2022):

2.3.3.1 Ergonomics Reduces Costs

By systematically reducing ergonomic hazards and risk factors, economists can prevent
the costly burden of MSDs, with approximately 1 United States dollar (USD) out of
every 3 USD in workers' compensation costs attributed to these disorders. This presents

an opportunity for significant cost savings.

2.3.3.2 Ergonomics Improves Productivity
The best ergonomic solutions often enhance workstation productivity by designing
tasks that promote good posture, reduce motions, minimise exertion, and optimise

heights and reach, thereby making the workstation increasingly efficient.

2.3.3.3 Ergonomics Improves Quality

Poor ergonomics results in frustrated and fatigued workers who are unable to perform
at their best. When a task is too physically demanding, workers may struggle to
complete it as effectively as they were trained. For example, a worker might not tighten
a screw sufficiently due to the high force required, which could lead to issues with

product quality.
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2.3.3.4 Ergonomics Improves Worker Engagement

A workers' announcement when the factory is making its best efforts to ensure their
safety and health. For instance, if a worker does not experience discomfort or fatigue
during their workday, it may decrease absenteeism, reduce turnover, improve morale,

and increase worker involvement.

2.3.3.5 Ergonomics Creates a Better Safety Culture

Ergonomics demonstrates the company’s commitment to health and safety as a
fundamental value. The cumulative impact of the previous four benefits of ergonomics
results in a more robust health and safety culture within the company. Health workers
are the most valuable asset, nurturing and establishing the safety and health culture in

an organisation, which ultimately leads to improved performance.

2.3.4 Importance of Ergonomics

Industries increasingly require higher production rates and technological advancements
to remain competitive and sustain operations. Consequently, jobs today may involve:
frequent lifting, carrying, and pushing or pulling loads without assistance from other
workers or devices; heightened specialisation that necessitates the worker to perform a
single function or movement for extended periods, day after day, and working more
than eight (8) hours daily; and maintaining a quicker pace in tasks, such as faster

assembly line speeds and having restricted grips when using tools (Berlin, 2011).

2.3.5 Problems at the Workstation and the Ergonomics

There are several types of problems associated with the task to be performed, such as:
humans being responsible for the work; the environment in which human beings
operate; and the interfaces between work, humans, and the environment. All of these

factors influence and determine the level of human performance and production output
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at the workstation, regardless of the type and level of technology employed. Moreover,
the issues related to these aspects cannot be entirely eliminated. As the technology in
use is continuously assessed, no two individuals can perform the same job task in
precisely the same manner due to variations in inherent abilities and responses to the

work environment and systems among human beings.

The primary focus of ergonomics is the design of the workstation as a cohesive system
to achieve optimal performance from humans consistently and continuously.
Additionally, interdisciplinary knowledge in relevant fields such as physiology,
biomechanics, psychology, engineering, systems design, and cybernetics is essential.
These fields are necessary to understand functional requirements, formulate system
goals, analyse the system, implement the system, and design new systems. To address
any issues of this nature in workstation environments, ergonomics is likely to provide
a range of solutions (not just one, but a variety of alternative solutions) that can lead to
increased productivity of resources and efficiency of production equipment, safe
working practices, improved health and well-being of individuals by minimising risks
and hazards, and the design of a maintenance plan for a comfortable work environment.
In the long term, operations at the workstation should aim for minimal costs and
maximum product quality while ensuring acceptable and standard quality of work life

for individuals (Esmaeel et al., 2024).

Moreover, as economists hail from a variety of professional fields, it becomes easier
for them, as a collective, to tackle workstation problems in an integrated and holistic
manner. For several reasons, the potential of ergonomics has not yet been fully realised,
except in some developed Western nations. In developing countries, ergonomic

principles have rarely been applied in workstation design. Additionally, a survey
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indicated that individuals outside the field of ergonomics are largely unaware of its
significance. As technology grows more complex, the design of the interface between
advancing technical programs and their human users becomes increasingly critical. In
the near future, the necessity for successful implementation of ergonomics at
workstations is anticipated to be recognised by designers, engineers, and users alike

(Ahmed, 2018).

2.3.6 Ergonomics in the Constrained Design Reality

Product design is typically conducted as a development task where stringent constraints
on product performance, costs, and timelines are prevalent. Throughout the
development process, the design team must consider a comprehensive range of
requirements, including technical performance, environmental concerns, market
limitations, manufacturing, competition, materials, weight, costs, aesthetics, safety,
quality and reliability, installation, packaging, and ergonomics. All these factors must
be carefully balanced and ultimately synthesised into an innovative, competitive

product that is available on the market at the right time and price.

2.3.7 Designers as Users of Ergonomics Information

To make any real contributions to the design, ergonomics consultants need ways to
influence the thinking and behavior of people with significantly different perspectives
from their own. The challenge for ergonomics consultants is to establish methods for
stimulating, informing, and influencing a design team to effectively address important
ergonomics issues throughout the product design process. It should be the ergonomics
specialist's responsibility to interpret research findings and begin bridging the research
gap by learning to communicate in the language of design. Research by Fulton &

Marsh, (2000) notes that ergonomics consultants must create a relationship between
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synthesis and analysis. They need to facilitate the translation of ergonomics information
into a format that stimulates well-conceived and user-centered design ideas. In product
design, designers often prefer to obtain precise data rather than general guidelines.
Several economists seem to believe their task is complete once they have provided
general guidelines and handed them over to designers for implementation and

interpretation.

A study by Burns & Vicente, (2000) considers that the influence of ergonomics on
design must extend beyond laboratory results and guidelines. Although end users are
the recipients of ergonomics, they are not typically the ones utilising the ergonomic
outcomes. The actual users are designers and those who create the products and
systems, whose decision-making must be guided by ergonomic considerations.
According to Bezerra et al., (2017), design is the central achievement of the engineering
profession. In today’s context, human-machine interface design, or simple interface
design, has become a critical issue; thus, it is essential for design engineers and
technologists to be informed about ergonomic principles and human factors. Ergonomic
design and analysis have emerged as key areas of study, with extensive research over
the past decades aimed at creating workstations that are ergonomically designed,

operationally safe, and productive as well.

2.3.8 Difficulties of the Contribution from an Ergonomics Perspective

Usually, economists work in product development, and reports indicate that one of the
major sources of dissatisfaction is the potential to make a difference, such as
contributing relevant and usable design insights. However, economists argue that
ergonomic factors are often overlooked in the design process, relegating ergonomics to

a post-design evaluation. This leaves economists with limited opportunities to



46

implement crucial design changes and highlights the significance of the product (Abid
et al., 2017). According to Simonsen & Berlin, (2017), most ergonomics professionals
have cultivated a strong practice in both written and oral presentations of materials.
Many designers and engineers are impatient with lengthy written arguments and tend
to prefer visual materials, seeking to grasp the main point quickly and move on. A study
by Ullman, (2018) states that design problems are characterised by being ill-defined,

having multiple potential solutions, and lacking a clear best solution.

2.3.9 Significance of Integration of Ergonomics in Design

The workers need to have as much ergonomic motivation as possible during the
conceptual design phases of the task to ensure that their struggles are directed
appropriately. However, today's workers operate at a distance from the broadly diverse
societies of the users (Fulton & Marsh, 2000). In many cases, designers are expected to
rely on other professional functions, such as ergonomics and market research, to
interpret people's wants and desires. The researcher adds that, with support from the
authorities, designers and engineers should be provided with ample opportunities to
step outside their own culture and experiences to understand what it is like to be
someone else. Clearly, mutual understanding, interest, and respect among engineers and
economists for each other's capabilities are central to facilitating the efficient
incorporation of ergonomics in workstation design. Research by Haslegrave & Holmes,
(1994) indicates that it is crucial for economists to grasp the key aspects of design. Both
are connected to the process, the product, and business limitations, and it is also
essential for engineers to receive formal education in ergonomics, so that both

professions can understand each other's approaches to problem-solving.
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2.3.10 Engineering and Design

The American Heritage Dictionary of the English Language (AHDEL) defines
engineering as the application of scientific and mathematical principles to practical
ends, such as the design and manufacture of machines, the operation of efficient
processes, and the creation of economical structures and systems. Conversely, the verb
"engineer" can mean to manage, plan, and implement. Research by Engelmann et al.,
(2021) states that engineers' primary task is to apply scientific information to solve
technical problems and then optimise that solution within given material, economic,

and technological constraints.

2.3.11 Engineering Design and General Design Considerations

Engineering design is a part of human problem-solving activity that begins with
recognising a gap in user knowledge, leading to a plan for a new object and culminating
in the production of that object (Starovoytova, 2019; Starovoytova et al., 2016). Product
design involves conceiving and shaping the goods and services that meet user needs.
The following aspects are considered during the design process: simplicity, ease of use,
ergonomics, safety, ease of manufacture, aesthetics, availability of materials and labor,
durability, reliability, weight and size, operational and maintenance costs,
environmental soundness, efficiency, life cycle cost, utility, and function (Madara et
al., 2016). Thus, Table 2.1 illustrates the elements of product design using the Ducati
Monster motorcycle as an example of a highly popular and successful artifact

established in 1993.
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What are the user needs?

The motorcycle sounds powerful

Reference

What are the target values of the
product attributes?

What is the core product concept?

What will be the overall physical form
and appearance of the product?

What is the product architecture?

What variants of the product will be
offered?

Which components will be shared
across which variants of the product?

What are the values of the key product
parameters?

What is the detailed design of the
components?

0-100 km/hr. acceleration time < 4.0 seconds, etc.

A naked bike as a raw counterpoint to the faired sport-bikes in the market.

Typically, the form is initially represented with a sketch and eventually in
represented by a 3D (Three-dimensional) computer model.

Welded tubular frame; Ducati L-Twin engine/transmission hung from
frame at four points; chain derive; rear swing arm suspended from
transmission casing, etc.

M900 initial, to be followed by M400, M600 and M750 (differing
primarily in engine displacement).

Most components except engine shared across all models.

90cc engine displacement; 1440mm wheelbase; 14-liter fuel capacity.

Usually, the detailed design of components is represented with 3D
computer models plus annotations for finishes, materials, and other
attributes.

Starovoytova, (2019).
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2.3.12 Application of Ergonomics

The primary aim of ergonomics is to optimise the work system's performance by
improving the interactions between machines and users. Enhanced performance can be
defined more precisely, such as achieving greater output with fewer inputs (increased
productivity) and enhanced reliability and efficiency (reduced likelihood of
inappropriate connections among the work system components). The precise definition
of a better working system varies based on the contexts and principles of ergonomics

(Woo et al., 2016).

2.3.13 Ergonomic Impact on Workers' Work Performance

The impact of ergonomic factors on workers' performance in production areas can be
leveraged by all industrial initiatives. Ergonomics is a strategy that helps companies
attract and retain their best workers at the workstation (Ravindran, 2019). The goal of
ergonomics is to enhance the workstation to accomplish more tasks in the least amount
of time, energy, and money. Research by Kahare, (2014) suggests that when workplace
ergonomics are improved, workers perform better and are less likely to miss tasks or
leave their jobs. Ergonomics considers workers’ physical, social, mental,
organisational, and environmental factors when designing workstation products, jobs,
and working environments to ensure they align with their abilities, needs, and
limitations. Ergonomics aims to enhance both human well-being and overall work
performance using data, theory, principles, and methods. According to Ahmadi et al.,
(2015) and Mihartescu et al., (2021), ergonomics is a scientific discipline that focuses

on how people interact with other components of the system.

A study by Merino et al., (2017) posits that workstation ergonomics is a comprehensive

science that examines various factors affecting a worker’s comfort and health, including
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lighting, heavy lifting, noise, temperature, workstation design, tool design, vibration,
repetitive motion, machine design, chair design, shoe design, and table design, among
others. Research by Hoff & Oberg, (2015) suggests that enhancing work conditions,
reducing physical exhaustion, and minimising strain from all activities can improve
individuals’ well-being and quality of life at the workstation. According to Al Horr et
al., (2016), a poorly designed workstation can significantly impact workers' task
performance and overall satisfaction in the work environment. Soewardi et al., (2016)
noted that most garment factories strive to make their workstations increasingly
comfortable, and the number of garment companies implementing ergonomics in their

operations has been on the rise.

Using good ergonomic principles, workers’ well-being and safety can be enhanced,
leading to increased productivity. According to Dimberg et al., (2015), the rapid
changes in technology have altered the roles of ergonomics; to adapt to these changes,
management must involve direct worker participation and awareness in workstation
design. A study by Burgess, (2018) suggests that participatory ergonomics systems are
the most effective way to rethink and design manual jobs, thereby reducing the
incidence of occupational MSDs. Koirala, (2022) argues that for a workstation to
comply with ergonomic principles and standards, it must utilise the latest technology to
ensure worker comfort. Pickson et al., (2017) believe that regular training at the
workstation can help workers understand how to significantly improve ergonomic
practices. Furthermore, several reviews indicate that most research on ergonomics is

conducted in garment manufacturing and developed countries.
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2.3.14 Ergonomics at Industrial Workstation

The ergonomics at the industrial workstation avoid the interactive methodology, where
damage-causing tasks are modified to a practical approach that emphasises the
assessment of each job. This pertains to safety and feasibility, as the workstation and
processes are designed (Attwood et al., 2003). Ergonomics can be an integral part of
design, manufacturing, and use. Users can gain a better understanding of ergonomics
and see how it impacts the study of human body measurements, repetitive motion,
movement, and workstation design as it relates to their needs. According to Attwood et
al., (2003), the principles of integrating ergonomics into workstation production aim to
enhance procedures through ergonomic involvement in the planning stage of

workstation design.

2.3.15 Industrial Workstation Design

Good workstation design relies on the physiological, physical, and psychological needs
of the worker. There are two key concepts in workstation design: the workstation itself
and the physical area where an individual performs tasks. The main types of
workstation designs include sitting workstations, standing workstations, and hybrid
workstations that accommodate both sitting and standing. Each type has features that
make it more suitable for certain tasks while being less effective for others. Therefore,
workstation design should be evaluated alongside process and task data during analysis.
The steps to designing a new workstation are: 1) Adaptation; 2) Problem identification;
3) Basic information; 4) Data gathering and analysis; 5) Assessment; 6)

Recommendations; 7) Design; and 8) Development (Eswaramoorthi et al., 2010).
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2.3.16 Development of Ergonomics in the Workstation

In the design stages of new processes, frameworks, tools, and products, it is common
for advanced organisations to consistently prioritise ergonomics. This level is achieved
by approximately 5% of all organisations, which can accomplish this through a
common and ongoing phase access review process, along with standard design
guidelines for ergonomic principles such as accessibility, work height, force, weight
limits, and the engineers and designers responsible for product quality. According to
Arezes et al., (2015), in recent years, the percentage of people using online software
and solutions for office ergonomics has increased from 27% to over 50%. Table 2.2

illustrates the development of ergonomics in the workstation (Kuorinka, 2000a).
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Table 2.2: Development of Ergonomics in the Workstation

Period

Event References

400 Before Archaeologists discovered sketches and paintings of Ancient Greek civilizations depicting chairs with back

Christ (BC)
1700s.
1890s.
1900s.
1914-1918s.
1939-1945s.

1940s.

1950s.
1960s.
1970s.

1980s.

1990s.
2000s.
2001s.

contouring.
Bernardino Ramazzini (1633-1714), an Italian physician, produced an article titled “De Morbis Artificum”.
Frederick Winslow Taylor started out on a mission to make the workstation more efficient.
Lillian and Frank Gilbreth started looking into ‘Time and Motion Studies. Kuorinka,
During World War |, ergonomic innovations for screens, controls, and seats were integrated into airplanes. (2000b).
Ergonomic ideas found their way into armament and machinery throughout World War I1.
The term “ergonomics” was coined by physiologists and psychologists at the Admiralty in the United
Kingdom.
Military Ergonomics.
Industrial ergonomics.
Consumer products ergonomics.
Human-computer interaction and software ergonomics. As computers were more widely used, ergonomic
Helander, (1997).
research changed once again to try to understand the human issues involved.
Cognitive ergonomics and organizational ergonomics.
Ergonomics has progressed in leaps and bounds as technology has improved.
OSHA Ergonomic Standard. Renewed efforts underway to re-invent a version.
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2.3.17 Ergonomic Design and Integration

2.3.17.1 A Case Study of Rivatex East Africa Limited (REAL)

The Rivatex East Africa Limited (REAL) is recognised as the home of quality textile
products both locally and regionally. The REAL factory has been facing challenges
related to machinery and obsolete technology, which have hindered the exploitation of
potential opportunities in the local and regional markets. Despite these challenges, the
REAL factory has taken several steps toward a complete revival on its path to
sustainable growth and profitability. REAL is a vertically integrated textile factory that
transforms cotton lint through various processes into finished fabrics (Ednah et al.,
2016). It was officially opened on the 4™ of August in 2007 as the Moi University
facility for training, teaching, consultancy, project work, research, product evaluation,
development, and extension. REAL is fully owned by Moi University and was
incorporated on the 16™ of August, 2007, with the objective of utilising the facility for
training, research, learning, extension, and commercial purposes. Additionally, the
factory has established an ultramodern apparel and garment-making unit that is well-
equipped with state-of-the-art equipment to produce all kinds of outfits from cotton and

cotton blend fibers (Ednah et al., 2016).

Through the support of the Kenyan Government, the REAL factory has been able to
invest in new and ultra-modern equipment in the textile industry, which is unique and
the only one of its kind in Eastern and Central Africa. The REAL factory is a vertically
integrated textile plant that includes spinning, weaving, wet processing, and garment
operations (East & Limited, 2020). In this study, the garment operations department is
selected as one of the pioneering garment industries in Kenya for producing high-
quality and excellently finished fabrics. This REAL factory is located at Kipkaren Rd

South, 4744-30100, Eldoret, Kenya. See the REAL factory profile in Table 2.3.


https://www.businesslist.co.ke/location/eldoret
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Table 2.3: REAL factory profile

Factory name Rivtax East Africa Limited, factory
Address Kipkaren Rd South, 4744-30100, Eldoret, Kenya.
Product Finished fabrics

Buyers African and Chinese firm.
Number of workers 1000
Certification ISO
Worker productivity 55% - 60%
Reference https://rivatex.co.ke

2.3.17.2 Ergonomic Design Principles

The ergonomic design principles, including the use of anthropometric data, workstation
design, and the science of seating, are prioritised in creating an ergonomic workstation.
Previous studies by researchers such as Chung & Wong, (2007); De et al., (2015);
Eladly et al., (2020); Gorce et al., (2022); Khadem & Islam, (2014); Oyewole et al.,
(2010); Saguyod et al., (2021); Sheta et al., (2018) have indicated that ergonomic
workstations promote good body posture, influenced by personal factors, task
requirements, and workstation design. Additionally, body posture requirements are
illustrated in the postural triangle, as shown in Figure 2.3, while work task requirements
encompass cycle time, visual demands, force, manual tasks, rest periods, paced, and in-
paced tasks. Personal factors include workers' anthropometric dimensions, age, sex,
body mass index (BMI), existing MSDs, and injuries, while workstation design
involves seat design, seat dimensions, and work surface dimensions. Furthermore,
while work task requirements and personal factors may rarely change, workspace
design can be modified when creating an ergonomic workstation. Ultimately, good
body posture reduces postural strain and stress, enhancing worker comfort. Utilising

anthropometric data in workstation design, along with principles of motion economy


https://www.businesslist.co.ke/location/eldoret
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and seating science, can aid in developing an ergonomic workstation. The ergonomic
design principles that should be integrated into workstation design are discussed in the

following sections (Ahmed, 2018):

Working
posture

Figure 2.3: Postural triangle

2.3.17.2.1 Use of Anthropometric Data in the Workstation Design

The anthropometric data in the Middle East generally, and in Egypt specifically,
possess unique attributes that must be considered when designing an ergonomic
workstation (Eladly et al., 2020). According to M. Ali, et al, (2014), the primary
purpose of ergonomic principles is to create a workstation that achieves an appropriate
balance between workers' anthropometric data and workstation dimensions. The
anthropometric data serve as the foundation for designing an ergonomically fitted
workstation. Typically, designers, engineers, and economists need to apply the
anthropometric data effectively so that at least 90% of users can comfortably use the
workstation furniture. Furthermore, to address specific workstation design challenges,
three general principles must be taken into account: designing for the extreme
individual, designing for the adjustable range, and designing for the average worker,

which are discussed in detail below (Ahmed, 2018):
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2.3.17.2.1.1 Designing for Extreme Individuals

Designing for extreme individuals is an effective strategy, as utilising the maximum
(high) anthropometric data values can accommodate all users. Conversely, designing
for the minimum population value is a suitable approach when the minimum (low)
anthropometric values are considered to accommodate all users. According to a study
by Esmaeel et al., (2020), (2022), for seat depth (SD) design, the 5" percentile of
buttock-popliteal length (BPL) population distribution is recommended to
accommodate all users, as illustrated in Figure 2.4 (2). Furthermore, for seat width (SW)
design, the 95" percentile of hip breadth (HB) population distribution is utilised to

accommodate all users, as shown in Figure 2.4 (3).

PH to SH (1) BPL to SD (2) HP to SW (3)

Figure 2.4: Designing for extreme individuals

Source: (Ahmed, 2018).

2.3.17.2.1.2 Designing for Adjustable Range

The design of the adjustable range is an effective strategy if the critical dimensions can
be adjusted by all users themselves. In the seated work task, the seat height (SH) and
table height (TH) are critical dimensions that should be adjustable by all users. The SH
should not be lower than the popliteal height (PH). Furthermore, the TH must align
with the sitting elbow height (EH). Additionally, when designing workstation furniture

that requires adjustment, it is standard practice to provide adjustments that
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accommodate the range from the 5 percentile female to the 95" percentile male of the
relevant population characteristics. Consequently, the SH is recommended to have an
adjustable range from the 5" percentile female to the 95" percentile male PH, as
indicated in the population distribution to accommodate all users. See Figure 2.4 (1)

mentioned above.

2.3.17.2.1.3 Designing for Average
An individual can be average in one or two dimensions. Designers and engineers often
design for the average as a compromise, as they do not have to deal with anthropometric

data.

2.3.17.2.2 Designing of Workstations

The normal and maximum work areas for seated workers are zones where they can
effectively minimise wasted motion, reduce searching, and maintain a rhythm in their
work environments. The normal task area is defined as the space that can be
comfortably reached with the sweep of the forearm while the upper arm hangs naturally
at the side, while the maximum task area encompasses the reach achieved by extending
the arm from the shoulder. General guidelines for workstation design include:
positioning materials and tools as close as possible within the operator's normal
working area; arranging materials and tools in the order they are used on the assembly
line; utilising gravity whenever possible to facilitate the movement of raw materials to
the operator and to the next workstation; designing the workstation height and other
dimensions to maximise operator comfort; and incorporating foot pedals whenever

feasible (Deschénes, 2017).
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2.3.17.2.3 Science of Seating in Workstation

The people spend a major portion of their time sitting at the office, workstation, in
transport, or elsewhere. Additionally, any inappropriate design of the workstation may
affect people's performance and can also contribute to backaches and other back
problems. The workstation should provide the utmost comfort to all users after sitting
for a few hours. Furthermore, when designing a proper workstation, the following

aspects of seating parameters need to be considered (Ahmed, 2018):

2.3.17.2.3.1 Promoting Lumbar Lordosis

Whenever standing in an erect position, the lumbar portion of the spine (the small of
the back, just above the buttock) is obviously curved inward (concave), a condition
known as lordosis. Conversely, when one is seated with the thighs at a 90° angle, the
lumbar area of the back levels out and may even adopt an outward curve (convex),
resulting in kyphosis. This occurs because the hips rotate only at 60°, forcing the pelvis
to tilt backward around the 30-degree mark to achieve the 90° thigh angle. Furthermore,
lumbar kyphosis may increase pressure on the discs situated between the vertebrae of
the spine. A previous study by Michael et al., (2007) recommended using a forward-
tilting chair to prevent flattening or kyphosis of the lumbar spine. Earlier research by
Bendix, (1984) suggested that the chair should be tilted from 50° backward to 10°
forward above the transverse axis. The forward-tilted chair should alleviate lumbar
symptoms in the lumbar region, and a slanted task surface angled between 10° to 15°
toward the user may enhance the benefits of forward tilting while reducing trunk and
neck flexion in individuals engaged in sedentary work. This should decrease the visual

angle and promote a more upright trunk posture (Bridger, 1988).
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2.3.17.2.3.2 Minimising Disc Pressure

The disc pressure between the vertebrae may be compromised due to excessive disc
pressure and an unsupported sitting posture. For instance, not utilising a backrest can
significantly elevate disc pressure compared to standing. Furthermore, an unsupported
erect sitting posture, such as forced lordosis, may increase disc pressure by 40%
compared to standing, while unsupported sitting in a forward slumped posture can raise
disc pressure by 90% compared to standing. Several factors can help reduce disc
pressure, including the use of a reclined backrest, which has a notable effect on

alleviating pressure on the discs.

2.3.17.2.3.3 Minimising Static Loading of the Back Muscles

The muscular activities, as measured by electromyography (EMG), are similar whether
standing or sitting, and the EMG activities decrease when a person adopts a forward
slumped posture. A reduction in muscular activity in the back occurs when the backrest
is reclined up to 110°, indicating a slight increase in relaxation. Additionally, the effects

of lumbar support on EMG activities have shown mixed results.

2.3.17.2.3.4 Reducing Postural Fixity

Postural fixity is defined as maintaining a sitting or standing position for extended
periods without significant postural movement. The human body is not designed to
remain in one position for long durations. Additionally, the intervertebral discs rely on
changes in pressure to obtain nutrients and eliminate waste, as they lack a direct blood
supply; fluid exchange occurs through osmotic body pressure. Prolonged sitting or
standing in a fixed posture can diminish nutritional exchanges and may lead to
degenerative changes in the discs. This postural fixity results in static loading on the

back and shoulders, potentially causing pain, while also restricting blood flow to the
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legs, which can lead to discomfort and swelling. Chairs that accommodate a variety of
human postures may help reduce both back and MSDs and postural fixity, as illustrated
in Figure 2.5 (a and b). Therefore, prolonged sitting and standing are generally

discouraged to mitigate postural fixity.
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(a) Lumbar, thoracic cervical spines. (b) Chair with lumber and thoracic support.

Figure 2.5: Reducing the postural fixity

Source: (Ahmed, 2018).

2.3.17.2.4 Ergonomically Design Workstation

The reduction of postural strain or stress is fundamental to ergonomic workstation
design, and a multifaceted approach is typically required to create ergonomic
workstations for different workers. A study by Deschénes, (2017) suggested that task
areas should be considered when designing ergonomic workstations to minimise
workers’ wasted motion. Recommendations by Arezes et al., (2015) and other scholars,
such as Imberg Et Al., (2015); Fulder Et Al., (2005); Hambali Et Al., (2021); Kaya,
(2015) also emphasise the importance of considering task areas in ergonomic
workstation design. Similarly, Scott & Erin (2006) highlighted that the Business and

Institutional Furniture Manufacturers Association (BIFMA) ergonomic guidelines and
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ergonomic design principles must be taken into account when designing workstations

for workers.

2.3.18 Workstation Furniture Prototype Testing

The primary goal and achievement of the previous study was to attain high customer
satisfaction through the realisation of ergonomically derived comforts and the
application of product design methodology (research papers ergonomic based design
and survey, 2014). The study's recommendations suggested that such designs could be
implemented in various industries and could be further enhanced with aesthetic
modifications, including motivational colours and images. A prior study by Gross et
al., (2011) emphasised that when designing a chair for workers, it is crucial to ensure
that the chair accommodates the user’s body and maintains a comfortable posture, with
the feet typically resting on the floor. Moreover, when designing products in a virtual
environment, it is easy to lose track of scale, resulting in products that are either too
large or too small. Before any actual production, professionals often create a full-sized
cardboard mock-up of a product to confirm that the proportions are accurate; however,
constructing a full-sized prototype of a designed chair can be challenging for novices.
Research by Fulton & Marsh, (2000) indicated that later in the design process,
prototypes will be subjected to evaluation in user tests. According to Nadadur &
Parkinson, (2013), one method for incorporating comfort considerations is to develop
an experimental design model based on the observed interactions of a sample

population of users with the product prototypes.
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2.4 Simulating the Workstations

2.4.1 Manikin Simulation

In ergonomics and human-factor engineering, the term model is often defined as a
representation, as well as a mathematical or physical system that adheres to specific
conditions and rules, whose behavior is utilised to understand a real (physical, human-
technical, biological, etc.) system that shares certain similarities with the current
system. A previous study by Harari et al., (2017) indicated that it focused on multi-
objective optimisation and manikin simulation to develop an optimisation process for
workstation design that considers both ergonomic and production measures. According
to Blanchonette, (2010), when evaluating workstation design, human factors
(ergonomics) practitioners have traditionally employed various approaches. Moreover,
during the initial stages of the design process, workstation design could be assessed
using 3D drafting mannequins. Furthermore, at a later stage in the design process, a
prototype of the workstation could be constructed, and the design would be evaluated

using anthropometric data models and “live” test subjects.

In the early years of the 1960s, 3D computer-aided design (CAD) engineering and
simulation software became more accessible. Additionally, aerospace and automotive
industrialists recognised the potential for more design processes to occur in a virtual
environment. This recognition led to the emergence of tools aimed at accelerating the
design process while optimising the human-digital machine interface and digital human
modeling in the late 1960s. Today, 3D CAD human digital modeling software is widely
utilised in engineering, automotive, and manufacturing machining industries. As noted
by Rana et al., (2020), virtual ergonomics (human factors) and digital human models
(DHM) have rapidly become significant technologies in workstation design among

various applications.
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2.4.2 Overview of Ergonomics Simulation for Rapid Upper Limb Assessment
(RULA) Test
The RULA analysis was conducted on three different chair models to identify
ergonomically suitable options for Indian users. This task can be expanded by
manufacturing and fabricating the proposed model, followed by validating the design
through experimental work. According to a previous study by Rana et al., (2020),
several studies in the literature focus on postural body analysis using ergonomic
assessment methods such as the RULA analysis (Mahantesh et al., 2023). Additionally,
a prior study by Mohamad et al., (2013) indicated that the working body posture was
developed and reconstructed using the Computer-Aided Three-dimensional Interactive
Application (CASSIA V5) software, after which the RULA assessment was performed.
The RULA analysis revealed several awkward postures that posed high risk factors and
hazards. The risky body postures include postures 1, 2, and 5, which primarily involve
lifting heavy products and excessive bending. In conclusion, this scholar noted that the
RULA assessment successfully identified problematic postures, and further
improvements could be implemented to mitigate discomfort or prevent additional

health issues.

According to the study by Ansari & Sheikh, (2014), the assessment using postural
analysis, such as RULA analysis, indicates that workers are often operating above safe
limits. A significant percentage of workers exhibit awkward postures, placing them at
moderate to high risk of MSDs. Research by Levanon et al., (2014) found the RULA
method to be valid for evaluating computer workers, with one observation being
sufficient to assess work-related risk factors. According to the study by Upasana &
Vinay, (2017), the results of the postural analysis using the RULA method indicate that

over 58%, 60%, and 65% of respondents were at high risk while performing stitching,
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ironing, and cutting activities at their workstations. A previous study by Mohamad et
al., (2013) noted that the RULA analysis is a subjective method for analysing human
body posture, focusing on the upper extremities, particularly the trunk, neck, and upper
limbs. Research by Marshall & Armstrong, (2004) stated that among the more
established methods for evaluating extreme and awkward human body postures are the

OWAS and RULA

2.4.3 The Software Packages for Achieving the RULA Analysis Test

The common 3D human digital modeling software is now widely utilised in the defense,
manufacturing, and automotive industries, including: The Computer-Aided Three-
dimensional Interactive Application (CATIA), JACK, Realistic Anthropological
Mathematical System for Interior Simulation (RAMSIS), SafeWork, System for Aiding
Man-Machine Interactive Evaluation (SAMMIE), Digital Enterprise Lean
Manufacturing Interactive Application (DELMIA) and 3D Static Strength Prediction
Program (3DSSPP) (Nadadur & Parkinson, (2013) and Rana et al., (2020).
Additionally, at the higher end of the market, a variety of powerful and costly human

digital modeling tools are now available (Blanchonette, 2010):

2.4.3.1 Computer-Aided Three-dimensional Interactive Application (CATIA)

To evaluate the human digital model in a virtual environment using digital human
modeling as a CAD software like CATIA (Submitted et al., 2015), the study by
Latinovic et al., (2015) generated a 3D model using the CATIA V5 software to animate
and simulate the models. According to Hambali et al., (2019) the CATIA V5 software
is used for the human digital model (HDM) development and the DELMIA V5 is used

to simulate product design.
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2.4.3.2 JACK human digital modeling tool

The JACK human digital modeling tool (initially called tempus software) was
developed at the Center for Human Digital Modeling and Simulation at the University
of Pennsylvania in the mid-1980s by a team led by Dr. Dr. Norman Badler. The primary
impetus for the development of JACK software was to support the design and
development of workstations, with an emphasis on optimising the human-machine
interface. Funding for the development of JACK software came from various sources,
including significant support from NASA and the United States Army. Furthermore,
JACK software is commonly used across a wide range of manufacturing industries by
companies and organisations such as John Deere, BAe Systems, NASA and the US

Army.

2.4.3.3 Realistic Anthropological Mathematical System for Interior Simulation
(RAMSIS)

The RAMSIS model was developed in the late 1980s as a cooperative effort between

German automobile manufactures Tecmath and the Technical University of Munich,

Germany. RAMSES is widely used in the automotive manufacturing industry for

designing vehicle interiors and exteriors by many companies, including Audi,

Volkswagen, Daewoo, Ford, Honda, Mazda and Renault. Additionally, the Australian

automotive industry and Ford Australia have utilised RAMSES for several years.

2.4.3.4 SafeWork Software
The SafeWork software is extensively utilised in the automotive, manufacturing, and
defense sectors by various companies, including General Dynamics, Daimler Chrysler

and Boeing, along with government organisations such as Defense Research and
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Development Canada. SafeWork was originally developed at Ecole Polytechnique,

Canada during the 1980s and is currently being advanced by Dassault Systemes.

2.4.3.5 System for Aiding Man-Machine Interactive Evaluation (SAMMIE)

The SAMMIE model was initially developed at the University of Nottingham and later
at Loughborough University. It has been applied to a wide variety of the problems
across numerous fields, including tram driver workstations, aircraft cockpit design, and

more.

2.4.3.6 Digital Enterprise Lean Manufacturing Interactive Application
(DELMIA)
The DELMIA human work task simulation is a robust tool designed to create, validate,
and simulate worker activities using the Digital Process for Manufacture (DPM)
planning and simulation infrastructure. Workers perform these activities within a
workstation environment, where they can navigate to specific locations, ascend and
descend stairs, transition between various body postures, climb ladders, follow the
trajectories of kinematic devices or object paths, and automatically grasp, pick, and
place parts in the work area. Users can also establish part relationships to constrain
specific segments of the worker to the parts and tools in the garment environment
(Dassault Systemes, 2008a). Position constraints are stored from the selected segments
to the chosen 3D objects in the garment environment or the standard V5 catalogs. These
constraints are subsequently resolved to update the human body posture for the next
instance, modifying the activity accordingly. DELMIA’s virtual ergonomics can be
integrated with DELMIA’s DPM assembly to analyse the relationships between
workers and other entities within the simulation object. They can also be simulated and

validated using powerful process simulation tools and capabilities within the DPM.
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This allows users to test and optimise multiple alternatives for tasks that must be
accomplished in specific manufacturing, maintainability, and assembly environments

(Dassault Systemes, 2008b).

2.4.3.7 3D Static Strength Prediction Program (3DSSPP)

The 3DSSPP software predicts the static strength required for tasks such as pressing,
lifting, pushing, and pulling. The program offers an estimated job simulation that
incorporates human body posture data, force parameters, and male or female
anthropometric data. The DHMs are rapidly becoming an effective tool for conducting
proactive ergonomics design and analysis. DHM software, such as: The JACK,
SafeWork, RAMSIS, SAMMIE and the 3DSSP, is designed to assist designers early in
the product development process, particularly when they are working to improve the
physical design of vehicle interiors and manufacturing workstations (3D Static Strength
Prediction Program, (1996). These tools, as previously mentioned, feature human
models (manikins) with complex kinematic linkages that closely resemble the human
skeletal structure, joints that adhere to physiological motion limits, and a geometric

shell that accurately reflects the human shape.

The models of the human body (manikins) can be developed based on recent
comprehensive civilian and military anthropometric surveys. The SafeWork software
accommaodates over 100 anthropometric variables, including buttock-knee length, foot
length, stature, and span (Chaffin, 2007). The workspace software can be created and
modified using a variety of native modeling tools along with libraries of standard
objects, such as workstation furniture. Additionally, the workspace software can be
imported from third-party software packages. A range of human body factors analysis

equipment is available to support workstation assessment. For instance, reach
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envelopes can be created, and collision detection algorithms may be employed to

determine if a task was completed safely (Chaffin, 2007).

2.4.4 Finite Element Analysis (FEA)

2.4.4.1 The FEA Overview

The FEA is a numerical analysis method used to address challenges in various
engineering fields, including machine design, acoustics, electromagnetism, fluid
dynamics, soil mechanics, and more. Mathematically, FEA is a numerical technique
employed to solve numerous field problems represented by a set of partial difference
equations. In mechanical engineering, FEA is extensively utilised for resolving
structural, thermal, and vibration issues. While FEA is a prominent tool for numerical
analysis, other methods such as the finite difference technique, boundary element
technique, and finite volume technique also exist. Due to its versatility and numerical
efficiency, FEA has come to dominate engineering analysis within the CAD software
market. Other methods have been relegated to niche applications; when integrated into
modern marketable 3D software, both FEA theory and the numerical problem

formulation become entirely transparent to the user (Mahantesh et al., 2023).

The FEA is a reliable numerical method for analysing engineering designs,
transforming a complex problem into several simpler ones. According to Mod & As
(2021a), the FEA is a numerical technique for addressing issues in mathematical
physics and engineering design. It is particularly useful for tackling problems with
intricate geometries, material properties, and loadings where analytical solutions may
not be feasible. The FEA employs virtual simulation technology to assess how a product
design responds to physical effects, including vibration, bending, fluid flow, heat, and

other impacts. According to Madara et al., (2016), the FEA is a computational technique
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used to derive estimated solutions for boundary or field value problems in engineering
design. The FEA was selected as one of the best tools for this study because it enables
us to identify the optimal design with a high degree of confidence. An earlier study by
Haraga & Goantd, (2017) noted that the FEA is a significant computerised numerical
technique that provides approximate solutions for structural and thermal analysis across
various application areas. Additionally, a previous study by Mahantesh et al., (2023)
stated that the FEA is a numerical tool used to analyse physical phenomena in fluid and
solid mechanics, as well as in the structural field, and is employed for solving boundary
problems. In the workstation furniture industry, the FEA is utilised to determine

strength, equivalent stress, and total deformation.

A previous study by Sciences, (2014) observed that the finite element models produced
exhibited values close to the actual behavior of chair frames. Furthermore, the highest
strains and deformations occurred in models lacking a stretcher. Therefore, the use of
stretchers is expected to decrease the deformation and strains of chair frames under
loads, consequently reducing material consumption in workstation manufacturing.
According to Mustafa (2012) in the literature review, the first research on the FEA in
workstation furniture design dates back to 1966. A previous study by Haraga & Goanta,
(2017) focused on the FEA in a multi-functional armchair, which had the following
main specific objectives: to select eco-friendly materials commonly used in furniture
manufacturing; to implement adaptive mesh refinement; to visualise the results of
structural analysis; to reduce the global error rate; and to provide reasonable estimates.
Current research by Ceylan et al., (2021) aimed to provide significant information about
the cyclic loading performance of wooden chairs and to demonstrate the application of

structural analyses through the FEA in workstation furniture manufacturing. According
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to previous research by Mahantesh et al., (2023), the FEA was conducted on three

different chair models to achieve an ergonomically suitable chair for Indian users.

2.4.4.2 Finite Element Analysis (FEA) Used by Design Engineers

The FEA is a powerful engineering analytical tool useful for solving a range of
problems, from the very simple to the highly complex. Additionally, design engineers
utilise the FEA during the workstation product development process to analyse the
design in progress. The time constraints and limited availability of workstation product
data necessitate numerous simplifications of the computer models. Conversely,
specialised analysts employ the FEA to tackle intricate problems, such as vehicle crash
dynamics, airbag deployment, and hydroforming. Moreover, modern design is
conducted using SolidWorks, making the model the starting point for FEA analysis.
Since the models describe the geometric information for the FEA, it is essential to
understand how to prepare the model geometry to produce accurate FEA results and
how these models differ from the FEA models. Meanwhile, the FEA is a design
engineering tool that should be used concurrently with the design engineering process.
It should also drive the design engineering process rather than follow it (Mahantesh et

al., 2023).

2.4.4.3 Objectives of the Finite Element Analysis (FEA) for the Design Engineers
The ultimate goal of utilising the FEA as a design engineering tool is to transform the
design engineering process from repetitive cycles of design, prototyping, and testing
into a streamlined process where prototypes are not employed as design engineering
tools and are only required for final design validation. Additionally, with the
implementation of the FEA, design engineering iterations are shifted from the physical

realm of prototyping and testing to the virtual domain of computer engineering
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simulations, as illustrated in Figure 2.6. Furthermore, traditional product development
relies on prototypes to support ongoing design engineering. In simulation-driven
product development, numerical models are used instead of physical prototypes to
guide the development. Whenever a simulation FEA is influenced by the product design
engineering process, the prototype is not included as part of the iterative design

engineering loop (Haraga & Goanta, (2017).

Traditional Product Simulation Driven Product
Design Process Design Process
o - —_—, o .
Design CAD Simulation
Prototyping Prototyping
Testing Testing
Production Production

Figure 2.6: Traditional and simulation driven product development

2.4.4.4 Limitations of the Finite Element Analysis (FEA) for Design Engineers

A clear question arises: Would it be better to have a dedicated specialist perform the
FEA while allowing designers and engineers to focus on what they do best for new
product designs? The answer depends on the size of the business, company
organisation, products, culture, and many other tangible and intangible factors.
Furthermore, there is a general consensus that design engineers can handle relatively

simple types of analysis, but they should do so quickly and reliably. Moreover, analyses
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that are very complex and time-consuming cannot be executed alongside the design
engineering process. These are often better managed by a dedicated analyst and/or

contracted out to specialist consultants (Haraga & Goanta, 2017).

2.5 Optimising Workstations

2.5.1 An Overview of Optimisations

Optimisation plays a crucial role in both design and mechanical engineering. An
optimisation process assists designers and engineers in meeting technical requirements
while reducing material and industrial costs (Tien et al., 2021). Furthermore, traditional
automatic structures are often optimised based on experimental results. In this manner,
a design must be fabricated and tested multiple times to identify the optimal
configuration for the workstation. This leads to increased costs and extends the design
time needed to develop a new product, potentially causing a company to fall behind in
the market race. Additionally, a previous study by Scurtu et al., (2015) indicated that
various engineering design optimisation methods have been explored, which can be
utilised to create the optimal design of workstation furniture based on existing

requirements.

2.5.2 Designing Optimisation

The FEA packages are primarily parametric and include components such as the airfare
intercostal, webs, ribs, etc. Additionally, the design can be modeled using the variables.
Geometrical shape optimisation can be achieved with FEA, which is very useful in
reducing the number of iterations needed for an optimal design and minimising
engineering design hours. Strength and stiffness optimisation can also be performed
through FEA packages, which can decrease the overall weight of a furniture structure

(Javidinejad & Ph, 2021).
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2.5.3 Optimisation Analysis

The optimisation analysis automates the search for the optimal design. Additionally,
the SolidWorks simulation software enables designers and engieers to vary a single
design variable to identify the best solution for that specific criterion. SolidWorks also

offers further optimisation capabilities such as (Systemes, 2021):

2.5.3.1 The Manual Process
In the quest for the optimal design, it is necessary to manually test various dimensions,
geometric configurations, materials, loads, and fixtures. Each time a change is made,

designers and engineers must rerun the study and analyse the results (Systemes, 2021).

2.5.3.2 The Automated Process

The optimisation analysis automates the manual procedure for the specific
configuration (Systemes, 2021). Trends can be detected swiftly, allowing for the
identification of the optimal solution in the fewest number of test runs. Furthermore,
the optimisation analysis requires the following inputs, as shown in Table 2.4 below:

Table 2.4: Requires for optimisation analysis (Systemes, 2021)

States the objective, or goals, for example, the designer/engineer

Objective _ o _
should specify minimum material.
Design - . .
) Selects the dimensions, or variables, that can change and set their

Variables ) ) ) )

ranges. For example, the designer/engineer specify that the diameter of
or

a hole can vary from 0.5 inch to 1.0 inch while the extrusion of a sketch
Geometry

) can vary from 2.0 inch to 3.0 inch.
Constraints

Sets the conditions, or constraints, that the optimum design must
Behavior satisfy. For example, the designer/engineer specify that stresses,
Constraints  displacements, temperatures should not exceed certain values and the

natural frequency should be in a specified range.
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2.5.3.3 The Output
The output of the SolidWorks simulation aims to identify the optimal solution that

meets the geometric and behavioral constraints (Systemes, 2021).

2.6 Fabricating Workstations

2.6.1 Overview of Workstation Furniture Manufacturing Systems

In general, workstation furniture encompasses both decorative art and design. Beyond
its utilitarian role, workstation furniture has also served a symbolic and religious
purpose in human civilisation. It is crafted from various types of materials, and its
construction has evolved from primitive tools to techniques based on woodworking
joints that reflect local culture and the craftsman's skills. In the early days,
manufacturing workstation furniture was time-consuming, as craftsmen transformed
ideas into tangible products using rudimentary tools (Bambura et al., 2020; Miller,
1989; and Ratnasingam, et al., 2020). Research by Miller, (1989) indicated that the
industrial revolution, marked by the advent of electric power and mechanical wood
processing technology, prompted the evolution of workstation furniture manufacturing
to keep pace with advancements. Furthermore, power tools and machines were
integrated into the manufacturing processes, and the craftsman’s skills were surpassed
by the precision and speed of technology. However, many woodworking mechanisms
were adapted from the principles of metalworking machines. Nonetheless, this
adaptation completely revolutionised workstation furniture and the woodworking

industry.

According to Ratnasingam et al., (1999), the advent of machine woodworking led to
improved design and manufacturing productivity in the workstation furniture and

wood-based manufacturing industry. Two important characteristics of machine
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woodworking applications are faster production rates and increased machining
accuracy, which skilled craftsmen had not been able to achieve, particularly for
repetitive operations. Previous studies by Ratnasingam, (2022) and Simek & Sebera,
(2010) indicate that the introduction of information and computer technology into the
workstation furniture and woodworking industries further revolutionised the sector.
Additionally, a previous study by Zhao & Li, (2014) stated that the combination of
these technologies enabled manufacturers to enhance their design and manufacturing

processes to levels of speed and accuracy that had not been reached before.

Furthermore, SolidWorks software is a powerful tool that enables designers and
engineers to visualise, improvise, and modify designs quickly on computer screens.
Additionally, it allows for the depiction of workstation furniture designs, significantly
enhancing design ideation and product development. The improved clarity of design
ideas, along with the ability to rotate, modify, and render colours swiftly, means that
the lead time for workstation product development is significantly reduced. Moreover,
the CAD software enhances creativity, speed, precision, and accuracy in product
development while lowering costs (Kaprol, 2016; Miller, 1989; Das, 1996;
Ratnasingam et al., 2020; Eyers & Potter, 2017; Koren et al., 2017; Csanady et al.,

2019; Release, 2011; Mohammadi et al., 2020; Quesada & Gazo, 2006).

Research by Gawronski, (2013) stated that the interface between computers and
machines through computer languages, such as G-codes and M-codes, resulted in
computer-controlled machines. For instance, the Computer Numerical Controlled
(CNC) routers, guided by CAD data, perform machining operations with high precision
and quality finishes. The CNC workstations have replaced humans in several repetitive
tasks across numerous industries and allow a variety of machining operations to be

executed with quick automated tool changes. The CNC router easily machines
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mechanisms and decorative parts for workstation furniture once the desired shapes and
dimensional data are programmed into the computer. According to Yao & Carlson,
(2003), workstation furniture manufacturing systems have correspondingly evolved
over time. Moreover, traditional craftsmanship has been supplanted by technology to
facilitate mass production systems. These mass production systems were simplified by
machine technology, enabling furniture products to be manufactured in large quantities
with minimal diversity. The manufacturing flow is continuous, where every
workstation and operation on the product is carried out as it moves along the line until

completion, as seen in Figure 2.7.

According to a previous study by Mohammadi et al., (2020), as the demand for product
diversity increased—particularly in fashion-sensitive items such as workstation
furniture—the batch production system evolved. This system is characterised by small
production quantities alongside greater product diversity. Furthermore, with the advent
of Industry 4.0 nearly a decade ago, the batch size-1 production system was introduced
in the furniture manufacturing sector. Batch size-1 production represents a
fundamentally different model from traditional mass production. As batch sizes
decrease, machines must become more flexible and intelligent. Manufacturers need to

adapt their equipment, methods, and planning for workstation furniture production.

A study by Hunter, (2008) highlights that, despite the constant availability of
technological advancements in the marketplace, one aspect of the production system is
occasionally tailored to meet individual customer requirements for unique workstation
furniture pieces. For example, replicating antique workstation furniture using
exceptional raw materials is essential to create a one-of-a-kind replica of the highest

quality. Craftsmanship, aesthetic appeal, and the expertise of master craftsmen are
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indispensable in this process. Furthermore, such a production system remains rare due

to the scarcity of master craftsmen and the high costs involved.

Batch
Production

Industry 4.0

Figure 2.7: Evolution of the workstation furniture production system

2.6.2 Workstation Furniture Design Process

Workstation furniture design is the process of conceptualising a new product that can
be manufactured and sold to customers. The ideas generated through a market-sensitive
thinking process often lead to the development of innovative workstation furniture
products (Miller, 1989; and Ratnasingam et al., 2019). Figures 2.8 and 2.9 illustrate the
various steps involved in the workstation furniture design process. Moreover, the scope
of innovations within the workstation furniture industry is relatively limited, with most
sources of innovation being external. It must be emphasised that without innovation,
the opportunity to advance further along the value chain diminishes. Workstation
furniture designers conceptualise and evaluate ideas, transforming them into tangible
inventions and novel products (Kandu¢ & Rodi¢, 2015, Desch & Dinwoodie, 1996,
Stokke, 2013, Zhao et al., 2022, Musgraves et al., 2019, Ratnasingam & Scholz, 2004,
Huang & Intarakumnerd, 2019; Xu et al., 2015, Ratnasingam, (2022, Ciupan et al.,
2018, Staneva et al., 2018; Dutta & Sharma, 2023, Csanady et al., 2019, and Kumar,

2018).

In the previous research by Xiong et al., (2017), it was stated that the role of workstation

furniture designers is to blend science, art, and technology to create innovative
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workstation furniture products for users. Additionally, their evolving role has been
enhanced by advancements in digital tools and technology, which now enable
workstation furniture designers to visualise, communicate, analyse, create 3D models,
conduct rapid prototyping, utilise 3D printing, and analyse big data to predict consumer
behavior. Furthermore, these advancements have significantly reduced the lead time

from design concepts to tangible prototypes.

Figure 2.8: Workstation Furniture Design Ideation Process

Figure 2.9: Workstation furniture design process
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2.7 Research Gaps

Limited to the aforementioned literature review, previous researchers Al-Hinai et al.,
(2018) recommended that the compatibility between workstation dimensions and
workers' anthropometric characteristics is a key factor in enhancing workers' physical
responses. Additionally, numerous researchers worldwide, including Chung & Wong,
(2007), Milanese & Grimmer, (2004), Saarni et al., (2007, Castellucci et al., (2015),
Dianat et al., (2013), Gopura & Amarasena, (2008), and Taifa & Desali, (2017), have
confirmed a clear mismatch between workers' anthropometric characteristics and
workstation dimensions. The design of workstations in the garment industry often lacks
adequate consideration of anthropometric measurements. This mismatch can lead to
MSDs and negatively impact working efficiency due to prolonged sitting in
uncomfortable positions. Furthermore, ergonomically redesigned workstations are
known to reduce MSDs and enhance the motivation of garment workers in their work
environment. This research will address existing gaps by establishing an ergonomic
redesign of sewing workstations for garment manufacturing based on selected
anthropometric data at REAL, Eldoret, Kenya. This will ensure comfort, safety,
adaptability, and suitability, improve productivity, and ultimately guarantee user

satisfaction while reducing MSDs and work-related risks and hazards.
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CHAPTER THREE: RESEARCH METHODOLOGY
3.0 Introduction
This third chapter of the current thesis discusses the methods employed to achieve the
objectives of this research. Furthermore, the experimental section can be detailed

according to the specific objectives in the following sub-sections, as illustrated in

Figure 3.1.
\
» Assessing work-related risks and hazards for garments-making
Section workers at the sewing workstation.
3.1: J
~
« Determining the relevant anthropometric dimensions from garments-
Section making workers at the sewing workstation.
3.2: )
~
» Redesigning a workstation for garments-making workers at the
Section sewing operations.
3.3: Y,
\
« Simulating the redesign of workstations for garments-making
Section workers at the sewing operation.
3.4: J

» Optimizing the redesign of workstations for garments-making
Section workers at the sewing operation.

3.5:

* Fabricating the redesign of workstations for garments-making
Section workers at the sewing operation.

3.6:

Figure 3.1: Sub-sections of the research methodology
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3.1 Assessing Work-Related Risks and Hazards for Garments-Making Workers
at the Sewing Workstation

3.1.1 Introduction

The Rapid Entire Body Assessment (REBA) serves as a comfort analysis tool and a
means to evaluate the risk of Work-Related Musculoskeletal Disorders (WRMSDs).
Furthermore, to assess the ergonomics of a sewing workstation, it is essential to
understand the characteristics of the worker who will be using it. To achieve the first
specific objective of this research, the entire methodology can be outlined in the

following section:

3.1.2 Rapid Entire Body Assessment (REBA) Procedure Methodology
Assessment utilising the Rapid Entire Body Assessment (REBA) method has been
carried out by Dr. Hignett and Dr. Mcatamney through multiple stages, as illustrated in

Figure 3.2 (Kusuma, 2020; Wibowo & Mawadati, 2021):

Determination of the weight of
the object that is lifted,

coupling, amnd the workers®
activities.

Figure 3.2: Rapid Entire Body Assessment (REBA) procedure methodology
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3.1.2.1 Collecting the Workers’ Posture Data Using Documentation (Photos)

To obtain a detailed description of the workers’ attitude (posture) and their neck, back,
arms, wrists, and feet. The recorded photos involve using a camera and/or camcorder
to capture images of the worker and the equipment utilised by them. Furthermore, in
order for the researcher to effectively assess combined movement, the photo analysis
should be conducted at a 90° angle to the subject. Thus, the manual goniometer can be
used most efficiently. This allows the researchers to break down the procedure step by
step. Additionally, it was carried out by documenting the workers’ body posture
(photos) as illustrated in Figure 3.3. Consequently, the researcher obtains detailed
(valid) body posture data from the recorded photos, as well as accurate data from the
calculation and subsequent analysis stages. The photos can also be utilised to ensure

that the angles to be measured appear in accurate magnitude in the images.

Figure 3.3: Postures adopted during working at the existing sewing workstation
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3.1.2.2 Determination of the Angles of the Workers’ Body Part

After recording the photos of the workers’ postures, the angles of each body segment
were calculated, including the back, neck, upper arms, forearms, wrists, and feet.
Additionally, in the implemented REBA method, the body segments were divided into
two groups: group A and group B. Group A consists of the back, neck, and knee, while
group B includes the upper arms, lower arm, and wrist. Furthermore, based on the angle
data of the body segments in each group, the scores for group A and group B can be
found in Tables 3.1 and 3.2, as well as in Figure 3.4, referencing the REBA employee

assessment worksheet.



Table 3.1: Determination of the angles of the workers’ body part (Group A)

The score of neck movement

Movement Score Change score Figure Reference
0° — 20° flexion 1 —i
T N @
:H'“‘H-. - ;':' 04:
e : ; TG :
> 20 flexion or in extension 2 +1 if twisting or side flexed { 7){9 EQW Beatrix, (2021).
The score of back movement
Movement Score Change score Figure Reference
Straight/natural/upright 1 ® © ®
0% — 20° flexion 5 o
0° — 20° extension ' McAtamney &
20 — 60 flexion +1 if twisting or side flexed :
> 200 extension 3 Hignett, (2004).
> 60° flexion 4
The score of knee movement
Movement Score Change score Reference
. : ©
Th_e feet is s_upported, the Iqad 1S +1 if the knee(s) between 30°and '
uniformly distributed, walking or 1 60° flexion
sitting ' Wibowo &
Mawadati,
The feet is supported, the load is not (2021).
uniformly distributed, and the body 2 2+ if the knee(s) are > 60° flexion.

posture is unstable.
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Table 3.2: Determination of the angles of the workers’ body part (Group B)

The score of upper arm movement

Movement Score Change score Figure Reference
20° extension to 20° flexion. 1 +11if the position of the arm is Fan et al.,
abducted or rotated (2022)
0 g 0_ 40 '
= AU GBI {ind/or AV S6E 2 +1 if the shoulder is raised Kusuma,
flexion. (2020), and
45°—90° flexion. 3 -1 if leaning, supporting weight of MeAtam
. arm or if body posture is gravity i tamney &
> 90° flexion. 4 : Hignett, (2000).
assisted
The score of lower arms movement
Movement Score Change score References
60° — 100° flexion. 1
McAtamney &
Hignett, (2004),
< 60° flexion or > 100° flexion. 5 No change should be done. and Wlbow_o &
Mawadati,
(2021).
The score of wrists movement
Movement Score Change score Figure Reference
0%— 15%flexion / extension. 1
@ » 15
o . . ey ) McAtamney &
> 159 flexion / extension. 5 +1 if wrists are deviated or twisted. ozt H:% ______ 0 Hignett, (2000).
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3.1.2.3 Determination of the Weight of the Object that is Lifted, Coupling and the
Workers’ Activities

To calculate the score for each body segment, several additional factors must be

considered, including the weight lifted, coupling, and the workers' activities.

Furthermore, each of these factors has its own scoring category, as illustrated in Table

3.3 and Figure 3.4.

Table 3.3: Determination of the weight, coupling and the workers’ activities

Weight Score Reference
<5kg 0
5-10 kg 1 Wibowo &
> 10 kg 2 Mawadati,
Shock or rapid build-up of 1 (2021).
force

Coupling score Action Reference
Well-fitting handle and a mid-
range-power grip.

Hand hold acceptable, but not
1 Fair ideal; or coupling is acceptable
via another part of the body.
Hand hold not acceptable,
although possible.
Coupling is unacceptable if
using other parts of the body.

0 Good

McAtamney &
Hignett, (2004).
2 Poor

3 Unacceptable

Activity description Score Reference
One or more parts are static,
e.g., holding more than 1 +1
minute.
Repeated small range action,

Ansari & Sheikh,

e.g., repeated more than 4 +1 (2014),

times per minute.
Action cause rapid large
range changes in postures or +1
an unstable base.
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3.1.2.4 Calculation of the REBA Score for Posture

After obtaining the scores from Table A, they should be added to the weight of the load
lifted, resulting in the part A score. Meanwhile, the scores obtained from Table B should
be combined with the score from the coupling Table, leading to the part B score.
Additionally, part A and part B scores are used to calculate the part C score based on
Table C. Furthermore, the final REBA score is derived from the sum of the part C scores
and the scores of the workers’ activities. See Table 3.4 and Figure 3.4.

Table 3.4: Calculation of the REBA score for posture (Middlesworth, 2014)

1 2 3 4 1 3 4 1 2 3 4
1 1 2 3 4 1 2 3 4 3 3 5 6
2* 2 3 4 5 3 4* 5 6 4 5 6 7
3 2 4 5 6 4 5 6 7 5 6 7 8
4 3 5 6 7 5 6 7 8 6 7 8 9
5 4 6 7 8 6 7 8 9 7 8 9 9
1 2%
1 2 3 1 2* 3
1 1 2 2 1 3
2% 1 2 3 2 | 3* 4
3 3 4 5 4 5 5
4 4 5 5 5 6 7
5 6 7 8 7 8 8
6 7 8 8 8 9 9
1 2 |3%| 4 5 6 7 8 9 10 | 11 12
1 1 1 1 2 3 3 4 5 6 7 7 7
2 1 2 2 3 4 4 5 6 6 7 7 8
3 2 3 3 3 4 5 6 7 7 8 8 8
4* 3 4 | 4% | 4 5 6 7 8 8 9 9 9
5 4 | 4 4 5 6 7 8 8 9 9 9 9
6 6 6 6 7 8 8 9 9 10 | 10 | 10 10
7 7 7 7 8 9 9 9 10 10 | 11 | 11 11
8 8 8 8 9 10 10 10 10 10 | 11 | 11 11
9 9 9 9 | 10 10 10 11 11 11 12 | 12 12
10 10| 10 | 10 | 11 11 11 11 12 12 12 | 12 12
11 111111 |11 12 12 12 12 12 12 | 12 12
12 12 | 12 | 12 | 12 12 12 12 12 12 12 | 12 12
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3.1.2.5 Check the Results of the REBA

The final score of the REBA is categorised into five degrees of ergonomic risk severity:
score 1 indicates negligible risk, with no action necessary; scores 2 to 3 represent low
risk, suggesting that changes may be needed; scores 4 to 7 indicate medium risk,
requiring changes soon; scores 8 to 10 signify high risk, necessitating investigation and
implementation soon; and score 11 denotes very high risk, demanding immediate
change. Based on the required level of action, it is evident that addressing the risk levels
associated with muscles and actions is essential to reduce the risk of work-related
injuries and enhance work quality. Additionally, the application of the REBA method
and the corresponding risk levels can be found in Table 3.5 and Figure 3.4, referencing
the REBA employee assessment worksheet.

Table 3.5: REBA action level

REBA REBA Action
Risk level References
level score description
0 1 Negligible ~ None necessary.
Fan et al., (2022), Hignett &
1 2-3 Low May be necessary.
McAtamney, (2000),
2 4-7 Medium Necessary.
Kusuma, (2020), and Sheba
3 8-10 High Necessary soon.

et al., (2009).
4 11+  Very high Necessary now.
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More: gan | M axwell REBA Employee Assessment Worksheet Cg

Higmestt, 5. and McAtamney, L. waped Entire Body sment REBA, Appbed Ergonomics, 31, 201-5.
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Figure 3.4: REBA Employee Assessment Worksheet

Source: (Mcatamney & Hignett, 2000; Middlesworth, 2014).
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3.2 Determining the Relevant Anthropometric Dimensions from Garments-
Making Workers at the Sewing Workstation

3.2.1 Introduction

To determine the relevant anthropometric measurements for the workers from REAL,
Eldest, Kenya, is the second specific objective of this research. Anthropometric data
was collected from garment workers. Additionally, eleven anthropometric
measurements (sitting height, shoulder height sitting, popliteal height sitting, elbow
height sitting, buttock popliteal length, buttock knee length, thigh clearance, eye height
sitting, knee height sitting, forearm fingertip length, and hip breadth sitting) were taken
from workers using anthropometric tools. This research applied fundamental
engineering principles of product design and was conducted in compliance with ISO
7250-1:2017 (Basic human body measurements for technological design part 1: Body
measurement definitions and landmarks), which was sourced from the Kenya Bureau
of Standards (KEBS) website; see Appendix Il1 for the 1ISO standard. Furthermore, the
anthropometric data from workers was compared using a one-way ANOVA analysis
test. Additionally, the data obtained was analysed using Minitab software to determine
the mean, standard deviation, minimum, maximum, 5%, 50" and 95" percentiles.
Moreover, to achieve the second specific objective of this research, the entire

methodology can be followed using the procedure outlined in Figure 3.5.
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Figure 3.5: Main steps of the anthropometric measurements
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3.2.2 Ethical Consideration

An introductory letter from the head of the department was addressed to the managing
director of REAL, as seen in Appendix IV, and the REAL factory was approved to
engage with the research, as noted in Appendix V. Approval for data collection was
obtained from the ethics committee of the National Commission for Science,
Technology and Innovation (NACOST]I), Republic of Kenya, as indicated in Appendix
V1. Additionally, the roles of the participants in the current research were explained and
discussed, along with the fact that the research had received ethical approval and posed
no harm to the participants. Furthermore, consent from the workers was obtained prior
to the commencement of the measurements, and the participants were informed about
the anthropometric measurements, enabling them to understand the study's aims and
objectives clearly. The female data was collected in accordance with local cultural

practices (a female assistant was hired to measure the female workers).

3.2.3 Sample Determinations

The total number of workers included in this research was one hundred thirty-four
(134), comprising both male and female employees from the sewing workstation
department at REAL, Eldoret, Kenya. Additionally, the sample size for this study was

calculated using equations (3.1) (Madara, 2016; Homkhiew et al., 2012):

72 « P (1-P)
o o2
Sample-size = W ............................................................... (3.1)
eZN
Whereby:

N is total number of the workers, which is 134 (both male and female).
Z isthe standard normal deviation for a 95% confidence level (the Z-score of 95% is

the 1.96),
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is the proportion in the target population estimated to possess a particular
characteristic. For instance, if P is considered to be 50%, then (1-P) represents the
proportion in the target population lacking that characteristics.

is the margin of error (degree of accuracy) required, typically set at 5% level as
established by Homkhiew et al., (2012). To determine the appropriate Z-score, it
is advisable to refer to Table 3.6 as well as Figure 3.6.

Table 3.6: The Z-score is based on the desired confidence level

Desired confidence level (%) Z-score Reference

80 1.28

85 1.44

90 1.65  Berengolts & Lindenbaum, (2004).
95 1.96

99 2.58

Confidence Level: 5%
al =002 al =005

~z,n = 19 z=( z,n = 196

Figure 3.6: Confidence level of 95%

Source: (Berengolts & Lindenbaum, 2004).
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(1.96)2 0.5 (1-0.5)
(0.05)2
(1.96)2 % 0.5 (1—0.5)
(0.05)2 x 134

The sample size, in this present research was = = 100.

Therefore, the sample size was 100 (50% male and 50% female) workers.

3.2.4 Body Dimensions

Redesigning the sewing workstation requires direct involvement of anthropometric
measurements. Various researchers (Habib, 2015; Patil et al., 2017; and Rittel, 2010),
suggested that the body dimensions essential for redesigning a sewing workstation,
specifically the sewing chair and adjustable sewing machine table for garment-making
workers, should be considered. All anthropometric data collected was based on ISO
7250-1:2017. The actual dimensions of the sewing workstation were determined by
measurements of the human body. Likewise, the two most relevant anthropometric
measurements for the sewing chair redesign are the popliteal height sitting and buttock
popliteal length (Esmaeel, 2021). The popliteal height sitting is the distance from the
underside of the foot to the underside of the thigh at the knees, and it is sometimes
referred to as “stool height”. The term "sitting height” is reserved for the height to the
top of the head when seated. Conversely, the popliteal height, after adjusting for heels,
clothing, and other factors, is used to determine the height of the sewing chair seat.
Similarly, according to Igbokwe et al., (2019), the buttock popliteal length is the
horizontal distance from the rearmost part of the buttocks to the back of the lower leg.
This anthropometric data was used to determine the seat depth. Based on the 1ISO 7250-
1:2017, therefore, Table 3.7, shows the serial number and descriptions of the selected
worker’s body dimensions. Additionally, see Appendix VII for basic workers' body
dimensions and their significance. Figure 3.7 illustrates the exact location of all selected

eleven anthropometric dimensions.



Table 3.7: Selection of body dimensions to be measured for workstation redesign

No. SINO. Basic workers' bod
According to di . y Description according to 1SO 7250-1:2017 Reference
imensions
1SO 7250
1 o . The vertical distance from a horizontal sitting surface to
St ST e (E0E) the highest point of the head (vertex).
2 6.2.4 Shoulder height, sitting The vertlc_al distance from a horizontal sitting surface to
the acromion.
3 The vertical distance from the foot-rest surface to the
6.2.11 Popliteal height, sitting lower surface of the thigh immediately behind the knee
bent at right angles.
4 The vertical distance from a horizontal sitting surface to
6.2.5 Elbow height, sitting the lowest bony point of the elbow bent at a right angle
with the forearm horizontal.
5 Buttock popliteal length The horizontal distance from the hollow of the knee to the
6.4.7 : Esmaeel &
(seat depth) rearmost point of the buttock.
5 The hori | di f he f int of th Order, (2017)
6.4.8 Buttock knee length e horizontal distance from the foremost point of the
o knee-cap to the rearmost point of the buttock.
7 . The vertical distance from the sitting surface to the
i U BB highest point on the thigh.
8 . . The vertical distance from a horizontal sitting surface to
6.22 Eye height, sitting the outer corner of the eye (ectocanthus).
9 . _ The vertical distance from the floor to the highest point of
R AGIEE T ST the superior border of the patella (suprapatella, sitting).
10 The horizontal distance from olecranon (back of the
6.4.6 Forearm fingertip length  elbow) to the tip of the middle finger, with the elbow, bent
at right angles.
11 6.2.10 Hip breadith, sitting The breadth of the body measured across the widest

portion of the hips.
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Keys:

1 Sitting height (erect) 7 Thigh clearance References
2 Shoulder height sitting 8 Eye height, sitting Kapuria,
3 Popliteal height, sitting 9 Knee height, sitting (2018),
4 Elbow height, sitting 10 Forearm fingertip length | Esmaeel &
5  Buttock popliteal length ) o Order, (2017).

11 Hip breadth sitting
6 Buttock knee length

Figure 3.7: Anthropometric data required in sewing workstation redesign

3.2.5 Anthropometric Measurements Procedure

Anthropometric measurement procedures are (Johan & Renate, 2005; Castellucci et al.,
2014): First, before commencing the anthropometric measurements, several activities
should be undertaken, such as identifying the target population, defining the sample
size, determining the anthropometric data, preparing the assessment team(s), and
obtaining approval from the ethics committee. Second, during the anthropometric
measurements, it is crucial to adhere to a standard procedure. Third, after collecting the
anthropometric measurements, it is essential to verify the data by observing the mean,
standard deviation (St. Dev.), minimum (min), maximum (max), 5", 50", and 95"

percentiles. In general, the sample size was randomly collected from garment workers
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at REAL, Eldoret, Kenya. Additionally, the body size of each worker was assessed
using standard anthropometric measurement techniques, adapted from various
researchers' findings on anthropometric body dimensions relevant to the working
posture at a workstation. Similarly, measurements were taken from participants at a
fixed date and time during their free time. In this research, all dimensions were
measured while the workers sat erect on an adjustable desk with their knees bent at 90°.
Each worker was asked to sit at the adjustable desk, which was modified to ensure
maximum comfort. Furthermore, all anthropometric measurements were taken from the
right side of the subjects while they are seated, with subjects wearing light clothing
(shorts and t-shirts) in a relaxed and erect posture, without shoes to ensure quick and
accurate measurements of the human body, as illustrated in Figure 3.8. The time
required to complete all measurements for each subject was approximately 10 to 15
minutes. Additionally, measurements were taken every working day for 20 days in July
2023. Correspondingly, the workers' measurements were conducted in a quiet area
rather than in the sewing department. All anthropometric measurements were recorded

in centimeters (cm).

Figure 3.8: Measurements in a sitting position
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3.2.6 Measuring Instruments and Materials
To measure the various body dimensions of workers, there are several techniques and
tools that are commonly used. Some of the methods include: (1) 3D scanners, which
are quite expensive and not accessible to all researchers; and (2) traditional
anthropometric tools, which are considered simpler, cheaper, and more accessible to
many researchers compared to 3D body scanners. Additionally, it is well-known that
using standard mechanisms may yield more accurate results. The equipment used in
this present research comprises:

1. Anthropometer, which was used to measure, sitting height, elbow height sitting,
shoulder height sitting, knee height sitting, popliteal height sitting eye height sitting,
buttock popliteal length and buttock knee length as shown in Figures 3.9 (1).

2. Large sliding caliper (Range 0-600 mm with error 0.1 mm), which was used to
measure, hip breadth sitting and forearm fingertip length as shown in Figure 3.9 (2).

3. Digital vernier height gauge (with a measuring range of 0-300 mm and resolution
of 0.01mm), which was used to measure thigh clearance as shown in Figure 3.9 (3).

4. A metal tape, which was used to measure, sewing furniture dimensions as shown in
Figure 3.9 (4). While a Goniometer was used to measure the backrest angles, seat
angle and desk angle of the sewing furniture as shown in Figure 3.9 (5).

5. Adjustable desk, which was used to make the subjects sit while measurements were

being taken as shown in Figure 3.9 (6).
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(3) Digital vernier height gauge.

(6) Adjustable desk.

Figure 3.9: Measuring instruments and materials
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3.2.7 Data Acquisition

The dimensions measured are documented in a form, see Appendix VIII. Additionally,
the form includes personal information such as data number, sex, and department name.
Participants were asked to complete the forms with their personal information before
the measurement process began. This form also offers spaces for all eleven

anthropometric dimensions mentioned above.

3.2.8 Inclusion Criteria

The inclusion criteria for this study are as follows:

e Only garments workers in the sewing department were selected for participation
in the study.

e Both males and females.

e Kenyan origin.

e Voluntary participants.

3.2.9 Exclusion Criteria

The following exclusion criteria for this research are:

e Garments workers with fracture or any body deformities were excluded because
such conditions could lead to inaccurate data results.

e Pregnant women were excluded from the study due to the various complications

they may face related to changes in body structure.

3.2.10 Field Test

Before commencing the final data collection, it was essential to conduct a field test that
helped refine the data collection plan. A field test was carried out with ten participants
of varying genders who had experience in the sewing workstation department. From

the field test, the researcher gained insights into the condition of the area and participant
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reactions, allowing for assumptions about the data from male and female participants
and identifying which parts of the procedure posed difficulties for them. During the
field test, the participants were informed about the aims and objectives of the study;
they were cooperative and adhered to all instructions properly, resulting in the

appropriate collection of data.

3.2.11 Data Analysis and Interpretation

The data recorded was analysed statistically with the help of Minitab 17.0, a statistical
package. On the other hand, one-way ANOVA analysis was used to check for any
variation in the results achieved. Additionally, the anthropometric data was analysed
using mean, standard deviation (SD), minimum (min), maximum (max), 5", 50", and

95" percentiles as discussed in detail below:

3.2.11.1 Analysis of Variance (ANOVA) using Minitab 17.0 Software

One-way ANOVA analysis was developed by the English mathematician and

statistician R. Fisher (Bower, 2018). Typically, scientists aim to detect differences in

means across various levels of a factor or among different groups. For instance, the one-

way ANOVA procedure can be demonstrated using the popular statistical software

Minitab 17.0. In this research, one-way ANOVA analysis was employed as a statistical

technique to compare three or more means. When conducting one-way ANOVA, three

key assumptions must be met, as outlined by Altincicek, (2014):

1. The observations are obtained independently and randomly from the populations
defined by the factor levels.

2. The population at each factor level is (approximately) normally distributed.

3. These normal populations share a common variance.



103

3.2.11.2 Mean and Standard Deviation Calculation

Mean and standard deviation calculations for the collected anthropometric data are

presented in the following formulas (Kapuria, 2018, and Silviana et al., 2022):

n _
Mean (x) = w ................
Where,
X  Sample
x Mean

n  No. of sample data

ra—
Standard deviation (S) = —Zk=:l(_xl K2

Where,
X  Sample
x Mean

S  Standard deviation

n  No. of sample data

3.2.11.3 Calculation Pt Percentiles u

sing Minitab 17.0

The percentile indicates the position of the z-score within a distribution, as illustrated

in Table 3.8. Percentiles range from 1 to 99, with anthropometric dimensions for each

population typically ranked by size and defined as a percentile (Hse, 2005).

Additionally, the percentile is depicted

99.99 ((Of, Process & data, 2019).

in Figure 3.10 and can be selected from 0.01 to
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Table 3.8: Z-values for normally used percentiles

Percentile Z-values Percentile Z-values Reference
1t -2.326 750 0.675
2.5 -1.960 oo™ 1.282
5th -1.645 o5t 1.645 http://sphweb.bumc.bu.edu/otlt/
10t -1.282 97t 1.960  MPHModels/BS/BS704_Probabi
25t -0.675 ggth 2.326 lity/BS704_Probability10.html.
Percentile Z-values
50 0

Percentil 99
Percentil 75

Percentil 50
Percentil 25
—— Percentil 1

Figure 3.10: Percentiles illustration

Source: (Of, Process & data, 2019).

The calculations for the 5™, 50", and 95" percentiles using the normal distribution are

shown in the following formulas (3.4), (3.5), and (3.6) (Deros et al., 2009):

FOr 5™ Percentile = 1w — 1.65 00 «...vnnien e (3.4).

FOr 50M PErCENtile =1 4 Z 00 o evovee e e (3.5).


http://sphweb.bumc.bu.edu/otlt/MPHModels/BS/BS704_Probability/BS704_Probability10.html
http://sphweb.bumc.bu.edu/otlt/MPHModels/BS/BS704_Probability/BS704_Probability10.html
http://sphweb.bumc.bu.edu/otlt/MPHModels/BS/BS704_Probability/BS704_Probability10.html

FOr 95M Percentile = 1 + 1.65 O ...ooooeiii e (3.6).

Where a represents the standard deviation, p denotes the mean, and z indicates the
score. For better understanding, a basic normal distribution graph is illustrated in Figure

3.11, clearly depicting 90% of the distribution.

95th percentile

90% of percentile

Figure 3.11: The normal distribution graph
Source: (Deros et al., 2009).
The process of calculating the percentile of a database set using Minitab is as follows
(Borges, 1990):
1. Arrange the data so that the entries range from the smallest to the largest values
(ascending order).
2. Calculate an index i (the position of p™ percentile) using the following formula

(3.7) (Borges, 1990):

P isthe percentile and n is a number of values present in the data. If i is not an integer,
round it up, the next integer greater than i indicates the position of the p™ percentile.
If i is an integer, the p™ percentile is the average of the values in positions i and i

+ 1.
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To calculate the 5™, 50" and 95" percentiles of the collected data, as used in the

following formula (3.8) (Of & Student, 2021):

Xp is the P™ percentile value of variable x.

Zp is the standard normal values corresponding to the P™" percentile value x are: for
the 5" percentile, Z0.05 = -1.645; for the 50" percentile, Z0.5 = 0; and for the
95" percentile, Z0.95 = 1.645. These values can be found in the standard normal

Table in the Appendix IX.

3.2.11.4 Characteristics of the Sewing Workstation in the Garment Manufacturing
The incorporation of anthropometric data in the ergonomic redesign of the sewing chair
and the adjustable sewing machine table for the workers at REAL, Eldoret, Kenya was

based on the following criteria:

1. Seat height: The popliteal height while sitting should be taken into account in the
redesign of the seat height. Furthermore, the study by Ismaila et al., (2013),
recommended using the 5™ percentile of popliteal height, plus an allowance of 0.45
cm for shoe heel. Additionally, the 5™ percentile of sitting popliteal height is 41.20
cm, and when this is combined with the shoe heel allowance of 0.45 cm, the seat

height should be 41.65 cm.

2. Seat depth: The anthropometric dimension to consider in the redesign of the seat
depth is the buttock popliteal length. Moreover, research by Mohamed et al., (2010)
recommended using the 5™ percentile of the buttock popliteal length to determine
the seat depth. In this research, the 5" percentile of the buttock popliteal length is

46.20 cm, thus the seat depth is 46.20 cm.
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. Seat width: The hip breadth while sitting should be considered in the redesign of
the seat width. Research by Musa & Ismaila, (2014) recommended using the 95%
percentile of hip breadth sitting, plus a clothing allowance of 15 percent. In this
research, the 95" percentile of hip breadth sitting is 41.55 cm, with an allowance of

15 percent (6.23 cm), resulting in a seat width of 47.78 cm.

. Backrest width: According to Ismail Ismaila et al., (2013), the backrest width is

the same with seat width of the redesign, which is 47.78 cm as determined above.

. Backrest height (Upper) above seat: In redesigning the upper section of the backrest,
the 5™ percentile shoulder height while seated is taken into account, as noted by
Mohamed et al. (2010). Furthermore, the 5™ percentile shoulder height measured
for this study is 49.50 cm.

. Backrest height (Lower) above seat: The lower section of the backrest is determined
by the height of the armrest. This value corresponds to the 5™ percentile of sitting

elbow height, which is 13.25 cm.

. Armrest height: The sitting elbow height is a key factor in the proposed redesign of
armrest height. Furthermore, previous research by Ismaila et al., (2013) indicated
that while the lowest value is accommodated, others can also be accommodated;
thus, the 5™ percentile of elbow height was considered in the redesign, which is

13.25 cm.

. Backrest angle: According to Ismaila et al., (2013), the backrest should have a
rearward slope between 90° and 110°, while research by Mohamed et al., (2010),
recommended 96°. Consequently, a rearward slope of 109° is adopted in this present

research to ensure effective backward support.

. Seat angle: As proposed by Igbokwe et al., (2019), the seat angle should be 110°.
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Sewing table height: According to Ismaila et al., (2013), the maximum table height
is calculated as seat height (41.65 cm) + functional elbow height + shoe heel
allowance (0.45 cm). The functional elbow height was determined using the
equation provided by Ismaila et al., (2013) as follows: 0.8517 * 5" percentile of
elbow height sitting (13.25 cm) + 0.1483 * 5 percentile of shoulder height sitting
(49.50 cm). Thus, the functional elbow height = (0.8517 * 13.25) + (0.1483 * 49.50)
=11.29 + 7.34 = 18.63 cm. Therefore, the maximum sewing table height for this

study is 41.65 cm + 18.63 cm + 0.45 cm = 60.73 cm.

Sewing table depth: The distance between the elbow and the hand should be a key
dimension when determining the table depth. According to Ismaila et al., (2013),
the average redesign concept for the sewing table depth is based on the 50%

percentile of forearm fingertip length, which is 45.72 cm.

Sewing table width: The study by Ismaila et al., (2013) recommended that the
table width should be based on the 95" percentile of hip breadth of the user, with
allowances for clothing and clearance. The 95™ percentile of hip breadth (41.55
cm) plus 15 percent for clothing allowance (6.23 cm) and another 15 percent for
clearance (6.23 cm) is adopted in this study. The sewing table width for this study

is41.55cm + 6.23 cm + 6.23 cm =54.01 cm.

Sewing table angle to horizontal: A study by Ahmed, (2018) proposed that the
sewing table should be positioned at an angle of 15° towards the user to reduce the
visual angle and promote an upright trunk posture. Research by Ismaila et al.,
(2013) suggested that the table should have an angle of inclination between 15° and
20°. Therefore, the sewing table angle for this study should tilt towards the user at

an angle of 15°.
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3.2.11.5 Data Collection for Existing Sewing Furniture Dimensions

In a REAL factory, the sewing furniture utilised by garment workers is not designed
according to ergonomic principles. The dimensions of the sewing furniture are assessed
to determine the compatibility or incompatibility between these dimensions and the
workers' anthropometric data. Additionally, the following dimensions were collected
directly using a measuring tape and goniometer. Table 3.9 presents the definitions of
the existing sewing workstation furniture dimensions. Refer to Appendix X for the form
detailing the sewing workstation furniture dimensions.

Table 3.9: Existing Sewing Furniture dimensions

No Dimensions Description Reference

Minimum distance measured vertically from
1 Seat height the floor to the highest point on the front of
the seat.
Minimum distance measured horizontally

2 Seat depth from the front edge of the sitting surface. M I, L
- _ (2014).
. Horizontal distance between the larger edges
3 Seat width
of the seat.
4 Sewing table Minimum distance measured vertically from
height the upper edge of sewing table to floor.

3.2.11.6 Mismatch between Garments Furniture and Body Dimensions

The comparison of the anthropometric dimensions of workers with the corresponding
dimensions of existing sewing furniture is crucial for designing ergonomic garment
furniture. Therefore, the anthropometric data of the workers is compared to the relevant
garment furniture dimensions. Furthermore, the researchers recommend measuring the
popliteal height against the seat height, the buttock-popliteal length against the seat
depth, the hip breadth against the seat width, and the sitting elbow height against the
sewing table height to determine the garment furniture's compatibility using match
criterion equations. The literature indicates that relationships have been identified to

ascertain matches and mismatches. Additionally, mismatch equations have been
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established. Consequently, these equations are presented in the following sections

(Ahmed, 2018):

3.2.11.6.1 Popliteal Height (PH) Against Seat Height (SH)

The Seat Height (SH) must be adjusted in relation to the Popliteal Height (PH).
Researchers have indicated that the SH should be lower than the PH, allowing the lower
leg to form angles between 50 and 300 degrees relative to the vertical (M. Ali, et al.,
2014). Furthermore, an excessively low SH increases weight on the ischial tuberosities,
while an excessively high SH raises pressure at the popliteal fold (the underside of the
knee), which may impair blood circulation and elevate pressure on the nerve. The
matching criterion for the SH is defined by the following equation (3.9) (Ahmed, 2018):

(PH +3)C0S30° < SH < (PH +3)COS5%..oiiiieeoreoeeee oo, (3.9).

3.2.11.6.2 Buttock Popliteal Length (BPL) Against Seat Depth (SD)

The Buttock Popliteal Length (BPL) is the anthropometric measurement used to
determine the size of the Seat Depth (SD). If the SD exceeds the BPL, workers will
struggle to use their backrests for lumbar spine support without compressing the
popliteal surface. To counter this, workers typically shift their buttocks forward toward
the seat's edge. This improper use of the backrest can lead to a kyphotic posture.
Conversely, if the SD is significantly shorter than the BPL, workers’ thighs will not
receive adequate support. Therefore, most researchers recommend that the SD should be
at the 5" percentile of the BPL, ensuring that the seat's backrest can support the lumbar
spine without compressing the popliteal surface (Gouvali & Boudolos, 2006).
Additionally, the matching condition is established by the following equation (3.10)

(M. Ali, et al., 2014):
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0.80 BPL < SD < 095 BPL..oiiiii e (3.10).
3.2.11.6.3 Hip Breadth (HB) against Seat Width (SW)

The Hip Breadth (HB) is the anthropometric dimension that defines the Seat Width
(SW). Furthermore, the SW should be sufficiently large to accommodate users with the
largest HB (M. Ali, et al., 2014). Additionally, most researchers recommend that the
SW be at the 95" percentile of the HB to ensure a proper fit in the seat. It should be at
least 10% larger (to accommodate hip breadth) and at most 30% larger than the HB for
space efficiency. Moreover, the matching criterion for the SW is established by the
following equation (3.11) (Ahmed, 2018):

1.1HB < SW < 130 HB. ..o (3.11).

3.2.11.6.4 Elbow Height (EH) Against Table Height (TH)

The Elbow Height (EH) is regarded as a key factor in determining the sewing Table
Height (TH). For example, if the TH is too low, workers will have to bend their torsos
forward to see the point of operation, which can lead to kyphosis and a rounded shoulder
posture. Conversely, if the TH is too high, workers will need to flex and abduct their
upper arms while raising their shoulders. Additionally, the researchers found that the
TH is influenced by the workers’ shoulder flexion and abduction (Ankara, 2022,
Castellucci et al., 2020, and Castellucci et al., 2015). The TH is defined by the following
equation (3.12) (Dianat et al., 2013).

PH + EH < TH < PH 4 EH 4 5 eoioieeeeeeeeee e, (3.12).
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3.3 Redesigning a Workstation for Garments-Making Workers at the Sewing
Operations

3.3.1 Introduction

The third specific objective of this research is to redesign a workstation for garment-
making workers at the sewing operation. Utilising the collected anthropometric data,
an ergonomic sewing workstation for garment workers was proposed. SolidWorks was
employed to develop eight different conceptual redesigns of the ergonomic sewing
chair workstation, from which one option was selected using the Concept Scoring
Method (CSM). To determine the best option, relevant data was gathered from the
workers through a survey. To achieve the third specific objective, the entire

methodology can be divided into the following steps, as illustrated in Figure 3.12.

SolidWorks design model overview
(

Complete model of the proposed sewing workstation redesign
(

Requirements of the workers '
Arranging the importance of the needs | Arranging the importance of the factors

' Concept generation :
(

) Concept selection methods
oncept screening matrix oncept scoring matrix

Complete model of the selected sewing chair proposed redesign

Complete assembly of the sewing chair + sewing table + HDM/manikin

Figure 3.12: Main steps of the sewing workstation redesign methods
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3.3.2 SolidWorks Design Model Overview

Nowadays, the SolidWorks software environment is an outstanding and powerful 3D
design tool that assists designers and engineers in designing, simulating, and optimising
the workstation (Paper et al., 2013). According to previous studies by many researchers,
including Planchard, (2018), Planchard & Planchard, (2006), SolidWorks, (1995),
(2010), and Systémes, (2020), SolidWorks is recognised as an industrial design
automation tool. It allows users to quickly understand and design, sketch out ideas, and
incorporate features and dimensions to produce effective models and detailed drawings.
The SolidWorks model consists of 3D geometry that encompasses all edges, faces, and
surfaces. Additionally, SolidWorks enables the rapid and precise creation of any design
model. A 3D geometry serves as a model sketch that designers and engineers aim to
develop and generate various manufacturing products. SolidWorks is an exceptional
3D engineering and design tool, providing engineers and designers the capability to
visualise ideas, experiment with features and dimensions, and produce models and
detailed drawings. Furthermore, the 3D design approach in SolidWorks begins with an
initial sketch on paper, which is then transferred to SolidWorks to construct the parts
from the initial sketch. Subsequently, these parts are combined into one assembly to
achieve the final design. Additionally, SolidWorks primarily utilises three programs, as
outlined in Table 3.10, and Figure 3.13 illustrates the systematic steps involved in

designing with SolidWorks.
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S.no. Programmed Programmed discussion Reference
This model is used for design methods,
1. Part tools, and features mainly used to make
parts.
In this model the designer assemble all the
parts which are developed in the part model
2.  Assembly section. This section, identifies interference, SolidWorks,
specify mate, and is used for context design (1995)
purpose.
This is basically a discussion of a drawing
3 Drawin sheet format, dimension views, full
' g annotation, and also the Bill of Material
(BOM).
(f._ Start_hh:)
MMarnual drawings
- Part rmnoduls -
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e e
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i{::: module \:_'}
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frES.
Dirawim g rro dole
( End )

Figure 3.13: Systematic steps in redesigning using SolidWorks software
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3.3.3 Requirements of the Workers

A current study targeting key stakeholders at REAL, Eldoret, Kenya was conducted.
Additionally, 100 respondents (50% male and 50% female) were randomly selected
from garment workers at the sewing workstation. A survey was chosen as the most
common and suitable method, which was pre-tested to ensure its validity and reliability.
Furthermore, the questionnaire data was analysed list-wise in Minitab 17.0 software

based on the following sections:

3.3.3.1 Arranging the Importance of Needs

The eight conceptual sewing chair redesigns were organised according to the
importance of the needs, which are: A. Adjustable height and back sewing chair, B.
Adjustable height sewing chair, C. Arrow and craft sewing chair, D. Camping sewing
chair, E. Arm sewing chair, F. Armless sewing chair, G. Sindre sewing chair, and H.
Folding sewing chair. This ranking was conducted on a scale from 1 to 5 (1 being the

lowest and 5 the highest).

3.3.3.2 Arranging the Importance of Factors

The important factors that can be arranged for workers’ requirements include:
aesthetics, ergonomics, safety, durability, ease of use, reliability, ease of manufacture,
usability, social appeal, maintainability, life cycle cost, environmental soundness,

economic value, utility, and function.

3.3.4 Concept Generation
The idea for redesigning the current sewing chair workstation emerged from a thorough
analysis of the workers' requirements. At this stage, eight distinct concepts for the

sewing chair workstation redesign were developed based on the needs of the workers.
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3.3.5 Concept Selection Methods

The concept selection method involves evaluating concepts based on workers’ needs
and other criteria, comparing their relative strengths and weaknesses, and selecting one
or more concepts for further investigation and development. Furthermore, concept
selection encompasses both concept screening and concept scoring processes, each

supported by a matrix as discussed below (Nanyang Technology University, 2014):

3.3.5.1 Concept Screening Matrix

The concept screening matrix is a method used to quickly narrow down the number of
concepts and enhance their quality. Furthermore, the concept screening matrix is
regarded as a means to reduce the number of selected concepts and ultimately choose

one final concept.

3.3.5.2 Concept Scoring Matrix

After generating all eight sewing chairs, redesign the workstation concepts. The next
step was to select the best sewing chair to redesign the workstation for simulation,
optimisation, and fabrication. Furthermore, both the concept screening matrix and
concept scoring matrix processes are guided by a six-step procedure, which leads the
sewing chair redesign team through the concept selection matrix activity. These six
steps are (Pdd, 2014):

1. Preparing the selection matrix according to the worker’s requirements:

Additionally, employing hierarchical relations effectively clarifies the criteria.

2. Evaluating the proposed redesigns of the sewing workstations based on the worker’s
requirements: A suggested scale ranges from 1 to 5 (1 being the lowest and 5 the
highest) according to the workers' requirements, which are defined and categorised

in Table 3.11.
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Table 3.11: Relative performance and their rating
Relative performance Rating Reference

Much worse than the reference 1

Worse than the reference
Nanyang Technology

University, (2014).

2
Same as the reference 3
Better than the reference 4
5

Much better than the reference

3. Ranking the concepts of the proposed redesigns for the sewing workstations based
on the workers' requirements. After entering the ratings for each concept, the
weighted scores were calculated by multiplying the raw scores by the criteria
weights. Once all concepts were rated, a total score for each design was computed
using the following formula (3.14) (Xiao et al., 2011, and Nanyang Technology

University, 2014):

Total SCOre = YT Wy % iy evieiniii e (3.14).
Where:

n is the number of selection criteria,

Wh is the weight of ny criteria, and,

dn is the rating of the ny criteria.

4. Integrating and enhance the concepts of the sewing workstations with suggested

redesigns tailored to the worker’s needs.
5. Choosing one or more concepts for the sewing workstation redesigns based on the
worker’s needs.

6. Evaluating the outcomes and the process of the proposed redesigns for the sewing

workstations according to the worker’s requirements.

the overall performance of the proposed ergonomic sewing concept redesigns is ranked

according to their total score.
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3.3.6 Sketches of the Selected Concept Sewing Workstations Proposed Redesign

The sketches of the proposed redesigns for the concept sewing workstation were
developed after analysing all the workers’ anthropometric measurements, which were
conducted using ISO 7250-1:2017 as a technical standard procedure. Furthermore, the
inspiration for the sketch derives from the automotive redesign for the sewing
workstation, where workers are required to be seated, and this sketch of the sewing
workstation was elaborated in detail. In this research, SolidWorks was utilised for

accurate and appropriate drawing processes.

3.3.7 Complete Model of the Selected Concept Sewing Workstations Proposed
Redesign

The final modeling processes of the sewing workstation were completed using

SolidWorks 2024 software, incorporating the rendering processes for the ergonomic

redesign based on the workers' anthropometric data at REAL, Eldoret, Kenya.

3.3.8 Complete Assembly of the Sewing Workstation Redesign
After modeling in SolidWorks, the models were imported into CATIA V5 software to
complete the assembly of the selected sewing chair, adjustable sewing machine table,

and HDM for the simulation test.

3.4 Simulating the Redesign of Workstations for Garments-Making Workers at
the Sewing Operation

3.4.1 Introduction

The fourth specific objective of the present research is to simulate the redesign of

workstations for garment-making workers at the sewing operation. Using the collected

anthropometric data, an ergonomic sewing workstation for garment workers was

modeled and proposed. Additionally, the Rapid Upper Limb Assessment (RULA)
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analysis and Finite Element Analysis (FEA) were conducted on the models of the
Human Digital Model (HDM) and the sewing chair workstation to create an
ergonomically suitable workstation for the users. Furthermore, the RULA ergonomic
analysis method was applied to assess the sitting posture of the ergonomic HDM for
comfort. The FEA method was also utilised on the proposed model of the selected
sewing chair to evaluate its capacity to support the weight of the human body. To
achieve the fourth specific objective, the entire methodology can be divided into the

following sections:

3.4.2 Simulation Methods of the Rapid Upper Limb Assessment (RULA)
Ergonomic Analysis
The Rapid Upper Limb Assessment (RULA) is an ergonomic analytical tool that
evaluates the biomechanical and postural load requirements of job demands on the
neck, trunk, and upper extremities (Manzoor et al., 2019). Furthermore, ergonomic
principles can be understood as the science of enhancing efficiency to meet user needs
while minimising discomfort during use. Additionally, ergonomics aims to achieve the
best possible alignment between the product and its user in the context of intended
applications. The main steps for simulating an HDM on a seated body posture using

CATIA V5, based on RULA analysis, are illustrated in Figure 3.14.
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Creating the models

Importing the models in CATIA V5 ergonomics design and analysis

Performing RULA analysis

Obtaining ergonomic simulation results

Figure 3.14: Main steps of the simulation of human modeling using RULA analysis

3.4.2.1 Creating Models in SolidWorks Software
The 3D models of the sewing workstation were developed in SolidWorks to simulate

the sitting body posture of the HDM.

3.4.2.2 Importing the Models in CATIA V5 for Ergonomics Design and Analysis

After modeling in the SolidWorks simulation software, the sewing workstation models
were imported into CATIA V5 to conduct the RULA ergonomic simulation and obtain
results. Furthermore, the comfort of the sewing workstation relies on aesthetics,
maintainability, material quality, ergonomics and safety, structure, ease of manufacture,
shape, utility and function, handling, durability, and stability. Additionally, the
structure and shape in the redesign of a sewing workstation depend on the available
anthropometric data of the users. Figure 3.15 illustrates the method adopted for the

redesign of a sewing workstation by HDM using CATIA V5 ergonomics design and
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analysis software based on the RULA analysis, as suggested by Paul et al., (2019), and

Ye etal., (2013), and defined by four sub-models which are:

1.

2.

>

Human Measurement Editor Model (HMEM).

Human Activity Analysis Model (HAAM).
Human Builder Model (HBM).
Human Posture Analysis Model (HPAM).

) CATIA V5 - [Prod
n ENOVIAVSVPM File  Edit  View [nset  Jools  Window  Analyze  Help

9 'nfrastructure ’

€ Mechanical Design ’

q Shape b
E Analysis & Simulation ¢

AEC Plant ¢
E Machining ’
@ 'Eigital Mockup b
q Equipment & Systems 4
Digital Process for Manufacturing '

¥ Machining Simulation ’
B -

i Ergonomics Design & Analysis i
ﬁ Knowledgeware ak
H ENOVIA VS VPM ’ A Human Builder
@ p 1 Productl $ Human Posture Analysis

Figure 3.15: Ergonomics model in CATIA V5

3.4.2.2.1 Anthropometric Data for Manikin

Table 3.12 presents the essential 50" percentile of the sewing workers’ anthropometric

data inputs utilised in the development of the DHM in CATIA V5 ergonomics design

and analysis software based on RULA analysis.
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Table 3.12: 50t percentile of the workers' anthropometric data for HDM
Variables (Sitting) 50" percentile  Units  Input method

Sitting height 800.5 mm Manual
Eye height, sitting 685.5 mm Manual
Hip breadth, sitting 355.4 mm Manual

3.4.2.2.2 Human Digital Model (HDM)

The focus of the Human Measurement Editor Model (HMEM) is to create an
anthropomorphically detailed digital human for advanced ergonomic design and
analysis, as well as accommodating a global target audience. Furthermore, the HMEM
provides anthropometric data from five default populations: Japanese, American,
French, Canadian, and Korean. Additionally, the digital human can be displayed in
various body postures, such as sitting and standing, from different viewpoints, along
with the related anthropometric variables (John et al., 2020, Paul et al., 2019, and Romli
& Aminian, 2018). For this ergonomic design analysis, the digital human has been
generated for the 50" percentile of workers' anthropometric data. This setup is chosen
to redesign a sewing workstation for the average user, which fits all. To conduct the
analysis, the HDM must be integrated into section HAAM. This research was applied
to a HDM using the HMEM. Furthermore, the specific postural analysis in CATIA V5
was based on the ergonomic body posture analysis of the RULA. Additionally, there
are two steps that must be addressed before the final evaluation can be made: (1) to
develop a HDM and (2) to assess the recommended redesign of the sewing workstation

through ergonomic body posture and design analysis.
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3.4.2.2.2.1 Development of a Human Digital Model (HDM)

A Human Digital Model (HDM) was created using the Human Builder Model (HBM)
in CATIA V5. The tools in the HBM included HDM generation, gender specification,
and percentile specification, as illustrated in Figure 3.16. Figure 3.17 displays the HDM
in a sitting posture, based on the worker’s anthropometric data. Furthermore, Figure
3.17 (a) presents the HDM generated, while a body posture editor is depicted in Figure
3.17 (b). Additionally, Figure 3.17 (c) demonstrates how dimensions were assigned to

the HDM/manikin’s variables.

Manikin ‘ Optional ‘

@ Father product | Product1{Product1) ‘

'f' Manikin name: | Manikin]

Gender, Man v

Percentile. |30 %

9 0K | @ Cancel

Figure 3.16: HDM (Manikin) insertion for this study
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Figure 3.17: HDM in the sitting posture using workers’ anthropometric data
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3.4.2.2.2.2 Assessment of the Recommended Sewing Workstation

The measurements of the sewing workers were integrated to develop the assembly of
the sewing workstation, which includes a selected sewing chair, an adjustable sewing
machine table, and an HDM setup, to enhance the work environment for garment

manufacturing workers.

3.4.2.3 Performing RULA Analysis

The RULA analysis refers to a rapid upper limb assessment that evaluates the
ergonomic risks associated with the upper limb extremities. This method is used to
analyse disorders of the upper limb in various working environments and conditions.
Furthermore, the primary aim of the RULA analysis is to assess the postural load
requirements for human body parts. The RULA analysis generates a scorecard ranging
from 1 to 7, accompanied by a colour code from green to red. If the score is 1 or 2, the
work posture is deemed acceptable; otherwise, further investigation of body posture is
necessary. To conduct a RULA ergonomic analysis, the following section can be

discussed:

3.4.2.3.1 RULA Method and RULA Score

The RULA analysis tool is launched to select HDM (manikin). Additionally, Figure
3.18 displays the RULA dialog box in CATIA V5 for the final score and the actions
required for this study. The side of the HDM for analysis and the predetermined best-
suited body posture were selected. There are three types of posture: static, intermittent,
and repeated. The intermittent posture involves repeating tasks four times or fewer
within one minute, while the static and repeated options entail repeating the task more
than four times in one minute. In the same body posture option within the parameters,

the load is specified to indicate the weight of the object manipulated by the person. The
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RULA analysis method is based on scores and colours, which are interrelated. The
colours are green, yellow, orange, and red; green indicates that the body posture is good
and acceptable, while red signifies that the body posture is poor and needs immediate
adjustment. The scores are divided into four scales, each with its own description Romli

& Aminian, (2018). See Table 3.13 for the RULA analysis score descriptions.

Side ) Left @ Right

Parameters Details

Posture ;]Upper Arm: 1.

O Static @ Intermittent O Repeated 2 Foreanm 1

?v eat Freg _ + | Wrist: 1

- o + | Wrist Twist 1
Posture A: 1.

[J Arm supported/Person leaning Ncie 0
[ Arms are working across midline Force/Lood: 0 e
[ Check balance Wrist and Arm: 1 .
+ | Neck: 1.
Load: | Okg s jTrunlc 1.
Score Leg: 1.
Final Score: 1 = i] Posture B: 1
Acceptable Neck, Trunk and Leg: 1

Figure 3.18: The RULA dialog box in CATIA V5

Table 3.13: RULA analysis score description

RULA Score Risk Level Action
1 -2 Negligible Acceptable
1.4 Low Further investigation and

changes may be needed
. Investigation and changes
-6 Medium = s
required soon

. [Investigation and changes
required immediately

Lr
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3.4.2.4 Obtaining Ergonomic Simulation Results
The ergonomic simulation results for the RULA analysis were obtained, and the

redesign of the sewing workstation based on anthropometric data was finalised.

3.4.3 Simulation Methods for Finite Element Analysis (FEA) Static Analysis

The Finite Element Analysis (FEA) is a crucial computerised numerical method that
offers approximate solutions for structural and thermal analysis across various
application areas. Additionally, to conduct the FEA static simulation and obtain results,

the following steps can be utilised, as illustrated in Figure 3.19 (Esmaeel et al., 2024).

Preparing the models.

Assigning the material.

Starting a simulation study.

Applying the fixtures.

Applying the loads.

Generating the mesh.

Running the study.

Viewing the study results.

Simulation advisor.

Figure 3.19: Main steps of the simulation models using FEA static analysis
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3.4.3.1 Preparing the Model Using SolidWorks
The model of the chosen sewing chair was designed and constructed using part design
in SolidWorks, a 3D finite element program based on the worker’s anthropometric data.

This model was utilised for FEA as the experimental simulation.

3.4.3.2 Assigning the Material
The response of a part model is determined by the material assigned to it. In the material

dialog box, the material is selected and applied, as illustrated in Figures 3.20.

Materi all/ x
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Defined
Iron
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o'E 1060-H12 Poissan’s Ratio 033 H/&
o'E 1060-H12 Rod [SS] Shear Modulus 2.7e+10 Nfl'l'l"‘z
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o— i A
8= 1060.H16 Tensile Strength 63935600 | N/m~2
f— Compressive Strength H/m*2
o= 1060-H13
— Yield Strength 27574200 |N/m~2
o= 1060-H13 Rod (55
:;: 55 Thermal Expansion Coefficient|24e-05 |/K
§= 1060-0(55) Thermal Conductivity W |WimK
§= 1100-H12 Rod (53) Specific Heat 900 |I/keK)
§: 1100-H16 Rad (S5) v Material Damping Ratio h/A
L4 >
Add... Save Config... Appl o Hel
SOLIDWORKS Materials Web Portal : L pply/] | Close =

Figure 3.20: Assigning materials for the part model
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3.4.3.2.1 Material Selection for Finite Element Analysis (FEA) Test

The properties considered in the materials selection were limited to (Madara et al., 2016;
Miller, 1989): Technical properties of the materials such as density, conductivity, and
strength; manufacturing aspects such as ease of production with existing facilities;
economic factors like material cost and availability; and ecological properties including
recyclability and sustainability. The aluminum alloy 1060 was chosen for the FEA test
because it is the most widely used metal in furniture manufacturing due to its
competitive cost, lightweight nature, corrosion resistance, simplicity in production, and
excellent working properties, particularly for molded metal chairs. Furthermore, metals
remain the preferred choice for furniture making due to their contemporary appearance,
charm, and character. Additionally, the FEA static analysis was conducted on the
selected sewing chair model to assess its ability to support the weight of the human
body. Table 3.14 presents the specifications of the materials used.

Table 3.14: Specification of used material properties

Aluminium alloy 1060

Properties/Materials References
Value Units
Elastic modulus 69000 MPa
Poisson’s ration 0.33 N/A
Shear modulus 27000 MPa
Mass density 2700 Kg/m3  Kureshietal., (2014), and
Tensile strength 6.893E + 01 MPa Paper etal., (2013).
Yield strength 2.757E + 01 MPa
Thermal conductivity 200 W/(m.k)

Specific heat 900 J/(kg.k)
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3.4.3.3 Starting a Simulation Study
The simulation study for this research begins with the use of SolidWorks software to
conduct the FEA static analysis on the selected sewing chair model, as illustrated in

Figure 3.21.
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Advanced Simulation v
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Figure 3.21: Starting a simulation study for the model
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3.4.3.4 Applying the Fixtures
For the simulation analysis, the initial steps involve applying fixtures to the faces or
edges of the model part. In this study, the fixtures were applied to the five faces of the

selected sewing chair model, as illustrated in Figure 3.22 and detailed in Table 3.15.

| Sketch Ink | Surfaces | Sheet Metal | Weldments | Evaluate | MBD Dimensions | Simulation | Analysis Preparation | SOLIDWORKS Plastics |

SEE[®[€T

Fiscture @
v X ¥ \/
Type

Lxampie ~

2 % Full-madel of the chair..st..

taFixed Geometry:

" Standard (Fixed Geometry) A

B Fixed Geometry
Roller/Slider
Fixed Hinge

Figure 3.22: Applying fixtures in the five faces of the selected sewing chair model

Table 3.15: Applying fixtures in the selected sewing chair model
Fixture name Fixture Image Fixture Details

Entities: 5 face(s)
Fixed-1
Type: Fixed Geometry
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3.4.3.5 Applying the Loads

In the SolidWorks simulation, the loads on a redesigned part can consist of applied
forces, pressure, or both, acting on the face and edges of the model. According to
Mahantesh et al., (2023), an average human weight of 800 N (80 kg) was applied at the
base seat of the selected sewing chair model, while an average human weight of 150 N
(15 kg) was applied at the backrest of the same model, as illustrated in Figure 3.23 and
detailed in Tables 3.16 and 3.17.

Table 3.16: Loads acting on the selected sewing chair

SI. No Parts Load (N) Reference

1 Base seat of the selected sewing chair model 800 Mahantesh et

2 Backrest seat of the sewing chair model 150 al., (2023).

Sketch Ink | Surfaces | Sheet Metal | Weldments | Evaluate | MBD Dimensions | Simulation | Analysis Preparation | SOLIDWORKS PIg
b % Full-rmodel of the chair.st.,
- p— S
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Farce
Torque
@ Face<1= :|
oo §
@Normal
(C) Selected direction
ERE v
Lloe /v :
[J reverse direction i—‘;x
(?)Peritem .

Figure 3.23: Applying the loads in the selected sewing chair model
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Table 3.17: Applying the loads in the selected sewing chair model

Load name Load Image Load Details
Entities: 1 face(s)
Force-1 Type: Apply normal force
Value: 800 N
Entities: 1 face(s)
Force-2 Type: Apply normal force

Value: 150 N

3.4.3.6 Generate the Mesh

The mesh was generated and analysed as shown in Figure 3.24 and Table 3.18. The
element shapes used were tetrahedral and quadrilateral, with fine sizing. The generated
mesh data included: maximum element size of 54.0261 mm; minimum element size of
2.70131 mm; high mesh quality; total nodes of 69,620; total elements of 39,657;
maximum aspect ratio of 34.349; percentage of elements with aspect ratio < 3 at 98.8%;
percentage of elements with aspect ratio > 10 at 0.00504%; percentage of distorted

elements at 0; and the time to complete the mesh was 00:00:13 hh:mm:ss.
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Figure 3.24: Mashing generated for the selected sewing chair mode
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Table 3.18: Mashing generated information for the selected sewing chair model

Mesh type

Solid Mesh

Mesher used:

Jacobian points for high quality mesh
Maximum element size
Minimum element size

Mesh quality
Total nodes
Total elements
Maximum aspect ratio
% of elements with aspect ratio < 3
Percentage of elements with aspect ratio > 10
Percentage of distorted elements

Time to complete mesh (hh:mm:ss)

Blended curvature-based mesh
16 Points
54.0261 mm
2.70131 mm
High
69620
39657
34.349
98.8
0.00504
0
00:00:13
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3.4.3.7 Running the Study

Simulation prepares the model for analysis and then calculates stress, displacements,
strain, and factor of safety (FOS). At this stage, a static analysis was conducted using a
FEA of the studied part (the selected sewing chair model), with default settings for the
finite element and mesh density. For these elements, either the default settings or
modified settings can be used, as described by lancu, (2017). These settings were
applied for the simulation and analysis, as shown in Figure 3.25. Furthermore, a linear
static analysis was performed on the selected sewing chair model to determine the
maximum stress and strain. This is essential because, before fabricating a design, the
designer and engineer need to understand the performance of the object to be fabricated.
It also helps to prevent potential issues. For instance, fabricating an object without
understanding its performance may result in wasted energy and money, as the object
may not meet the desired specifications. Therefore, conducting a simulation test on the

redesign in SolidWorks can help avoid unwanted occurrences.
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Figure 3.25. Running the static analysis for selected sewing chair model by FEA

Pause Cancel More =




136

3.4.3.8 Viewing the Study Results

After successfully conducting a study for the FEA analysis, the results were examined
for the sewing workstation (selected sewing chair) model, focusing on stress, strain,
displacement, and FOS results. Figure 3.26 displayed the study results for the FEA

static analysis.
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Figure 3.26: Viewing the study results

3.4.3.9 Simulation Advisor

The simulation advisor is a collection of tools that assist designers in the analysis
process by answering a series of questions. These tools gather the necessary data to
enable designers to conduct their analysis. The simulation advisor operates with the
SolidWorks simulation interface by initiating the appropriate property managers and
linking to online help topics for further information, as illustrated in Table 3.19 and

Figure 3.27.
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Table 3.19: Simulation advisor

Helps designer define sensors and creates studies

Simulation advisor ]
automatically.

Bodies and materials Let’s designer specify how to treat bodies within a
advisor part and apply materials to components.
Mesh and run advisor Helps designer specify the mesh and run the study.

Provides tips for interpreting and viewing the

Results advisor i i
output of the simulation.

WORKS Plastics Simulation Advisor

A €23
8

1 Study

2 Bodies and Material
3 Interactions

4 Mesh and Run

5 Results

SEE8S

Check Deformation

Checking deformation is a good start to verify if results are reasonable, The maximum displacement
for your whole model is:3.20946e-06m.

T o

Review the animation carefully and select one of the following options:

a Owverall deformation shape does not look correct.

a Magnitude does not look comrect.

@ Deformation near at least one load, fixture, connector, or part-part interaction does not look
correct.

@ Everything locks reasonable.
@ Finished with Results Advisor.

E Back

Figure 3.27: Simulation advisor
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3.5 Optimising the Redesign of Workstations for Garments-Making Workers at
the Sewing Operation

3.5.1 Introduction

The fifth specific objective of this research is to optimise the redesign of workstations
for garment-making workers in the sewing operation. Utilising the collected
anthropometric data, a worker’s sewing workstation was modeled, simulated, and
optimised. The optimisation analysis is part of the redesign study conducted in
SolidWorks simulation, a program frequently used in the industry. The design study
model is a powerful feature that is not widely utilised. This model allows users to
quickly adjust a solid model’s parameters across a grid of predetermined values and
measure one or more critical outputs. Furthermore, advanced users can rapidly iterate
geometry to perform FEA and optimise for mass and thermal properties. Previous
studies by lancu, (2017), and lancu & Gutsalenko, (2019) indicated that a study can be
conducted using either simulation express or simulation model, which enables a
reduction in time to market by decreasing the number of product development cycles.
Additionally, the design can be optimised simultaneously, thus reducing costs by

testing the model on the computer rather than through laboratory tests.

Moreover, the SolidWorks simulation, including simulation express, simulation, and
design study, is an enhanced version of a feature from simulation express. This tool can
help reduce costs and time to market by allowing designs to be tested on the computer
instead of relying on expensive and time-consuming field tests. Without utilising an
optimisation study, achieving the best part design typically requires costly and lengthy
product development cycles. Consequently, researchers usually need to first create the
model in the SolidWorks system, prototype the design, test the prototype in the field,

evaluate the results of the field tests, and modify the design based on those results. This
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process can continue until a satisfactory solution is achieved. Conversely, using
SolidWorks models (SolidWorks Simulation Express/Simulation/Design Study) for
preliminary studies can facilitate tasks such as testing the model on the computer rather
than through field tests. Thus, there are benefits in reducing costs and time to market
by minimising the number of product development cycles and optimising designs by
simulating concepts and scenarios before making final decisions (lancu & Gutsalenko,

2019).

The optimisation analysis is a component of the design study within the SolidWorks
simulation. This simulation can determine the optimal dimensions for most features in
the SolidWorks model based on results such as stress, strain, displacement, and factor
of safety. After conducting a stress analysis, strain analysis, displacement analysis, and
factor of safety assessment, the optimisation analysis is performed to identify the
optimal value for a specific model dimension while adhering to a defined criterion. For
example, to find the optimal length of a part, the maximum stress should not exceed a
specified limit. The design study is a feature of the SolidWorks system that can help
achieve the aforementioned goals. There are two primary modes for conducting a
design study: The first mode is evaluation, where discrete values are specified for each
variable, and sensors are used as constraints. The CAD software executes the study
using various combinations of these values and reports the output for each combination.
The second mode is optimisation, which utilises values for each variable, either as
discrete values or within a range. Additionally, sensors can serve as constraints or goals.
The CAD software performs iterations of the values and reports the optimal
combination to meet a specified goal (such as minimum mass). Furthermore, to achieve
the fifth specific objective, the entire methodology can be divided into the following

steps, as illustrated in Figure 3.28.
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Creating CAD model

Creating FEA model using simulation results

Performing optimisation using design study

Figure 3.28: Main steps of the optimisation sewing workstation redesign methods

3.5.2 Creating the Model Using SolidWorks
The design of the chosen sewing chair was developed using SolidWorks for

optimisation.

3.5.3 Creating the Finite Element Analysis (FEA) Model Using Simulation Results
The results of FEA were utilised to create the optimal model. For this optimisation, the
objective function is defined as minimising the material volume needed for the final
product of the chosen sewing chair redesign. Furthermore, in the context of sewing
production, this leads to cost savings (less material, reduced machining, lower energy
consumption) and is environmentally friendly (less waste, easier recycling at the end of

the product's life).

3.5.4 Performing Optimisation Using Design Study

After the simulation of the model is complete, the next steps involve optimising the
selected sewing chair's modeled part. This option enables the optimisation of a model's
dimensions based on specified criteria and constraints. SolidWorks performs

dimensional optimisation rather than shape optimisation, using it as an objective
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function to minimise mass. Upon completing a stress analysis, the optimisation analysis

is employed to determine the optimal values for the selected sewing chair model's

dimensions while satisfying the specified criteria. A design study can address a variety

of CAD challenges. Additionally, the designer and engineer can resolve the following

issues using SolidWorks (lancu, 2017):

1.

The designer and engineer can define multiple variables using any simulation

parameters or global driving variables.
The designer and engineer can utilise sensors to establish a variety of constraints.
The designer and engineer can create several objectives through the use of sensors.

Designers and engineers can analyse models without considering the outcomes of
simulations. For example, they can use the variables of density and model
dimensions along with the constraint of volume, and also minimise the mass of an

assembly.

The designer and engineer can evaluate design decisions by defining a parameter

that directs bodies to utilise variables specifying materials.

These sections outline the basics of establishing and executing an optimisation.

Additionally, the flowchart illustrating the essential steps for conducting the

optimisation process through a design study is shown in Figure 3.29.
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Round off the results *
and finalize the design.

Figure 3.29: Flowchart of the optimisation using design study
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To optimise using a design study, the following steps are taken (lancu, 2017):

3.5.4.1 Defining Initial Simulation Studies

The designer and engineer must conduct at least one preliminary study when using
simulation data sensors in a design study. These initial studies lay the groundwork for
the optimisation process, evaluation, and the program executes these studies with

various variables during each iteration.

3.5.4.2 Evaluating the Results of the Initial Studies

If the designers and engineers utilise simulation studies in the design process,
evaluating the results of the preliminary studies will aid in defining the optimisation
program. Furthermore, examining the specifics, the designer intends to use constraints

as beneficial.

3.5.4.3 Setting the Properties of an Optimisation

Setting the properties for optimisation was accomplished during the optimisation phase,
as shown in Table 3.20 and Figure 3.30. Additionally, the study quality in the property
manager under design study quality was chosen. Likewise, a folder for the default
location in the results directory was selected.

Table 3.20: Setting the properties of an optimisation

Study name Design study 1
Analysis type Optimisation
Design Study Quality High quality (slower)

Result folder SolidWorks document: Selected sewing chair model
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Figure 3.30: Setting the properties of an optimisation

3.5.4.4 Starting a Design Study for Optimising the Model

The new design study has commenced, and a design study tab now appears at the

bottom of the graphics area, as shown in Figure 3.31.
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Figure 3.31: Starting a design study for optimising the selected sewing chair



145

3.5.4.5 Defining Variables

To conduct an optimisation, the continuous variables were defined. These continuous
variables are not suitable for evaluating the optimisation, which serves as an
introductory version of the optimisation tools available in SolidWorks. This means that
one can analyse only one variable at a time, which can be defined across several
parameters to be used as design variables. In the optimisation, under variables, input
the minimum and maximum values, which represent the allowable limits for the
dimension. When specifying these values, ensure they do not contradict other
relationships defined in the model. In the graphics area, a model dimension (design
variable) was selected for optimisation. The model dimension appears in the add
parameters dialog box as a defined design variable: 416.5 mm for seat height, with a
minimum value set to 411.5 mm and a maximum value set to 421.5 mm, with a step of
1 mm; 462 mm for seat depth, with a minimum value set to 457 mm and a maximum
value set to 467 mm, with a step of 2 mm; and 477.8 mm for seat width, with a minimum
value set to 472.8 mm and a maximum value set to 482.8 mm, with a step of 3 mm to
achieve optimal results for the model. The defining variable for the optimisation is
shown in Table 3.21 as well as in Figure 3.32.

Table 3.21: Defining variables for optimisation

Name Model dimension Type Value Units
Seat : Min: 411.5
_ Range with "
hei 416.5 X Max: 421.5 mm
ght Sep Step: 1
Seat . Min: 457
Range with "
de 462 Max: 467 mm
pth step Step: 2
Seat ) Min: 472.8
_ Range with "
Wi 477.8 . Max: 482.8 mm
step

dth Step: 3
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3.5.4.6 Defining Constraints

The constraints were established to outline the requirements that the design must fulfill,
and the global variables or sensors may regulate the mass characteristics, dimensions,
and simulation data. The maximum stress value can be specified; thus, a constraint was
defined for the compressive stress, set at 10 times less than the yield limit for the
selected material (Aluminum alloy 1060), which is 27,570 MPa, as shown in Table 3.22
and Figure 3.33.

Table 3.22: Defining constraints for optimisation
Sensor name  Condition Bounds Units Study name

Stress 4 Is less than Max: 27570 MPa Static
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Figure 3.33: Defining constraints for optimisation
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3.5.4.7 Defining Goals

The goals were established for optimisation to clarify the objective functions. Based on
these goals, sensors were chosen according to mass properties such as mass, volume,
surface area, and center of mass. In the SolidWorks simulation, the main objective is to
reduce the mass by a factor of ten, as illustrated in Table 3.23 and Figure 3.34. It can
be noted that for the selected variables and the increasing steps, there are a total of 330

potential active scenarios.

Table 3.23: Defining goals for optimisation

Mass 2 Minimising Mass 10 -
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Figure 3.34: Defining goals for optimisation
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3.5.4.8 Running the Study

The optimisation runs, necessitating a certain number of iterations. The results appeared
in the results view, and the model was updated to reflect the optimal value.
Additionally, in the simulation wizard for the optimisation, the initial value was
selected to reset the parameter to the original value in the chosen sewing chair model.
Furthermore, the optimal value was selected to set the parameter to the optimised value.
It can be observed that for the selected variables and the increasing steps, there were

332 possible active scenarios that ran successfully, as shown in Figure 3.35.
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Figure 3.35: Running the study for optimisation
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3.5.4.9 Viewing the Results of the Optimisation

The optimisation findings were derived by selecting the results view table. Upon
clicking the results view table, all 332 scenario variables were incorporated into the
model of the ergonomic sewing chair in the graphics window, as illustrated in Figure

3.36.
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Figure 3.36: Results view



151

3.5.4.10 Optimisation Outcomes
The assessment of the optimisation should refrain from using continuous variables, as

a range of variable values cannot sufficiently define the discrete scenarios.

3.5.4.11 Creating Design Scenarios by Modifying the Design Variables

Creating design scenarios by modifying the design variables is a vital step in performing
optimisation in SolidWorks. This allows the designer to explore various design
alternatives and evaluate their performance under different conditions. There are
specific steps for creating design scenarios in SolidWorks, which are ( SolidWorks,

2010):

1. ldentifying the design variables that the designer wants to change: The design
variables can include dimensions, material properties, and other parameters that
affect the behavior of the model. Identifying which variables to change allows

exploration of different design options.

2. Defining the range of values for each design variable: This can be done manually

or by using the design table feature in SolidWorks.

3. Creating the design scenarios: Utilise the design study feature to create multiple
scenarios with different combinations of the design variable values. Each scenario

represents a distinct design option that the designer wishes to evaluate.

4. Running the simulation for each scenario: For each design scenario, the designer
must run the simulation and collect the results. This can be done automatically using

the design study feature in SolidWorks.

5. Analysing the results: Once the results have been collected for each design scenario,
analyse the data and compare the performance of each design option. This can help

designers identify the best design option for their thesis, dissertation, and project.
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3.6 Fabricating the Redesign of Workstations for Garments-Making Workers at
the Sewing Operation

3.6.1 Introduction

The sixth specific objective of this research is to fabricate a redesign of workstations
for garment-making workers at the sewing operation. Following this, simulation and
optimisation were conducted on models of the sewing work to achieve an
ergonomically suitable workstation for the workers. The work was furthered by
fabricating and manufacturing the proposed model and validating the redesign of the
sewing workstation through experimental tasks. The fabrication process commenced
after the redesign, simulation, and optimisation of the sewing workstation. This process
involves the fabrication of all parts that have been redesigned according to the
dimensions using various manufacturing methods. The fabrication process includes:
material selection, measuring, cutting, drilling, grinding, assembling, welding, painting,
and finishing. To accomplish the sixth specific objective, the entire methodology can

be divided into the following steps, as illustrated in Figure 3.37.



Materials selection process

Measuring process

Cutting process

Grinding process

Drilling process

Assembling process

Welding process
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Finshing process

Figure 3.37: Main steps of the fabrication process of the sewing workstations

redesign
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3.6.2 Fabrication Process
In creating the ergonomic redesign of the sewing workstation, particularly the sewing
chair and adjustable sewing machine table, several fabrication processes must be

employed, including:

3.6.2.1 Materials Selection Process

The properties considered in the material selection were limited to: the technical
properties of the materials, such as conductivity, density, strength, etc.; the
manufacturing aspects, including ease of production with existing facilities; the
economic properties, like material cost, production expenses, and availability; and the
ecological properties, such as recycling capability and sustainability (Madara et al.,
2016). The materials selection was done according to Miller, (1989). Aluminum alloy
1060 was chosen for the fabrication of a sewing workstation because it is currently the
most widely used metal in the furniture industry due to its lightweight, competitive cost,
corrosion resistance, and excellent working properties, particularly for molded metal
sewing chairs. Metal remains the preferred material for sewing furniture due to its
contemporary appearance, charm, and character. Meanwhile, wood was selected for the
fabrication of an adjustable sewing machine table because it is the most common
material used in furniture (table) manufacturing and is comparatively low in cost. The
selection of materials and their properties for each part is shown in Tables 3.24 and
3.25, respectively. Additionally, Table 3.26 presents the Bill of Materials (BOM) as the
total parts or components required for the assembly of the worker’s sewing workstation,
which is to be fabricated with consideration of the redesign dimensions based on
anthropometric data. In simple terms, the BOM is a list of all the parts needed to
assemble a redesigned worker's sewing workstation. Typically, the BOM includes the

item or part number, quantity/length per assembly, size, and specifications required per
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assembly. This BOM is primarily for the fabrication of the redesigned worker's sewing
workstation.

Table 3.24: Materials selection for sewing workstation redesign
SI. No Parts Materials References

Polyvinyl Chloride

1 Base seat and backrest seat
(PVC) form
Madara et al.,
Base support and Base
2 Aluminium Alloy 1060 (2016), and
frame
Miller, (1989).
White wood oak (flat-
3 Hardwoods for table
sawn)
Table 3.25: Materials Properties
2 < T @
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Aluminium Alloy 1060 2700 27.57 68.94 27000 0.33
PVC foam 60 26.6 - 70 3

Woods oak 560 - - - -




Table 3.26: Bill of Materials (BOM)

156

No. Material Size Quantity/Length
1 Furniture paint 2 liters 2 pes

2 Flat washers 14 mm 3 pes

3 Aluminium Alloy 1060 lin* 1.5 mm 2 pes/20 ft
4 PVC foam 2m?*3in 2 pes/2m
5 Custom leather upholstery 2m?*3in 2 pes/2 m
6 Thinner 3 liters 1 pes

7 White wood oak (flat-sawn) 4ft*8ft*1in 2 pes

8 Hinges Yain 12 pes
9 Nuts 1*3/4*8mm 12 pes
10 Screws 2*%in* 3 mm 12 pes
11 Nut for adjustability M25%1 mm 1 pes
12 Tilting support for top table 170*10 mm 1 pes
13 Tilting bar for table top 330*%30*2.6 mm 1 pes
14 Back support rods 460*21.3 mm 2 pes
15 L shape ruler metal 16 * 24 in 1 pes
16 Tilt control for chair design 7.9*5.8in 1 pes
17 Protective glasses ANSI 787 1 1 pes
18 Steel marker pen 3-5 mm 1 pes
1 Metal tape measure 8 mm Sbes
20 Goniometer 6/8/12 in 1 pes
21 Back support block board 430*300*19 mm 1 pes
22 Bag shelf metal sheet 920*530*1 mm 1 pes
23 Bag support angles 520*310*20 mm 1 pes
24 Wheel 25in 1 pes
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3.6.2.2 Measuring Process

The measuring process is the fabrication process that measures the materials cut to the
proposed dimensions of the sewing workstation redesign (Qaidir & Abdillah, 2008). To
measure the selected materials to the required dimensions, refer to the chosen sewing
chair and adjustable sewing machine table redesign. This measuring process was
conducted using an L-shaped ruler, measuring tape, and steel marker, as illustrated in

Figure 3.38.

Figure 3.38: Measuring process

3.6.2.3 Cutting Process

The cutting process is a fundamental fabrication method in the manufacturing industry
(Qaidir & Abdillah, 2008). The laser cutting machine, illustrated in Figures 3.39, was
utilised to cut materials into parts according to the specified dimensions of the sewing

workstation.

Figure 3.39: Cutting process using a laser cutting machine
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3.6.2.4 Grinding Process

The grinding process is a fabrication and finishing process in manufacturing that
involves less machining and offers high precision, making it widely used in the industry
(Qaidir & Abdillah, 2008). The hand grinder machine, as shown in Figure 3.40, was
used to adjust the materials of the sewing workstation redesign to ensure they meet the
recommended dimensions of the proposed redesign. Additionally, Personal Protective
Equipment (PPE) such as goggles, gloves, and safety boots were worn before the

grinding process began.

Figure 3.40: Grinding process

3.6.2.5 Drilling Process

The drilling process is a crucial fabrication method that involves cutting to create holes
with a circular cross-section in solid materials (Qaidir & Abdillah, 2008). The sewing
chair and adjustable sewing machine table were marked and drilled using a drilling
machine, following the dimensions of the redesigned sewing workstation, as illustrated

in Figure 3.41.

Figure 3.41: Drilling process
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3.6.2.6 Assembling Process
The assembly process is the culminating stage in fabrication, integrating all upstream
processes of design, engineering, manufacturing, and logistics to produce an object that

serves a specific function. The assembly process is illustrated in Figure 3.42.

Figure 3.42: Assembling process
3.6.2.7 Welding Process
The welding process is a fabrication technique that joins one part to another through a
permanent connection (Qaidir & Abdillah, 2008). This task is performed using arc

welding, as illustrated in Figure 3.43.

Figure 3.43: Arc welding process
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3.6.2.8 Painting Process

The painting process is the final step in the fabrication of the sewing workstation
redesign (Qaidir & Abdillah, 2008). This process begins with cleaning using sandpaper
to remove all rust, followed by a thorough cleaning with thinner to ensure the sewing
workstation redesign product is completely clean. The product was painted in a
black/red oak colour and received two layers of paint. Once the painting process was
complete, the sewing workstation redesign product was dried under the sun, as shown

in Figure 3.44.

Figure 3.44: Painting process

3.6.2.9 Finishing Process
The finishing process in the fabrication of the sewing workstation redesign is a crucial
part of the manufacturing process. In this finishing process, the final product of the

sewing workstation redesign was created.
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CHAPTER FOUR: RESULTS AND DISCUSSION
4.0 Introduction
This fourth chapter of the thesis presents the findings and results discussed in the

specific objectives outlined in the following sub-sections, as illustrated in Figure 4.1.

Assessing work-related risks and hazards for garments workers

Determining the relevant anthropometric dimensions from garments workers

Redesigning a workstation for garments workers

Simulating the redesign of workstations for garments workers

Optimising the redesign of workstations for garments workers

Fabricating the redesign of workstations for garments workers

Figure 4.1: Results and discussions structure
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4.1 Assessing Work-Related Risks and Hazards for Garments
The results of the work-related risks and hazards faced by garment-making workers at

the sewing workstation are discussed in detail below:

4.1.1 Rapid Entire Body Assessment (REBA) Results

The processing of the worker's body posture data is conducted in the sewing
workstation environment as part of the ergonomic redesign of the selected sewing chair
workstation and adjustable sewing machine table for garment manufacturing. This
involves marking a straight line along with the angles of the captured photos. Following
the data processing, an analysis is performed, and the work body posture is scored using
the REBA method. The body segments are categorised into two groups: group A and
group B. Group A includes the neck, back, and knee, while group B comprises the upper
arm, lower arm, and wrist. Additionally, based on the angle data of the body segments
in each group, the scores for group A and group B can be determined. Based on the
dimensions of the angles of the sewing worker’s body parts: Group A (the score for
neck movement was 2 at 28.07°, which is > 20° flexion; the score for back movement
was 2 at 16.93°, which is between 0° - 20° flexion; and the score for knee movement
was 2 at 73.23° which is > 60° flexion). See Table 3.1 in the methodology section.
Group B (the score for upper arm movement was 2 at 28.86°, which is between 20° -
450 flexion; the score for lower arm movement was 2 at 54.88°, which is < 60° flexion;
and the score for wrist movement was 2 at 35.12°, which is > 15° flexion). See Table
3.2 in the methodology section. Figure 4.2 and Table 4.1 illustrate the body posture of
the sewing worker who has been assigned a body posture scale. Based on the group A
scores, using Table A in the methodology section (Table 3.4), it can be observed that
the value of the Table A score is 4. The score for A is calculated by adding the Table A

score of 4 to a load score of 0, resulting in a score of 4. Similarly, based on the group
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B scores using Table B in the methodology section (Table 3.4), it can be seen that the
value of the Table B score is 3. The score for B is calculated by adding the Table B
score of 3 to a coupling score of 0, thus, the score for B is 3. Based on score A and
score B, using Table C in the methodology section (Table 3.4), it can be seen that the
value of score C is 4. The final REBA score is calculated by adding score C of 4 to an
activity score of 1, resulting in a final REBA score of 5. In this study, the final REBA
score for the existing design of the sewing workstation for garment manufacturing is 5,
indicating that postures are at medium risk, corresponding to action level 2, and require
necessary changes. Additionally, Table 4.2 and Figure 4.3 present the final REBA score

for the existing design of the sewing workstation worker's posture.
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Figure 4.2: Sewing Worker’s body posture for ergonomic assessment
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Table 4.1: REBA angle dimensions for sewing worker’s body posture

Group Dimensions Angle
Neck 28.07°
A Back 16.93°
Knee 73.23°
Load 0 kg
Upper arm 28.86°
e Lower arm 54.88°
Wrist 35.12°
Coupling 0 kg
Table 4.2: REBA score on the sewing workstation worker's work posture
Group | Dimensions | Angle | Score | Table A | Score A | Score C RsEcl)Brﬁ
Neck 28.07° 2
A Back 16.93° 2 4
Knee 73.23° 2
Load 0
Group | Dimensions | Angle | Score | Table B | Score B 4 5
Upper arm  28.86° 2
Lowerarm 54.88° 2 3 3
B Wrist 35.12° 2
Coupling 0
Activity score 1
Use table B
+
oadForce Coupling

Score &
Use table C J

scne

+

Activity score 1

-

REBA score

Figure 4.3: The REBA score sheet
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4.1.2 Comparison of REBA results of the Present Study with the Previous Studies
The comparison of the REBA results from this study with previous research on work-
related risks and hazards for workers in various industries is presented in Table 4.3. The
current findings align more closely with those of Kusuma, (2020) and Shah et al.,
(2016), who reported a REBA score of 5 (medium level of risk requiring necessary
changes) for workers at a single-head sandpaper machine and in garment
manufacturing, respectively. Ahmad et al., (2021) determined that the final REBA score
was 8 (high risk requiring immediate changes) for workers in the clothing industry.
Earlier studies by Wibowo & Mawadati, (2021), Al Madani & Dababneh, (2016), and
Beatrix, (2021) found a final REBA score of 11 (very high level of risk requiring
immediate changes) for workers' body posture in the garment industry. This study
corroborates previous research indicating that the REBA method effectively assesses
work-related risks and hazards in the current design of sewing workstations for garment
manufacturing. Furthermore, this study supports earlier findings that the REBA method
can yield comprehensive results in evaluating work-related risks and hazards for
garment workers, helping to determine whether immediate repairs are necessary based

on ergonomic principles.
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Table 4.3: A summary comparison of REBA score of the present study with the previous studies

Objectives Methods R(iBreA Action level References
'Ijo- ar.lalyse the work activities of the 5 Medium level of risk and requires necessary Kusuma, (2020).
finishing process. change.
To identify the level of ergonomic risk. 5 Medium level of risk and requires necessary Shah et al., (2016).
change.
To assess work-related risks and hazards. 5* m:?];uem level of risk and requires necessary Esmaeel, (Present study)
To assess WRMSDs. 8 ;IS: risk and requires necessary change Ahmad et al., (2021).
REBA '

To improve workers’ comfort and High risk and requires necessary change

. Ah 2018).
workplace safety by reducing WRMSDs. 8 soon. med, (2018)
To analyze the work body posture of 1 Very high level of risk and requires  Wibowo & Mawadati,
workers at the garments manufacturing. necessary change now. (2021).
To provide a summary of the REBA, in 11 Very high level of risk and requires Al Madani & Dababneh,
terms of validity. necessary change now. (2016).
To assess work-related MSDs. 12 Very high level of risk and requires Beatrix, (2021).

necessary change now.

*REBA score of the present study
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4.2 Determining the Relevant Anthropometric Dimensions from Garments
Workers

The results of 100 sewing workers' anthropometric data were obtained from garment

workers (50% males and 50% females) at the sewing workstation, REAL, Eldoret,

Kenya. The anthropometric data were analysed using one-way ANOVA and Minitab.

See Appendix XI for the anthropometric data record. The results of this objective are

described in the following sections:

4.2.1 Anthropometric Dimension of the Males and Females Workers at the Sewing
Workstation

A summary of the descriptive statistics results for the recorded anthropometric data sets

of male and female garment workers at the sewing workstation, REAL, Eldoret, Kenya.

These statistics include the 5™, 50™, and 95" percentiles, mean, standard deviation (SD),

minimum (min), and maximum (max) of the entire anthropometric data collected for

garment-making workers. A summary of the descriptive statistics results for the

recorded anthropometric data sets of male and female workers is shown in Table 4.4,
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Table 4.4: A summary of descriptive statistics results of the recorded anthropometric data sets for male and female workers

Male Female
Variable Percentiles Unit Percentiles Unit
Mean SD Min Max Mean SD Min Max
5th 50th 95th 5th 5oth 95th
Sitting height 8298 248 7950 89.10 79.80 82.25 87.20 79.22 3.68 7080 94.30 7350 79.20 86.50
Shoulder height 55.89 253 5210 60.70 52.40 55.60 60.30 53.52 255 47.10 6050 49.20 53.40 57.10
Popliteal height 46.87 254 43.10 52.80 43.70 46.10 52.30 43.35 1.74 40.20 48.00 40.60 43.25 46.50
Elbow height 17.34 3.04 1280 2440 13.30 1755 22.30 1753 3.05 11.20 2750 13.20 1750 22.40
Buttock popliteal
i 52.66 3.12 47.10 60.50 49.20 52.20 58.30 50.86 2.97 42.00 59.00 45.40 51.00 56.00
en
. Cm Cm
Buttock knee length  62.69 3.44 57.10 71.40 59.00 62.15 69.10 60.72 291 54.10 67.70 56.10 60.50 65.40
Thigh clearance 11.80 2.05 8.80 15.70 09.00 11.60 15.30 13.12 2.70 08.30 19.30 08.60 13.15 18.00
Eye height sitting 7156 225 67.30 75.70 67.90 7150 75.50 6759 254 59.80 74.00 63.00 68.00 71.30
Knee height sitting  52.77 3.46 48.20 60.60 49.40 51.40 59.40 50.11 2.28 45.80 55.30 47.00 49.65 55.00
Forearm fingertip
lenath 4793 2.61 4248 5341 43.85 47.70 52.86 45.04 2.16 37.99 50.32 41.78 45.24 48.89
eng
Hip breadth sitting 33.50 2.56 29.18 39.09 29.92 32.94 36.85 36.67 3.01 30.49 46.41 3298 35.98 42.16
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4.2.2 One-Way Analysis of Variance (ANOVA) Results

The eleven anthropocentric parameters obtained from the workers (both males and
females) were compared for variability using the one-way ANOVA analytical tool.
Additionally, the following hypotheses were analysed and tested:

Ho: All samples means are significantly equal.

Hi: At least one mean is significantly different.

Significance level (o= 0.05).

Rejection criterion:

Reject Ho if the p-value is less than the significance level (P < 0.05).

Fail to reject Ho if p-value is greater than the significance level (P > 0.05).

The ANOVA test results failed to reject the null hypothesis in the data sets (P > 0.05).
This indicates that the means of the different samples are equal, demonstrating that
there was no significant difference among the anthropometric data sets between male
and female workers. These findings align with the study by Ezugwu et al., (2020),
which reported no significant differences (P > 0.05) among the anthropometric data sets
between genders for Nigerian workers at the sewing workstation. Table 4.5 presents the

one-way ANOVA results.



Table 4.5: One-way ANOVA results

Variable Sou'rcg of SS df MS F P-value F-crit
variation

Sitting height (erect) 258.3634 1 258.3634 21.88586 9.27E-06* 3.938111
Shoulder height sitting 99.36267 1 99.36267 15.3365 0.000166  3.938111
Popliteal height sitting 226.7844 1 226.7844 59.22882 1.12E-11* 3.938111
Elbow height sitting 0.768505 1 0.768505 0.082836 0.774098* 3.938111
Buttock popliteal length 58.96807 1 58.96807 6.520585 0.012205 3.938111
Buttock knee length (?;‘I’Ze:: d"‘f’;’r:]kaelf) 706427 1 70.6427 7.61407 0006912 3.938111
Thigh clearance 31.7497 1 31.7497 4.832133 0.030288 3.938111
Eye height sitting 291.0086 1 291.0086 47.54426 5.28E-10* 3.938111
Knee height sitting 129.0887 1 129.0887 18.95459 3.29E-05* 3.938111
Forearm fingertip length 152.2521 1 152.2521 29.44268 4.16E-07* 3.938111
Hip breadth sitting 183.3858 1 183.3858 21.68026 1.01E-05* 3.938111

*No significant at P-value > 0.05
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4.2.3 Anthropometric Dimension of the Workers at the Sewing Workstation

The analyses of the anthropometric data sets of the workers are presented in Table 4.6,
including means, standard deviations, and the 5™, 50", and 95" percentiles, as well as
the minimum and maximum dimensions. In anthropometry, the percentiles of various
body dimensions are utilised to determine the redesign dimentions. For seat height, the
5t percentile (lower percentile) of the population's popliteal height is typically
recommended, ensuring that a larger portion of the population is accommodated, thus
allowing shorter individuals to use the redesigned sewing workstation. The 5
percentile of the buttock-popliteal length is considered for seat depth, shoulder height
sitting for upper backrest height, and armrest height for lower backrest height. The 95"
percentile (higher percentile) of hip breadth sitting is generally suggested in the
redesign of seat widths to accommodate as many individuals as possible, allowing taller
persons to utilise the sewing workstation redesign. The data obtained from this study is
beneficial for the sewing workstation redesign in garment manufacturing. With these
characteristics, the study can establish and integrate an anthropometric database for an
ergonomically innovative sewing workstation suitable for garment-making workers.
Table 4.6 summarises the anthropometric measures based on the average of the
collected data, which can be used in redesigning a sewing workstation for garment

workers in Kenya.



Table 4.6: A summary of anthropometric dimensions for workers (n = 100 and all dimensions in cm).

Percentiles

Variable Mean SD Min Max = =5 55F
Sitting height (erect) 80.12 3.78 70.80 94.30 74.00 80.05 87.05
Shoulder height sitting 54.08 2.72 47.10 60.70 49.50* 54.15 58.65
Popliteal height sitting 44.19 2.47 40.20 52.80 41.20* 43.85 48.65
Elbow height sitting 17.48 3.03 11.20 27.50 13.25* 17.50 22.35
Buttock popliteal length 51.29 3.09 42.00 60.50 46.20* 51.30 56.25
Buttock knee length 61.19 3.15 54.10 71.40 56.30 61.05 66.60
Thigh clearance 12.80 2.61 08.30 19.30 08.90 12.25 17.10
Eye height sitting 6856 300 5980 7570  63.59 68.55 73.65
Knee height sitting 50.75 2.84 4580 60.60 47.10 50.25 55.75
Forearm fingertip length 45.73 2.58 3799 5341 42.14 45.72* 50.02
Hip breadth sitting 35.91 3.19 29.18 4641 31.16 35.54 41.55*

*Relevant anthropometric measures for the recommended sewing workstation (sewing chair and adjustable sewing machine table) redesign.
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4.2.4 Proposed Dimensions of the Ergonomic Redesign of the Sewing Workstation
After analysing all eleven anthropometric measurements of the workers at REAL,
Eldoret, Kenya, a final specification for the ergonomic sewing workstation redesign
was proposed, aiming to accommodate the maximum number of workers in garment
manufacturing. The recommended dimensions for the redesigned ergonomic sewing
workstation, based on workers’ anthropometric data, are as follows: seat height is 41.65
cm, seat depth is 46.20 cm, seat width is 47.78 cm, backrest width is 47.78 cm, backrest
height (upper) above the seat is 49.50 cm, and backrest height (lower) above the seat is
13.25 cm. Similarly, research by Harrison et al., (2008) also designed an ergonomic
sewing workstation based on workers’ anthropometric data, establishing that the design
of the workstation and the principles of ergonomics are effectively integrated into the
sewing workstation redesign for garment manufacturing. The recommended
dimensions for redesigning a workstation, along with their criteria for use in the sewing

workstation at REAL, Eldoret, Kenya, are summarised and presented in Table 4.7.
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Table 4.7: Proposed dimensions for a redesign for use in sewing workstations by garments workers at REAL, Eldoret, Kenya

S. No. Seat feature Anthropometric measure Dimensions (cm) Criteria/Determinant References
. . i . 5t percentile of popliteal height i
1. Seat height Popliteal height sitting 41.65 +0.45 cm shoe heel allowance Ismaila et al., (2013).
. th ile of k
2. Seat depth Buttock popliteal length 46.20 > perce.ntl © of buttoc Mohamed et al, (2010).
popliteal length
th - - + -
3. Seat width Ui e St 4778 95" percentile of hip breach Musa & Ismaila., (2014).
15% allowance for clothing
4, Back rest width Hip breadth sitting 47.78 As with seat width Ismaila et al., (2013).
Backrest heigh : e . :
5. ac re:;o\tj;gsga(tUpper) Shoulder height sitting 49.50 51 percentile of shoulder height ~ Mohamed et al., (2010).
Backrest height (Lower) h .
: : . le of i
6 above seat Elbow height sitting 13.25 eI:ovs(:]reCieTtl :itct)in Ismaila et al., (2013).
7. Arm rest height g g
8. Backrest angle - 109° Literature review suggestions Mohamed et al., (2010).
9. Seat angle - 110° From literature review Igbokwe et al., (2019).
A .
10. Sewing table height Functional elbow height 60.73 Sea.t height + functional elbow
height + shoe heel allowance
11 Sewing table depth Forearm fingertip length 45.72 S0 il o i
' g P gertip feng ' fingertip length Ismaila et al., (2013).
95" percentile of hip breadth +
12. Sewing table width Hip breadth 54.01 15% allowance for clothing +
15% allowance as clearance
13. Sewing table angle to Table with horizontal 159 Literature review suggestions Ahmed, (2018).

horizontal
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4.2.5 Dimensions of the Existing Sewing Workstation

The essential dimensions of the existing sewing workstation furniture for workers at
the REAL factory have been gathered to identify mismatches between the workstation
dimensions and the workers' body measurements. The summarised measurements are
displayed in Table 4.8.

Table 4.8: Dimensions of the existing sewing workstation furniture for workers

Abbreviations Dimensions of the existing sewing workstation Unit
SH Seat height 40.00
SD Seat depth 38.90
Cm
SW Seat width 37.20
TH Table height 75.80

4.2.6 Comparison of the Existing and Proposed Sewing Workstation Dimensions
with Worker’s Body Measurements
The sewing workstation dimensions and the corresponding worker body measurements
are calculated and compared using equations (3.9), (3.10), (3.11), and (3.12) as outlined
in the methodology section. The summarised mismatch between the existing and
proposed sewing workstation dimensions and the worker body dimensions are
presented in Table 4.9 and Figure 4.4. The results indicate a significant mismatch
between the existing sewing workstation dimensions and the worker’s anthropometric
measurements. In this study, the mismatches for the existing design are found in seat
height at 63%, seat depth at 81%, seat width at 79%, and sewing table height at 98%.
These findings are consistent with a previous study by Ahmed, (2018), which reported
mismatches in seat height at 64.86%, seat depth at 100%, seat width at 81%, and sewing
table height at 100%. Additionally, this present study also, aligns with earlier research

by M. Ali, et al.,, (2014), which found considerable mismatches between body
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dimensions and sewing furniture dimensions, with seat height at 79%, seat depth at

94%, seat width at 36%, and sewing table height at 79%.

The results comparing existing and proposed sewing workstation dimensions with the
worker’s anthropometric measurements were analysed before and after the integration
of anthropometric data. It was found that the seat height (SH) against to popliteal height
(PH) reduced from 63% to 33%, seat depth (SD) against to buttock-popliteal length
(BP) reduced from 81% to 21%, seat width (SW) against to hip breadth (HB) reduced
from 79% to 67%, and table height (TH) against to elbow height (EH) also reduced
from 98% to 55%. The findings of the present study indicate that the ergonomically
redesigned workstation, based on workers’ anthropometric data, can significantly
reduce the mismatch between sewing workstation dimensions and the worker’s body
dimensions. Table 4.9 and Figure 4.4 illustrate the summary of the mismatch between
sewing workstation dimensions and worker’s body dimensions.

Table 4.9: A summary of the mismatch between sewing workstation dimensions

and worker’s body dimensions

Existing design Proposed redesign
Dimensions
Percentage of mismatch  Percentage of mismatch
PH and SH 63% 33%
BPL and SD 81% 21%
HB and SW 79% 67%

TH and EH 98% 55%
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Figure 4.4: A summary of the mismatch between sewing workstation dimensions

and worker’s body dimensions

4.3 Redesigning a workstation for garments workers

In the case of the ergonomic redesign of the sewing operation workstation, it is essential
to achieve a balance between the workstation’s dimensions and the operator’s
anthropometric measurements to reflect the man-machine relationship. The results of
the workstation redesign for garment-making workers at sewing operations are

discussed in detail below:

4.3.1 Sketches and Complete Model of the Proposed Redesigns
The redesign process commenced with concept creation rooted in a user-centered
design that prioritised safety and health to mitigate ergonomic risks. This is crucial, as

user-centered design is a fundamental technique for sewing product redesign that will
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be integrated with anthropometric data and user recommendations. The redesign
approach must accommodate 95% of the workers, and effective conceptual design
enables users to anticipate the consequences of their actions. This implies that a well-
conceived redesign of the workstation will encourage or inspire workers to use it
comfortably and confidently. Following the analysis of the recorded data, as illustrated
in the previous Tables 4.6 and 4.7, the proposed ergonomically innovative sewing
workstation (including the adjustable sewing chair and adjustable sewing machine
table) was developed using SolidWorks, as depicted in Figures 4.5, 4.6, 4.7, and 4.8

respectively.
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Keys:
No. Seat feature Dimensions (cm)
1 Seat height 41.65
2 Seat depth 46.20
3 Seat width 47.78
4 Back rest width 47.78
5 Backrest height (Upper) above seat 49.50
6 Arm rest height 13.25
7 Backrest angle 109°

Figure 4.5: Sketches of the proposed adjustable workers' sewing chair workstation



Keys:
No. Seat feature Dimensions (cm)
1 Seat height 41.65
2 Seat depth 46.20
3 Seat width 47.78
4 Back rest width 47.78
5 Backrest height (Upper) above seat 49.50
6 Arm rest height 13.25
7 Backrest angle 109°
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Figure 4.6: Complete model of the proposed adjustable workers' sewing chair
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60,73 ¢m

80,73 om

Keys:

Table feature Dimensions (cm)
Sewing table height 60.73
Sewing table depth 45.72
Sewing table width 54.01

Figure 4.7: Sketches of the proposed workers' adjustable sewing machine table
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Keys:
No. Table feature Dimensions (cm)
1 Sewing table height 60.73
2 Sewing table depth 45.72
3 Sewing table width 54.01

Figure 4.8: Complete model of the proposed workers® adjustable sewing machine

table
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4.3.2 Workers' Requirements Survey Results

The sample of 100 respondents (50% male and 50% female) was randomly selected
from the workers at REAL, Eldoret, Kenya. Additionally, a questionnaire was chosen
as the most suitable method, which was pre-tested to ensure its reliability and validity.
The questionnaire data was analysed list-wise using Minitab, and the results are

presented in the following details:

4.3.2.1 Arranging the Importance of the Needs

The ranking of the importance of the needs was conducted after all the questionnaire
data was analysed using Minitab. Refer to the questionnaire form in Appendix XII.
Table 4.10 presents the importance of the needs of the sewing workstation based on the
workers' requirements survey results. See Appendix XIII for the complete data record.
This ranking was performed on a scale from 1 to 5 (1 being the lowest and 5 the
highest). The results were analysed to obtain an average, and only a summary of these
results is displayed.

Table 4.10: Importance of the needs of the sewing workstation

No. Functional requirements Importance
A Adjustable height and back sewing chair 4
B. Adjustable height sewing chair 3
C. Arrow and craft sewing chair 4
D. Camping sewing chair 3
E. Arm sewing chair 3
F. Armless sewing chair 5
G. Sindre sewing chair 2

H. Folding sewing chair 2
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4.3.2.2 Arranging the Importance of the Factors

The factors of importance were organised through a questionnaire and analysed using
Minitab software. Table 4.11 displays the significance of the factors in the ergonomic
sewing chairs redesign based on the workers' requirements survey results. This ranking
was conducted on a scale of 1 to 5 (where 1 is the lowest and 5 is the highest), which
was converted into weights, and the results are presented only as a summary.

Table 4.11: Importance of the factors of the sewing workstation

No. Selection factors Weight
1. Ergonomics and safety 9%
2. Ease of use 7%
3. Ease of manufacture 9%
4. Durability 8%
5. Aesthetic 7%
6. Reliability 7%
7. Maintainability 9%
8. Social appeal 6%
9. Environmental soundness 9%
10. Economic value 8%
11. Utility and function 6%
12. Life cycle cost 8%
13. Availability 7%

4.3.3 Concepts Generation

From the review of the previous designs of the sewing chairs and the ideas, eight
concepts for the current ergonomic sewing chair workstation were generated after
analysing all the workers' needs. At this stage, eight distinct concepts of the ergonomic
sewing chair workstation were developed based on the workers' requirements, with
each concept featuring its own unique functionalities. These eight conceptual sewing
chairs were: A. Adjustable height and back sewing chair, B. Adjustable height sewing
chair, C. Arrow and craft sewing chair, D. Camping sewing chair, E. Arm sewing chair,
F. Armless sewing chair, G. Sindre sewing chair, and H. Folding sewing chair. These
eight conceptual sewing chairs were created using SolidWorks software and are

presented in Figures 4.9 (A), (B), (C), (D), (E), (F), (G), and (H).



185

A. Adjustable height and back sewing chair
B. Adjustable height sewing chair

C. Amow and Craft sewing chair

D. Camping sewing chair

E. Arm sewing chair

F. Ammless sewing chair

G. Sindre sewing chair

H. Folding sewing chair

Figure 4.9: Eight concept redesign of the sewing chairs
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4.3.4 Concept Scoring Matrix

After generating all eight redesign concepts for the sewing chairs workstation, the next
step was to select the best sewing chair redesign using the Concept Scoring Matrix
(CSM) method to simulate, optimise, and fabricate it as well. The purpose of the CSM
is to identify the optimal conceptual redesign of the proposed ergonomic sewing
workstation among the eight redesigns (A, B, C, D, E, F, G, and H) as illustrated in
Figure 4.9 above. In this process, all selection criteria are assigned specific weights in
percentage, based on the results from the workers' requirements survey. These weights
are distributed among the selection criteria, and the total of all weights must equal 100,
as shown in Table 4.12. After distributing the weights among the 13 criteria, the next
step is to rate the redesign concepts, with ratings assigned on a scale of 1 to 5 (1 being
the lowest and 5 the highest). Each weighted score for the selection criteria is calculated
by multiplying the rating by the specific weight, which is then summed to obtain the
total weighted score. The results from the CSM are presented in Table 4.12, where it is
noted that concept (F) was selected with the highest net score of 5 and was used for

simulation, optimisation, and fabrication as outlined in the research objectives.



Table 4.12: Display of the Concept Scoring Matrix (CSM)

Conceptual redesigns

A B C D E E G H
Selection criteria Weight
@mé’-émé’-émgémé’-émé’-émé’-émé’-émé‘
Ergonomics and safety 9% 4 036 3 027 4 036 3 027 3 027 5 045 2 018 2 0.8
Ease of use 7% 4 028 3 021 4 028 3 021 3 021 5 03 2 014 2 014
Ease of manufacture 9% 4 036 3 027 4 036 3 027 3 027 5 045 2 018 2 0.18
Durability 8% 4 032 3 024 4 032 3 024 3 024 5 040 2 016 2 0.16
Aesthetic 7% 4 028 3 021 4 028 3 021 3 021 5 03 2 014 2 014
Reliability 7% 4 028 3 021 4 028 3 021 3 021 5 03 2 014 2 014
Maintainability 9% 4 036 3 027 4 036 3 027 3 027r 5 045 2 018 2 0.18
Social appeal 6% 4 024 3 018 4 024 3 018 3 018 5 030 2 012 2 012
Environmental soundness 9% 4 036 3 027 4 036 3 027 3 027 5 045 2 018 2 0.18
Economic value 8% 4 032 3 024 4 032 3 024 3 024 5 040 2 016 2 0.16
Utility and function 6% 4 024 3 018 4 024 3 018 3 018 5 030 2 012 2 012
Life cycle cost 8% 4 032 3 024 4 032 3 024 3 024 5 040 2 016 2 0.16
Availability 7% 4 028 3 021 4 028 3 021 3 021 5 03 2 014 2 014
Net score 4 3 4 3 3 5 2 2
Rank Second Third Second Third Third First Fourth Fourth
Continue? No No No No No Develop No No
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4.3.5 Sketches of the Selected Proposed Redesign of the Sewing chair Workstations
This research utilised a 3D model of the redesigned sewing chair, beginning with the
creation of sketches and subsequently integrating them into a complete assembly to
achieve the final 3D model. The sketches of the selected ergonomic concept sewing
chair workstations were reimagined according to ergonomic principles. Utilising
anthropometric data, the ergonomic sewing chair was restructured for garment-making
workers at REAL in Eldoret, Kenya, using SolidWorks. The sketches of the

ergonomically redesigned sewing chair workstation are presented in Figures 4.10 and

4.11, respectively.
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Figure 4.10: Sketches of the selected proposed workers' sewing chair workstation
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Keys:
No. Seat feature Dimensions (cm)
1 Seat height. 41.65
2 Seat depth. 46.20
3 Seat width. 47.78
4 Back rest width. 47.78
5  Backrest height (Upper) above seat. 49.50
6  Backrest height (Lower) above seat. 13.25
7 Backrest angle. 109°
8 Seat angle. 110°

Figure 4.11: Sketches of the proposed workers' sewing chair workstation selected
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4.3.6 Completing Model of the Selected Proposed Redesign of the Sewing chair

The model of the concept redesign of the ergonomic sewing chair was completed using
SolidWorks, based on the average anthropometric data mentioned earlier in Table 4.7.
The frame and the complete model of the ergonomic concept redesign of the selected

sewing chair workstation are illustrated in Figures 4.12 and 4.13, respectively.

Figure 4.12: Complete frame of the proposed workers’ sewing chair selected

Figure 4.13: Complete model of the proposed workers' sewing chair selected

4.3.7 Completing Assembly of the Ergonomically Sewing Workstation

After modeling in SolidWorks, the models were imported into CATIA V5 ergonomics
design and analysis 3D CAD software to complete the assembly of the models (selected
sewing chair + adjustable sewing machine table + DHM for RULA analysis, as shown

in Figure 4.14).



Figure 4.14: Complete assembly of the models (selected sewing chair + adjustable sewing machine table + manikin) done by 3D CATIA




192

4.4 Simulating the Redesign of Workstations for Garment Workers

The results of the objective simulation regarding the redesign of workstations for
garment-making workers in sewing operations have been achieved. RULA assessments
were conducted on the sitting posture of the HDM, while FEA analyses were performed
on the model of the selected sewing chair. These results are discussed in the following

section:

4.4.1 Simulation Results of the Rapid Upper Limb Assessment (RULA) Analysis
The findings from the ergonomic analysis conducted on the sitting posture of the HDM

are discussed in the following details:

4.4.1.1 The Evaluation Results of the Upper Limb Analysis

The assembly of the sewing workstation was assessed using a HDM representing the
50" percentile of workers. The RULA analysis was conducted in a sitting position while
a worker performed a task (sewing) in the sewing workstation environment. The RULA
analysis method evaluates based on a score and colour, which are interrelated. The
colours are green, yellow, orange, and red. Green indicates that the body posture is good
and acceptable, while red signifies that the body posture is poor and requires immediate
changes. The RULA analysis combines postural evaluations of different muscle groups
characterised as: muscle group A (comprising the upper arm, lower arm, and wrist) and
muscle group B (comprising the neck, trunk, and leg). The total score was calculated
based on the combinations of both muscle groups. The evaluation results of upper limb
analysis for the sitting posture of the HDM, based on anthropometric data, fell within
the acceptable score range. The final RULA score of 1 indicated a negligible risk of
MSDs, and thus the proposed redesign of the sewing workstation is deemed acceptable,

as shown in Table 4.13.
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Table 4.13: The evaluation analysis results of the upper limb

Place Scores and colours Recommendation
Upper arm The evaluation analysis results of upper
Forearm
Wrist limb analysis for the sitting body
Wrist twist
Posture A posture of the HDM, based on the
Muscle anthropometric data, were within the
Force/load
Wrist and arm acceptable range. The final RULA
neck
Trunk score of 1 indicated a negligible risk of
Legs
Posture B MSDs. Consequently, the redesign is

Neck, trunk and leg
deemed acceptable, and the dimensions

Final/total score of the proposed sewing workstation are

finalised.

4.4.1.2 Simulation Results of the RULA Ergonomic Analysis

The simulation results of the RULA ergonomic analysis were conducted on the
complete assembly of the models (selected sewing chair + adjustable sewing machine
table + manikin) using 3D CATIA V software. Consequently, the analysis of the sitting
body posture of the HDM for the proposed ergonomic model yielded a final RULA
score of 1, indicating that the ergonomic risk for MSDs was negligible. Thus, this study
contributes to the comfort of workers at the workstation. Figure 4.15 illustrates the
simulation results of the RULA ergonomic analysis for the complete assembly of the

models at the sewing workstation.
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RULA Analysis (ManikinT)

Side ) eft @ Right
— Parameters Details
Posture

() Static ® Intermittent ) Repeated
Repeat Frequency

@ < ATimesfrain, O >4 Tirmes/min,

U Arm supported/Person leaning
Muscle:

Force/Load:
Wrist and Arm:
_+] Neck:
Load: Iﬂkg E _+] Trunk:

—Score

(=2~

[ Arms are working across midline

[] Check balance

Leg:
Final Score: 1 Posture B:

Acceptable Meck, Trunk and Leg: 1

Figure 4.15: Simulation results of the RULA ergonomic analysis for HDM (manikin)
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4.4.1.3 Comparison of RULA results of this study with the previous studies

The comparison of the RULA results from this study with those of previous analyses
of HDM at the sewing workstation is presented in Table 4.14. Previous studies by
Upasana & Vinay, (2017) on the work body posture in the sewing workstation and
Oztirk & Esin, (2011) on ergonomic risk factors among female sewing machine
operators found a final RULA score of 7, indicating a high level of risk that requires
immediate changes. Previous rsearch by Saguyod et al., (2021) on ergonomic
workstation design for apparel manufacturing workers and Shah et al., (2016) on
awkward body postures in the garment manufacturing industry confirmed a final RULA
score of 5, which signifies a medium level of risk that necessitates prompt changes.
This study aligns with previous findings that indicate a final RULA score of 1 can yield
maximum results in simulating an HDM in the proposed redesign of an ergonomically
innovative sewing workstation for garment manufacturing. Furthermore, this study
concurs with earlier research by Saguyod et al., (2021) and Shah et al., (2016), which
asserts that RULA score results provide a comprehensive assessment in simulating an
HDM to determine the acceptability of the sewing workstation redesign based on

ergonomic principles.
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Table 4.14: Comparison of RULA ergonomic analysis results of this present study with the previous studies

Titles of the Studies Final RULA score Risk Level Recommendation References
Work Posture A ment of Tailors By RULA and REBA :
ork Posture Assessment o a_ ors By RULA and y - Upasana & Vinay, (2017)
Analysis. Investigation and
Investigation of Musculoskeletal Symptoms and High changes required
Ergonomic risk Factors among Female Sewing Machine 7 immediately Oztirk & Esin, 2011)
Operators in Turkey.
Working Conditions of Iranian Hand-Sewn shoe Workers . _—
and Associations with Musculoskeletal Symptoms. 0 Dianat & Salimi, (2014)
Analysis of Working Posture on Musculoskeletal
Disorders of Vocational Garment Student’s in Garment 5 Aribowo et al., (2020)
Assembly Operations Practice. Investigation and
An Ergonomic Workstation Design for Apparel Medium changes required
Manufacturing Workers in the Philippines. > soon Saguyod et al., (2021)
Ergonomic Risk Factors for Workers in Garments 5
Manufacturing: A Case Study from Pakistan.
Prevalence of Musculoskeletal Problems and Awkward 5 Shah etal., (2016)
Posture in a Pakistani Garments Manufacturing Industry.
Further
An Ergonomic Analysis of the Seat-Sewing. 4 Low Investigation and Rittel, (2010)
changes may be
needed
Integration of Anthropometric Data in the Ergonomic
Design of Sewing Workstation for Garments 1 Negligible Acceptable Present study

Manufacturing. Case Study At REAL, Eldoret, Kenya.

*RULA score of the present study
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4.4.2 Simulation Results of FEA Static Analysis for the Selected Sewing Chair

A FEA static simulation study was conducted on the selected sewing chair model with
a deformation scale of 30,050.2 to verify the model's capability to support the weight
of the human body. An external force of 800 N (80 kg) was applied to the upper side of
the sewing chair, while a force of 150 N (15 kg) was applied to the backrest. The FEA
static test utilised aluminum alloy 1060 with the following properties: elastic modulus:
69,000 MPa; yield strength: 27.57 MPa; tensile strength: 68.93 MPa; specific heat: 900
J/(kg-K); Poisson's ratio: 0.33; mass density: 2,700 kg/m3; thermal conductivity: 200
WI/(m-K); and shear modulus: 27,000 MPa, to assess the chair's ability to support
human weight. The complete report of the FEA static simulation results can be found
in Appendix XIV. Additionally, the findings of the FEA static simulation studies are

discussed in the following details:

4.4.2.1 Results of Stress Analysis of the Selected Sewing Chair Model

The stress analysis results for the selected sewing chair are presented in Figure 4.16 and
Table 4.15, detailing the maximum and minimum stress values for the model acting on
the seat and backrest. The maximum stress at the seat is 7.175E — 01 MPa, occurring at
node 67581, while the minimum stress is 1.414E — 05 MPa, at node 48336. The
maximum stress value for the model does not exceed the yield strength of the selected
material, which is 2.757E + 01 MPa, remaining below the assigned safety level.

Therefore, the model part will not break or fail under applied external loads.
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Madel name: Full-model of the chair..step
Study name: Static 1(-Default-)
Plot type: Static nodal stress Stress1
Deformation scale: 30,050.2

von Mises (N/mm”*2 (MPa))

7175e-01

l_ 6.457e-01

- 5.740e-01

Max:[ 7.175e-01

- 5.022e-01

- 4.305e-01

_ 3.587e-0

_ 2.870e-0

- 2.153-01

Min:| 1.414e-05 1.435¢-01

7.176e-02

1.414e-05

— Yield strength: 2.757e +01

L

Study1 | ¥ Static1 |

Figure 4.16: Results of stress analysis of the selected sewing chair model

Table 4.15: Results of stress analysis of the selected sewing chair model

Linear static analysis Value/Units

Yield strength for the selected material 2.757E + 01 MPa

7.175E — 01 MPa
Max stress of the sewing chair model
Node: 67581

1.414E — 05 MPa
Min stress of the sewing chair model
Node: 48336




199

4.4.2.2 Results of Displacement Analysis of the Selected Sewing Chair Model

The displacement analysis results for the selected sewing chair model are presented in
Figure 4.17 and Table 4.16, detailing the maximum and minimum displacement values
for the model affecting the seat and backrest. The maximum displacement at the seat is
3.209E — 03 mm, occurring at node 26013, while the minimum displacement is 1.000E
— 30 mm, at node 36303. The model's maximum deformation is quite small, measuring
0.03209 mm, which is below the assigned safety threshold. Therefore, the maximum
displacement was observed when the model was subjected to the specified loads, which
was barely noticeable; thus, it was determined that the part is acceptable for operation

under those conditions.

Model name: Full-model of the chair..step
Study name: Static 1{-Default-)

Plot type: Static displacement Displacement1
Deformation scale: 30,050.2

Max:|3.200-03 &

URES (mm)
3,209-03

._ 2,889-03

- 2.568e-03

- 2.247e-03

- 1.926e-03

_ 1.605e-03

- 1.284e-03

1.000e-30 &

- 9.628e-04
6.41%-04

3.209e-04

1.000e-30

Study T | i Static1 |

Figure 4.17: Results of displacement analysis of the selected sewing chair model

Table 4.16: Results of displacement analysis of the selected sewing chair model

Linear static analysis Value/Units

Maximum deformation for model 0.03209 mm
. . . 3.209E — 03 mm

Max displacement of the sewing chair model Node: 26013
1.000E — 30 mm

Min displacement of the sewing chair model Node: 36303
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4.4.2.3 Results of Strain Analysis for the Selected Sewing Chair Model

The strain analysis results for the chosen sewing chair model are presented in Figure
4.18 and Table 4.17. The maximum strain value at the chair's seat is 6.258E — 06,
associated with element 35287, while the minimum strain is 1.502E — 10, linked to
element 27300. The maximum strain occurs at the center of the seat, indicating that
elongation takes place when the seat is subjected to a load. Since the strain value does
not exceed the tensile strength of the selected material, which is 6.893E + 01 MPa, the

seat model will not break or fail under this applied load.

Model narme: Full-model of the chair,step ESTRM
Study name: Static 1(-Default-)
Plot type: Static strain Straind

Deformation scale; 30,050.2

6.258e-06

.. 5,632e-06

- 5.006e-06

hax:| 6.258e-06 o

- 4.387e-06
_ 3.755e-06
. 3.12%-06

. 2.503e-06

Min:[1.502e-10 @

. 1.878e-06
1.252e-06

6.259-07

1.502e-10

¥ Static 1

Study 1

Figure 4.18: Results of strain analysis of the selected sewing chair model

Table 4.17: Results of strain analysis of the selected sewing chair model

Linear static analysis Value/Units
Tensile strength for the selected material 6.893E + 01 MPa
Max strain of the sewing chair model 6.258E — 06
Element: 35287
1.502E - 10

Min strain of the sewing chair model Element: 27300
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4.4.2.4 Results of Factor of Safety (FOS) analysis for the Selected Sewing Chair
Model
The Factor of Safety (FOS) analysis results for the selected sewing chair model are
presented in Figure 4.19 and Table 4.18. The maximum FOS value at the chair's seat is
3.000E + 00, associated with node 1, while the minimum FOS is also 3.000E + 00,
linked to node 1. The results further indicate a minimum FOS distribution value of 3
from the model analysis. This suggests that the model requires three times the loads
applied to deform the selected material, which can be considered within the acceptable

safety limits.

Model name: Full-rmodel of the chair.step
Study narme: Static 1(-Default-)

Plot type: Factor of Safety Factor of Safety]
Criterion | Automatic

Factor of safety distribution: Min FO% =3

FOS
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3,003 +00

Pl ax:

)
[=]
=
o
i
+
=
=
(0

. 3.002e+00

. 3.002e+00

. 3.002e +00

. 3.002e+00

Ilin:

. 3.007e+00

. 3007e+00

. 3.007e+00

3.000e +00

3.000e +00

Study 1 | ¥ Static 1

Figure 4.19: Results of FOS analysis of the selected sewing chair model

Table 4.18: Results of FOS analysis of the selected sewing chair model

Linear static analysis Value/Units
Min FOS distribution for sewing chair model 3
. . 1.000 + 00
Max FOS of the sewing chair model Node: 1
1.000 + 00

Min FOS of the sewing chair model Node: 1
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4.4.2.5 Comparison of FEA Results of This Study with the Previous Studies

The comparison between the FEA results of this study and previous studies simulating
the sewing workstation is presented in Table 4.19. According to several earlier studies
by Madara et al., (2016) on an innovative conceptual design of a manual concrete block-
making machine; Mohd & Esa, (2021) on design, analysis, and optimisation using
SolidWorks simulation of a chair ladder; Mahantesh et al., (2023) on design and
modeling using FEA for the sitting posture of computer users from an ergonomic
perspective; Paper et al., (2013) on mechanical design and simulation of a two-wheeled
wheelchair using SolidWorks; Paper & Aksaray, (2015) on FEA (fatigue) of wooden
furniture strength; and Langové et al., (2019) on the construction of wood-based lamella
for increased load on seating sewing furniture, these studies found that the maximum
stress is less than the yield strength. Therefore, their models will not break or fail due
to the applied external loads. This study aligns with previous research, indicating that
the maximum stress of the sewing workstation model is less than the yield strength of
the selected material. Thus, the proposed sewing chair model will not break or fail under
these applied external loads. Furthermore, this study concurs with earlier findings that
FEA is the most common analytical tool used to evaluate the strength of redesigned
sewing furniture chairs, and the resultant stiffness matrix structural analyses will

identify the weak points in the models' structures.



Table 4.19: Comparison of FEA results of this present study with the previous studies
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Titles of the studies Materials used Human weight applied FEA Results References
Max stress Remarks
Innovative ~Conceptual = Design  of - A1qy steel, with yield strength is 620.422 981 N applied at the base ~ 0.590262 Madara et al.,
Manual-Concrete-Block-Making- MP late MPa (2016)
Machine. a plate. ‘ '
Design, Analysis and Optimisation
Using SOLIDWORK Simulation of Pine wood, with the yield strength is 20 MPa. 1500 N applied at the seat. BEESE 0 MO8 & [y
. MPa. (2021).
Chair Ladder.
Design and Modeling Using Finite . . .
Element Analysis for the Sitting Aluminium alloy 6061, with the yield strength 800 N on the base seat and The maximum  Mahantesh et
276 MPa. 150 N on the backrest of 29.99 MPa. ;
Posture of Computer Users Based on stress is less al., (2023).
. : the seat. .
Ergonomic Perspective. than the yield
Mechanical Design and Simulation of Aluminium alloy 1350, with the yield 980 N on the upper side of ~ 1.761E — 01 strength. Thus, Paper et al.,
Two-Wheeled  Wheelchair  Using trength is 27.57 MP the frame MPa the part will (2013)
SolidWorks. strength 1S 27. a. ' ' not broke or '
- . . . ) . . 440 N applied on the seat fail due the Paper &
\Ij\l/r;ggelglgumri?:uQrglrﬁlstéFatlgue) of  Scots pine wood, WI;[\%ZE yield strength is 72 and 330 N applied on the 4098 MPa. applied Aksaray,
gth. ' backrest. external loads. (2015).
Construction of Wood-Based Lamella Langova et al
for Increased Load on Seating Wood, with the yield strength is 23,781 MPa. 150 kg applied on the seat. ~ 28.157 MPa. ?2019) N
Furniture. '
Ergonomic Redesign of Sewing
Workstation for Garments  Aluminium alloy 6061, with the yield strength BSgONNogntTﬁebgzilfrethr}d 7.175E - 01 Present stud
Manufacturing: A Case Study of is 2.757E + 01 MPa. MPa. y

REAL, Eldoret, Kenya.

the seat.




204

4.5 Optimizing the Redesign of Workstations for Garment Workers
The results of the optimisation and redesign of workstations for garment-making

workers at sewing operations are discussed in detail below:

4.5.1 Optimisation Results

Based on the calculations and the simulation analysis results, the selected sewing chair
was optimised using SolidWorks. The overall dimensions of the chosen ergonomic
sewing chair model, based on the anthropometric data, have general measurements of
41.65 cm for seat height, 46.20 cm for seat depth, and 47.78 cm for seat width. After
successfully running the optimisation, the program cycled through 332 of 332 possible
scenarios and provided optimal results as seen in scenario no. 1, which are: The optimal
dimensions of the model were 416.5 mm for seat height, 457 mm for seat depth, and
472.8 mm for seat width; the optimal stress of the model, established from the results,
was 2.662E+01 MPa; and the optimal mass of the model was 19865.24 g. The
optimisation results for this study are presented in Tables 4.20 and Figure 4.20.

Additionally, the full report of the optimisation can be found in Appendix XV.
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Table 4.20: Optimisation results of sewing chair model for scenarios (1 to 52)

Component name Tmitz Current Imitial Optimal (1) Scenariol Scenariol
Height mm 416.5 416.5 411.5 4115 412.5
Depth mm 462 4452 4357 457 4357
Width mm 4778 4778 4728 T1.8 T2
Stressd Nimm™2 (MPa) 15033 15833 26.624 16.624 248.149
Alassl g 19373.54105 1937354105 10865 23673 1986523675 | 1986569371

Component name Tmitz Scenariod Scenariod Scenariod Scenariod ScenarioT
Height mm 413.5 414.5 415.5 414.3 4175
Depth mm 457 457 4357 457 457
Width mm 4718 4718 472.8 728 T2
Stressd Nimm™2 (MPa) 26342 16174 26,662 13873 26485
Alassl g 19346.15068 19036650764 10867 05461 1986752075 | 1986707853

Component name Tmitz Scenariod Scenario® Scenariold Scenarioll Scenarioll
Height mm 418.5 418.5 420.5 411.5 411.5
Depth mm 457 457 4357 457 459
Width mm 4718 4718 472.8 4718 4728
Stressd Nimm™2 (MPa) 17202 26.081 25914 2711 26527
Alassl g 10348.43468 103468 80244 10869 34242 108469 80639 | 1084756487

Component name Units Scenariold Scenariold Scenariols Scenariol | ScemariolT
Height mm 412.5 413.5 414.5 4155 414.5

Depth mm 459 459 439 430 454
Width mm 4718 4728 472.8 728 T2
Stressd N/mm™2 {MPa) 15045 26548 15878 25974 26.246
Mlassl E 108468.02184 198684738 10868.93576 1986030273 19860 84887

Component name TUnits Scenariold Scenariol® Scenariold Scenario2l Scenario2l

Height mm 417.5 418.5 419.5 4205 421.5

Depth mm 459 459 439 430 454
Width mm 4718 4728 472.8 728 T2
Stressd N/mm™2 {MPa) 26.04 26954 26970 25.703 27.249
Mlassl E 19870.30665 19870.7428 10871.22058 19871.67755 19872.13451

Component name TUnits Scenariold Scenariol4 Scenariols Scenariold Scenariol 7

Height mm 411.5 412.5 4135 414.5 4155

Depth mm 451 451 441 461 441
Width mm 4718 4728 4728 T2 4728
Stressd N/mm™2 {MPa) 26383 26172 26.533 26.123 26970
Mlassl E 193465850209 19870.34204 19870.805692 19871 26388 19871.72085

Component name TUnits Scenariol§ Scenariol® Scenariod Scenariodl Scenarind?

Height mm 416.5 417.5 418.5 4195 420.5

Depth mm 451 451 441 461 441
Width mm 4718 4728 728 T2 4718
Stressd N/mm™2 {MPa) 26.072 26482 25,783 26.787 26.34
Mlassl E 19872.17609 19872.63478 19873.00092 19873 5487 19874.00567
Component name Units Scenario33 | Scenario34 | Scenario35 | Scenario3f | Scenariol?
Height mim 421.5 411.5 412.5 413.5 414.5
Depth mim 461 463 463 463 463
Width mim 471.8 472.8 471.8 471.8 471.8
Stress4 HNSmm*"Z (MPa) 25.973 26.532 27.356 27.176 15.88
Mass2 q 19874 46263 [ 1987222111 1987267808 [ 1987313504 | 1987359201
Component name Units ScenarioZB | Scenario39 Scenario4d | Scenariodd Scenariod?
Height mim 415.5 416.5 4175 A16.5 4195
Depth mim 463 463 463 463 463
Width mim AT1.8 472.8 4718 A71.8 471.8
Stress4 HNSmm*"Z (MPa) 26.949 26.572 26.837 25.654 26 471
Mass2 q 19874 04897 | 1987450511 198745629 19875415904 | 19875 87682
Component name Units Scenario43 | Scenario44 | Scenario45 | Scenario46 | Scenariod7
Height mim 420.5 421.5 411.5 412.5 413.5
Depth mim 463 463 465 465 465
Width mim 4AT1.8 4T72.8 4718 4T71.8 471.8
Stress4 N mm*Z (MPa) 26.932 26866 26889 27.214 26114
Mass2 q 19876.33379 | 1987679073 | 19874 54924 19875. 0062 19875.46316
Component name Units Scenario48 | Scenario49 | Scenario50 | ScenarioSi Scenario52
Height mm 4145 415.5 416.5 4175 418.5
Depth mm 465 465 465 465 465
Width mm 4728 471.8 472.8 4718 472.8
Stress4 NSmm*Z (MPa) 7.1 256846 15.8 25.976 26403
Mass2 q 19875.92013 | 19876 37709 | 19876 83323 | 19877.29102 | 19877.74716
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Figure 4.20: Optimisation results of the selected sewing chair model
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4.6 Fabricating the Redesign of Workstations for Garment Workers
The results of fabricating the redesign of workstations for garment-making workers at

sewing operations are discussed in detail below:

4.6.1 The Complete Sewing Chair Redesign Product
After all the necessary fabrication processes were completed, the final selected redesign

of the sewing chair is shown in Figure 4.21.

Figure 4.21: The complete sewing chair redesign product

4.6.2 The Complete Adjustable Sewing Machine Table Redesign Product
After all the necessary fabrication processes were completed, the redesigned adjustable

sewing machine table is shown in Figure 4.22.

Figure 4.22: The complete adjustable sewing machine table redesign product
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4.6.3 The Complete Assembling of the Sewing Workstation Redesign Product
After the selected sewing chair and adjustable sewing table were fabricated, the
redesigned sewing workstation intended for use by the workers at the garment

manufacturing facility, REAL, in Eldoret, Kenya, is illustrated in Figure 4.23.

Figure 4.23: The complete assembling of the sewing workstation redesign

4.6.4 Cost Estimation of the Complete Sewing Workstation Redesign Product

The total cost for the fabrication of the proposed sewing workstation (sewing chair and
adjustable sewing table) redesign product is presented in Table 4.21 below, assuming
the labor cost is 30% of the total material cost. From Table 4.21, it can be seen that the
total cost, including materials, labor, and overhead, is 22,501.00 KES (1 USD =129.00
KES), which is equivalent to USD 174.43. This is more affordable compared to the
available sewing workstation (sewing chair and adjustable sewing machine table)
redesign products on the market, which range from USD 300.00 to USD 500.00.

Additionally, the manufacturability of this proposed sewing workstation redesign
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product is less time-consuming and more operator-friendly compared to the existing

sewing workstation.

Table 4.21: Total cost of the complete sewing workstation redesign product

No. Items Size Quantity Cost (KES)
1 Wheel 2.51in 4 pes 1,000.00
2 Washer 14 mm 3 pes 150.00
3 Aluminium (AA 6061) lin*15mm  2pes/20ft  4,800.00
4 PVC foam 2m?*3in 2 pes/2 m 1,000.00
5 Custom leather upholstery 2m?*3in 2 pes/2m 800.00
6 Thinner 3 liters 1 pes 600.00
7 Wood white oak (flat-sawn)  4ft*8ft* 1in 2 pes 5,200.00
8 Hinges Y in 12 pes 720.00
9 Nuts 1*3/4*8 mm 12 pes 480.00
10 Screws 2*%in* 3 mm 12 pes 420.00
11 Paint 2 liters 2 pes 600.00
12 Labor cost 4,731.00
13 Overhead cost 2,000.00

Total cost 22,501.00

4.6.5 The Complete Sewing Workstation Resign Product Specification

Every final product must have its own specifications. In this research, the redesigned

sewing workstation product (specifically the sewing chair and adjustable sewing

machine table) was categorised into several aspects such as colour, weight, width, and

others. The specifications for the redesigned sewing workstation product are shown in

Table 4.22 below.

Table 4.22: The complete sewing workstation redesign product specification

Category Specification
Colour Black / Red oak
Maximum height of the adjustable sewing table 75.73 cm
Minimum height of the adjustable sewing table 55.73 cm
Height of the sewing chair 41.65 cm
Weight of adjustable sewing table 28 kg
Weight of the sewing chair 19.86 kg

Other specification

Ergonomically redesigned
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CHAPTER FIVE: CONCLUSIONS AND RECOMMENDATIONS
5.0 Introduction
This fifth chapter of the thesis summarises the conclusions and recommendations
derived from the study's results and analysis. It also highlights areas for further research,

limitations and challenges, as well as potential beneficiaries of the study.

5.1 Conclusions
From the results and discussion of this study, the following unique conclusions of the
researcher have been drawn based on the specific smart objectives that were achieved

through:

1. The analysis of the worker's body posture at the current sewing workstation resulted
in a final REBA score of 5, indicating a medium ergonomic risk and the need for
changes.

2. The ANOVA tests results were failed to reject the null hypothesis in the data sets
(P> 0.05). Therefore, there was no significant difference in the anthropometric data.
The recommended dimensions for an innovative, ergonomically suitable sewing
workstation, redesigned based on anthropometric data, significantly reduced the
mismatches between the sewing workstation dimensions and the relevant body
dimensions.

3. From the present study, it is anticipated that a criterion determinant for a sewing
workstation should be utilised whenever designers and engineers aim to create an
ergonomic workstation that incorporates ergonomic principles. This research
proposed a redesign of an innovative ergonomically suitable sewing workstation to
enhance the match between workstation dimensions and workers' anthropometric

characteristics.
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4. Analysis of the sitting body posture of the HDM for the proposed ergonomic model
yielded a final RULA score of 1, indicating that the ergonomic risk for MSDs was
negligible. Thus, this study contributes to the comfort of workers in the workstation.
The FEA results demonstrated that the aluminum model passed the test
satisfactorily, based on several criteria: the maximum stress was 7.175E-01 MPa
and did not exceed the material's yield strength, which was acceptable; the
maximum displacement was 3.209E-03 mm, resulting in a maximum deformation
of 0.03209 mm, which was below the assigned safety level; the maximum strain
derived from the results was 6.258E-06, which can be considered within the
acceptable range for the material, indicating that the model would not break or fail
due to the applied loads. Additionally, the results established a minimum FOS
distribution value of 3 from the model analysis. This implied that the model requires
three times the applied loads to deform the selected material, which can be
considered within the safety limits.

5. After successfully running the optimisation, the program cycles through all 332
possible scenarios and presents the optimal results found in scenario no. 1: the ideal
dimensions of the selected sewing chair model are 416.5 mm for seat height, 457
mm for seat depth, and 472.8 mm for seat width; the optimal stress of the model is
2.662E+01 MPa; and the optimal mass of the selected sewing chair model was
19865.24 g.

6. The sewing workstation redesign product was fabricated and produced using all the
necessary manufacturing processes, including the materials selection process,
measuring process, cutting process, drilling process, grinding process, assembling

process, welding process, painting process, and finishing process. This product
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differs from others in the current market because it is an innovative, ergonomically

suitable redesigned sewing workstation based on the worker’s anthropometric data.

5.2 Recommendation

It is highly recommended that the anthropometric data set from this research be utilised
for the redesign of sewing workstations for workers not only in the selected REAL
factory in Eldoret, Uasin-Gishu County, but throughout Kenya. This is because the
REAL factory chosen for this research is a public facility that promotes equal
opportunities for Kenyans from all regions of the country. The data collected for an
innovative, ergonomically suitable redesigned sewing workstation should be applicable
for all workers in garment manufacturing across Kenya. This will ensure safety,
comfort, adaptability, and suitability, ultimately guaranteeing user satisfaction and

reducing the incidence of MSDs.

5.3 Areas of Further Research

After the above, unique findings on an innovative ergonomic sewing workstation
redesign based on workers' anthropometric data were collected according to 1SO 7250-
1:2017 international standards. It is therefore fully suggested that in the future, similar
scientific research should be conducted in other countries to establish an adequate
database of anthropometric measurements. This can assist designers, engineers, and
economists in developing solutions for workers who continue to suffer from using un-
ergonomically designed workstations in their companies. Additionally, there are many
types of materials that can be used in fabricating a sewing workstation. However, the
most important factors to consider when selecting materials are strength, durability, and

toughness. Lastly, the final redesigned of the sewing workstation should be prepared
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for the marketing stage, as there are few ergonomic workstation products available in

the market.

5.4 Limitations/challenges

Although the unique present research has achieved its objectives and was wisely
prepared, there were some limitations that need to be carefully considered in future
studies. In addition to designing an innovative, ergonomically suitable sewing
workstation based on the workers' anthropometric data, there is also a need to conduct
proper sensitization on postures, disabilities, safe practices, and ergonomic methods
that promote comfort, health, and safety among sewing workers. Furthermore, during
the collection of anthropometric measurements, challenges arose in finding the

appropriate time and place for the sewing workers.

5.5 Potential Beneficiaries of the Present Study

While proud and pleased with the unique outcomes of this study, there are hopes that:

e The findings and their procedures have significant implications; thus, the outcomes
may contribute to improving ergonomic safety in garment manufacturing and
provide comfort to the workers.

e This study can also assist garment manufacturers in enhancing workers’ health and

safety.
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Appendix I1: Some ISO Standards for Ergonomists

Standard Year published | Title

General:

-1ISO 7317 1987 Ergonomics: Standards guidelines for
designers.

-1SO 6385 1981 Ergonomics principles in the design of
work-systems.

-1SO 18529 2000 Ergonomics-Ergonomics of human
system interaction-human-centered
lifecycle process descriptions.

-1SO 13407 1999 Human-centered design processes for
interactive systems.

Physical-workload:

-1SO 1128-1-3 2000 Ergonomics-manual handling parts 1 to 3

-1SO 53120 1996 Equipment for manual handling.

-1SO 11226 2000 Ergonomics-evaluation of static work
postures.

Workspace design:

-1SO 9241 1990s Ergonomics requirements for office work
with visual display terminals-parts 1-9.

-1SO 11064-1 - Ergonomic design of control centers.

Control room layout.

Physical environment:

-1SO 13340-1 1995 Protective equipment in general.

-1SO 1996 1996 Protective gloves.

Physical work/stress:

-1SO 8996 1990 Ergonomics-determination of metabolic
heat production.

Mental work/HCI:

-1SO 9241 1990s Ergonomic requirements for office work

with visual display terminals-parts 1017.
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Display and controls:

-1ISO 9355 1999 Ergonomic principles for the design of
signals.

-1SO 11429 1996 Ergonomics-system of auditory and
visual danger and information signals.

-1ISO 7731 1986 Ergonomics. Danger signals for public
and work areas auditory danger signals.

Work environment:

-1SO 13731 1995 Ergonomics of the thermal environment.
Vocabulary and symbols.

-1SO 11399 2001 Ergonomics of the thermal environment-
principles and application of relevant
international standards.

-1SO 9116-1 1989 Lighting in general.

-1SO 91160-10 1989 Interior lighting.

-1SO 8995 1989 Principles of visual ergonomics-the
lighting of indoor work systems.

-1SO 1996-1 1982 Acoustics-description and measurement
of environment noise.

-1SO 9921-1 1996 Ergonomic  assessment of  speech
communication.

Safety:

-1SO 15534-1-3 2000 Ergonomic design for the safety of
machinery, parts 1-3.

-1SO 14121 1999 Safety of machinery-principles of risk
assessment.

-1SO 13854 1996 Safety of machinery-minimum gaps to

avoid crushing parts of the human body.

Source: (Woo et al., 2016 and Parsons, 1995)
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Appendix I11: 1SO 7250-1 International Standard
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INTERNATIONAL STANDARD 1SO 7250-1:2017(E)

Basic human body measurements for technological
design —

Part 1:
Body measurement definitions and landmarks

1 Scope

This document provides a description of anthropometric measurements which can be used as a basis
for comparison of population groups and for the creation of anthropometric databases (see [SO 15535).
The basiclist of measurements specified in this documentis intended to serve as a guide for ergonomists
who are required to define population groups and apply their knowledge to the geometric design of
the places where people work and live. In addition, the list serves as a basis for extracting one- and
two-dimensional measurements from three-dimensional scans (specified in 1SO 20685). It serves as
a guide on how to take anthropometric measurements, but also gives information to the ergonomist
and designer on the anatomical and anthropometrical bases and principles of measurement which are
applied in the solution of design tasks.

This document is intended to be used in conjunction with national or international regulations
or agreements to ensure harmony in defining population groups and to allow comparison of
anthropometric data among member bodies. In its various applications, it is anticipated that the basic
list will be supplemented by specific additional measurements. Annex A shows the correspondence of
dimensions described here with their use in [SO 14738 and 1SO 15534.

2 Normative references

There are no normative references in this document.

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:
— IECElectropedia: available at http.//www.electropedia.org/

— IS0 Online browsing platform: available at http.//www.iso.org/obp

3.1
population group
group of people having some common environment or activity

Note 1 to entry: These groups may be as diverse as geographically defined populations or specified age groups.

3.2

anterior

ventral

towards the front of the body

© 1SO 2017 - All rights reserved 1
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6.2 Measurements taken while the subject sits

6.2,1 Sitting height (erect)

Description: Vertical distance from a horizontal sitting surface to the highest point of the head (vertex].
See Figure 33.

Method: Subject sits fully erect with the feet supported so that the femora are horizontal and parallel
to each other. The head is oriented in the Frankfurt plane.

Instrument: Anthropometer.

Figure 33 — Sitting height (erect)

©1S0 2017 - All rights reserved 21
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6.2.2 Eye height, sitting

Description: Vertical distance from a horizontal sitting surface to the outer corner of the eye
(ectocanthus). See Figure 34.

Method: Subject sits fully erect with the feet supported so that the femora are horizontal and parallel
to each other. Head is oriented in the Frankfurt plane.

Instrument: Anthropometer.

Figure 34 — Eye height, sitting

6.2.3 Cervicale height, sitting
Description: Vertical distance from a horizontal sitting surface to the cervicale. See Figure 35.

Method: Subject sits fully erect with the feet supported so that the femora are horizontal and parallel
to each other, Head is oriented in the Frankfurt plane,

Instrument: Anthropometer.

Figure 35 — Cervicale height, sitting

22 © 1S0 2017 - All rights reserved
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6.2.4 Shoulder height, sitting
Description: Vertical distance from a horizontal sitting surface to the acromion. See Figure 36.

Method: Subject sits fully erect with the feet supported so that the femora are horizontal and parallel
to each other. Shoulders are relaxed, with upper arms hanging freely.

Instrument: Anthropometer.

Figure 36 — Shoulder height, sitting

6.2.5 Elbow height, sitting

Description: Vertical distance from a horizontal sitting surface to the lowest bony point of the elbow
bentat a right angle with the forearm horizontal. See Figure 37.

Method: Subject sits fully erect with the feet supported so that the femora are horizontal and parallel
to each other. Upper arms hang freely downwards and forearms are horizontal.

Instrument: Anthropometer.

Figure 37 — Elbow height, sitting

© 1SO 2017 - All rights reserved 23
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6.2.10 Hip breadth, sitting
Description: Breadth of the body measured across the widest portion of the hips. See Figure 42.

Method: Subject sits fully erect with the feet supported so that the femora are horizontal, but the feet
and knees are together. Measurement is taken without pressing into the flesh of the hips.

Instrument: Large sliding caliper.

Figure 42 — Hip breadth, sitting

6.2.11 Popliteal height, sitting

Description: Vertical distance from the foot-rest surface to the lower surface of the thigh immediately
behind the knee, bent at right angles. See Figure 43.

Method: Subject sits with the foot placed on a raised platform so the thigh and lower leg are at right
angles during measurement. The movable arm of the measuring instrument is pushed gently against
the tendon of the relaxed biceps femoris muscle.

Instrument: Anthropometer.

Figure 43 — Popliteal height, sitting

26 © IS0 2017 - All rights reserved
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6.2.12 Thigh clearance
Description: Vertical distance from the sitting surface to the highest point on the thigh. See Figure 44.
Method: Subject sits erect with knees bent at right angles, supporting the feet flat on the floor.

Instrument: Anthropometer.

Figure 44 — Thigh clearance

6.2.13 Knee height, sitting

Description: Vertical distance from the floor to the highest point of the superior border of the patella
(suprapatella, sitting). See Figure 45.

Method: Subject sits erect with knees bent at right angles, supporting the feet flat on the floor.

Instrument: Anthropometer.

Figure 45 — Knee height

© 1S0 2017 - All rights reserved 27
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6.4.6 Forearm-fingertip length

Description: Horizontal distance from olecranon (back of the elbow) to the tip of the middle finger,
with the elbow bent at right angles. See Figure 74.

Method: Subject sits or stands erect with the upper arm hanging downwards, the forearm horizontal
and the hand extended.

Instrument: Large sliding caliper.

Figure 74 — Forearm-fingertip length

6.4.7 Buttock-popliteal length (seat depth)

Description: Horizontal distance from the hollow of the knee to the rearmost point of the buttock. See
Figure 75.

Method: Subject sits fully erect with the feet supported so that the femora are horizontal and parallel
to each other and the sitting surface extending as far as possible into the hollow of the knee. The
position of the rearmost point of the buttock is vertically projected onto the sitting surface by means of
a measuring cube which touches the buttocks. Distance is measured from the measuring block to the
forward edge of the sitting surface.

Instrument: Anthropometer, measuring cube.

Figure 75 — Buttock-popliteal length (seat depth)

44 © IS0 2017 - All rights reserved
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6.4.8 Buttock-knee length

Description: Horizontal distance from the foremost point of the knee-cap to the rearmost point of the
buttock. See Iigure 76.

Method: Subject sits fully erect with the feet supported so that the femora are horizontal and parallel
to each other, The position of the rearmost point of the buttock is vertically projected onto the sitting
surface by means of a measuring block which touches the buttocks. Distance is measured from the
measuring cube to the foremost point of the knee-cap.

Instrument: Anthropometer, measuring cube.

Figure 76 — Buttock-knee length

6.4.9 Neck circumference

Description: Circumference of the neck at a point just below the bulge at the thyroid cartilage,
perpendicular to the long axis of the neck. See Figure 77.

Method: Subject sits or stands erect with the head in the Frankfurt plane.

Instrument: Tape measure.

Figure 77 — Neck circumference

© 1S0 2017 - All rights reserved 45
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Correspondence between ISO 7250-1 dimension names and
numbers and ISO 14738 and ISO 15534 anthropometric

See Table A.1.

dimension codes

Table A.1 — Names, numbers and codes for anthropometric dimensions

1S0 7250-1
X . IS0 14738 code | IS0 15534 code
Number/Subclause Dimension name

6.1.1 Body mass (weight)

6.1.2 Stature (body height) hy hy
0.1.3 Eye height

8.1.4 Shoulder height

.15 Elbow height hy

6.1.6 lliac spine height, standing

0.1.7 Crotch height hg

6.1.8 Tibial height

6.1.9 Chest depth, standing

6,1.10 Body depth, standing by
6111 Chest breadth, standing

6.1.12 Hip breadth, standing

6.2.1 Sitting height (erect) hi1

6.2.2 Eye height, sitting h12

6.2.3 Cervicale height, sitting

6.2.4 Shoulder height, sitting hiz

6.2.5 Elbow height, sitting

6.2.6 Shoulder-elbow length

6.2.7 Shoulder (biacromial) breadth az

6.2.8 Shoulder (bideltoid) breadth

6.2.9 Elbow-to-elbow breadth ay
6.2.10 Hip breadth, sitting a7
6.2.11 Popliteal height, sitting hig

6,212 Thigh clearance big

6.2.13 Knee height, sitting

6.2.14 Abdominal depth, sitting

6,215 Thorax depth at the nipple

6.2.16 Buttock-abdomen depth, sitting bys

6.3.1 Hand length Ly
6.3.2 Palm length

6.3.3 Hand breadth at metacarpals a4

© IS0 2017 - All rights reserved 49
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Table A.1 {continued)
IS0 7250-1
Number/Subclause Dimension name 150 14738 code | IS0 15534 code
6,34 Index finger length Le
6.3.5 Index finger breadth, proximal as
636 [ndex finger breadth, distal
6.3.7 Footlength C2 (]
£.3.8 Foot breadth ag
6,39 Head length
6.3.10 Head breadth
6.3.11 Face length (menton-sellion)
0.3.12 Head circumference
6.3.13 Sagittal arc
0.3.14 Bitragion arc
6.3.15 Thumb length
6.3.16 Thumb breadth
6.3.17 Hand thickness ba
£3.18 Hand breadth including thumb az
6.3.19 Arm circumference flexed dy
6.3.20 Forearm circumference flexed
6.4.1 Wall-acromion distance
f.42 Grip reach; forward reach b2 bz
6.4.3 Elbow-wrist length
.44 Elbow-grip length
6.4.5 Fist (grip axis) height
046 Forearm-fingertip length
A7 Buttock-popliteal length (seat depth)
5.4.8 Buttock-knee length S €1
6,49 Neck circumference
6410 Chest circumference
6.4.11 Waist circumference
6412 Wrist circumference
6.4.13 Thigh circumference
6.4.14 Calf circumference
50 © IS0 2017 - All rights reserved
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sewing workstation in Garment Manufacturing”.

Any assistance accorded to him is highly appreciated.
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Appendix V: Research Authorization

MOI UNIVERSITY

SCHOOL OF ENGINEERING
DEPARTMENT OF MANUFACTURING, INDUSTRIAL AND TEXTILE ENGINEERING

Telephone:(+254(0)790940508 Ext. 2795 School of Engineering
(+254(0)736138770 P. 0. Box 3900

Eldoret, KENYA
E-mail: hodmit@mu.ac.ke
e EERRRRRRRI—

Our Ref:  MU/DMIT/SP/002 DATE: 24" May, 2023

Managing Director
Rivatex East Africa Limited
P.O Box 4744

ELDORET

Dear Sir/Madam,

SUBJECT: ABDALLA ELNOUR AHMED ESMAEEL- PHD/IE/5675/22

The above named person is a Postgraduate student of Moi University, School of Engineering,
Department of Manufacturing, Industrial and Textile Engineering. He is enrolled in a three year
PhD program in Industrial Engineering.

He is doing a research on “Integration of Anthropometric data in the Ergonomic Des

sewing workstation in Garment Manufacturing”. B A %
p.o.
Ay

Any assistance accorded to him is highly appreciated. T N

leg =
o <
e =
T INp, ; -
or. Dayid Njugua Gihini

Chair, !Departm'entfof*Manufacturing-, Industrial & Textile Engineering

DNG/rk
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REPUBLIC opm;mm NATIONAL COMMISSION FOR

SCIENCE,TECHNOLOGY & INNOVATION
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! This is to Certify that Mr.. Abdalla ESMAEEL of Moi L y, has been lik d to i as per the provision of
. the Science, Technology and I ion Act, 2013 (Rev.2014) in Uasin-Gishu on the topic: INTEGRATION OF

| ANTHROPOMETRIC DATA IN THE ERGONOMIC DESIGN OF SEWING WORKSTATION FOR GARMENTS

| MANUFACTURING. CASE STUDY AT RIVATEX EAST AFRICA LIMITED ELDORET, KENYA. for the period ending :

| 11/September/2024.

License No: NACOSTI/P/23/27277
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NATIONAL COMMISSION FOR

SCIENCE, TECHNOLOGY & i
INNOVATION H

Verification QR Code
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Scan the QR Code using QR scanner application.

256



257

Appendix VI1I: Basic Workers Body Dimensions and Their Importance

Basic workers body | Importance Critical
dimensions
Eye height Eye height is important for | If TV height is not-according

TV height in house,
blackboard for study-room
or in school, soft board,
etc.

to the eye-height of human
than person will not feel
comfortable while watching
TV in-sitting-posture

Shoulder height

Shoulder-height is
important for designing
backrest of chair

If backrest of your chair is not
according to the shoulder
height than to use that chair is
not-comfortable for user.

Elbow height Elbow height is important | If height of arm rest is not
for designing a-height of | according to the elbow height,
arm rest in chair & table it will give pain to the user’s
(study table, Dining table, | hand.
etc.).

Knee height Knee height is important | If sitting height of chair is not

for designing a-sitting
height of the-chair.

according to the knee height,
then your legs will hang
without any support & will
pain in your legs.

Buttock popliteal
length

Buttock to popliteal-length
is important for designing
depth of the chair.

If depth of the chair is not
according to this, user will not
feel comfortable.

Popliteal height

Popliteal height IS
important for designing
chair & WC sitting-height,
bed height,  stool-height,
etc.

If the height of WC pan is not
according to the popliteal
height then person will not
feel-comfortable while using
it.

Hip breadth

Hip breadth is important to
design a breadth of chair.

Person  will  not feel
Comfortable if the breadth of
chair sitting is not according to
the hip-breadth.

Forearm hand length

Forearm hand length is
important for designing
width of study table,
working table, dining
table, etc.

If the distance between chair &
table is not according to the
forearm hand length then
person will not feel
comfortable while working,
writing, or eating.

Source: (Baharampour et al., 2013)



Appendix VIII: Anthropometric Data Collection Form

Department of Manufacturing Industrial and Textile Engineering,
School of Engineering,

Moi University, Eldoret, Kenya

Worker’s anthropometric data

Data No.

Sex

Department Sewing
No. | Anthropometric data Unit/cm
1. Sitting height (erect)

2. Shoulder height sitting

3. Popliteal height, sitting

4. Elbow height, sitting

5. Buttock popliteal length (seat death)

6. Buttock knee length

7. Thigh clearance

8. Eye height, sitting

9. Knee height sitting

10. | Forearm fingertip length

11. | Hip breadth sitting
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Appendix IX: Standard Normal Table
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Appendix X: Sewing workstation furniture dimensions’ form

Department of manufacturing industrial and textile engineering,

School of engineering,

Moi University, Eldoret, Kenya

No | Abbreviations | Dimensions of sewing workstation furniture | Unit/cm
1. TW Table width

2. TD Table depth

3. TH Table height

4. BH Backrest height

5. SW Seat width

6. SD Seat depth

7. SH Seat height

8. LSH Lumber support height
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Appendix XI: Anthropometric Data Record For Workers from REAL (n = 100)

.3 SHs | FPEs | EHs BEL FHs | wHs =
1 E1.50 4740 [ 1050 5940 5100 | 45.85 | 3555
3 52.50 3500 [ 1670 6450 5300 | 4008 | 3143
3 1 3500 | 1830 & 5320 36.45
! T3.00 &2 ET] EENT
5 3330 =] 51.00 36.15
& 155 &7 5620 36.85
7 3340 e 5020 34.04
z 1570 571 3z 30 0.1
© 1940 0 51.10 20.92
10 13.90 &1 3940 31.79
11 1550 w3 3940 33.32
3 TE70 & 5050 EE
3 2230 & 5400 3348
3 1530 7 5040 337
15 16.60 &2 51.00 3155
15 1350 59.1 39 80 34.84
7 14.80 65.1 52.7 36.62
18 1340 59 5170 31.96
17 1540 852 52.50 30.92
0 1250 &1 &0 EENE
=1 730 &7 57
33 To0 523 ]
] 1510 e 50
33 1640 . 53 53
25 17.10 00| 601 EE
26 19.90 20 | & 457
7 1750 E Erg
I 730 =0 | == =0
L 1980 500 | 57 EL
30 7= 50 | &5 5
31 3560 w0 | 655 =
32 1340 o0 | 631 51
33 14.80 o0 | s a7
34 15.80 00| 603 452
35 1680 i 35 5
EH 17.00 30| 5= a7
Exl 1950|5010 | 601 EE
EE 20.00 o0 | 585 35
E 760 30 5 55
g 30.60 O EE
a1 17.50 B0 | &2 52
42 20.00 2.00 | 605 47
43 1360 o0 | &3 51
EE] 1750 T 3=
5 T6.50 0| 627 EE
3750 0| 615 EL
16.60 00| 617 5=
3310 o0 | 53 35
2130 170 | o1 51
15.00 = 2.7 .
207 553 5200 33.75
1870 617 EER] 3075
1180 &2 S030 EED
1350 6521 o 5530 33
1230 == 3 39 60 3
3170 5530 [ 1050 | 7000 | 5140 35.62
1910 s360 [ Us=0 | 5080 | 4580 EERCES
5% 2030 7.7 s 547 40.50
5% 195 s5.00 3 3910 33.44
&0 1520 5430 5110 34.52
&1 1170 &2 70 5170 30.49
= 1730 5530 4270 37.37
&3 1450 8520 3970 36.45
=3 1550 5510 5180 35.66
&5 15340 5050 3530 ES ]
=3 1330 s820 3880 33.56
7 155 50 5150 37.05
1240 575 35 50 35.51
1580 552 5330 34.77
1140 e 3500 EENE
15.00 502 55.00 3447
15.60 0.1 3940 5
3150 35 3560
L] 523 s170
19.50 6.1 3910
3140 805 5510
2190 552 5050
1480 507 3950
17.80 503 4910
1630 9.5 3550
1430 8.1 =020
1580 &0 S110
1470 0.3 4720
2130 2.1 5040
3240 55 3720
17.80 4.1 45.60
1530 &0 4960
1630 523 5570
16.10 627 3950
1530 617 S0.80
770 &0 35 60
13.80 = 4720
2070 645 5000
1680 502 5070
1530 61 5040
16.60 =] 5100
1430 553 3780
1930 853 3060
1550 &0 700
13.60 507 s1.00
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Appendix XII: Survey on Workers' Requirements of the Sewing Chair Form

Department of Manufacturing Industrial and Textile Engineering,

School of Engineering,

Moi University, Eldoret, Kenya

A. Arranging the Importance of the needs

1. What is the important need of the chair for a sewing workstation? Ranking is

in a scale from 1 to 5 (1 is the lowest and 5 is the highest).

Functional requirements

Importance

Adjustable height and back sewing chair

Adjustable height sewing chair

Arrow and craft sewing chair

Camping sewing chair

Arm sewing chair

Armless sewing chair

Sindre sewing chair

I onmoow>Z

Folding sewing chair

B. Arranging the Importance of the Factors

2. What is the important factor of the chair for sewing workstation? Ranking is

in a scale from 1 to 5 (1 is the lowest and 5 is the highest).

No.

Selection factors

Importance

=

Ergonomics and safety

Ease of use

Ease of manufacture

Durability

Aesthetic

Reliability

Maintainability

©| X N g B~ w N

Social appeal

Environmental soundness

-
©

Economic value

-
-

Utility and function

[EY
N

Life cycle cost

-
w

Availability

Thank you!!!
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Workers' Survey Data Record
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Appendix X1V: FEA Report for Selected Sewing Chair

Department of Manufacturing Industrial and Textile
Engineering,

School of Engineering,

Moi University, Eldorset, Kenya.

Simulation of the Selected Sewing
Chair Model Using SOLIDWORKS
Simulation Software.

Date: Sunday, April 28, 2024

Designer: Abdalla Esmaeel

Study name: Static 1

Analysis type: Static

A Table of Contents
: Deseri i e

tode] INFOrmAatHn ..o
Study Properties ...
Desu'iptinn LI

B i Material Properties .o e
FEA report for the selected sewing chair for used by Loacs anel Fistures -
garment workers at REAL, Eldoret, Kenya. Commesctor Defmitians ... ..o
Interaction Infarmation . ...
Mesh mfarmation .
Sengor Detadls
Resultant Faroes .o
Bearms. ......c..... .
Study Results .

ConElLSIIN o

L = e I L




Mol University;
Eldoret, Kenya.

Abdalla Esmaeel;

4/28/2024
Model Information
model name: Full-model of the dhair.
Current Configuration: Default
Zolid Bodies
Decument Hame and Decument Path/Date
At Treated As Wolsmetric Properties by
Mams: 30,405 kg .
Fuill-model af the Volume:0,0112611 m~1 c;}'ﬁ:‘f“ﬁg'ﬁ‘”‘““
chair,.STEP=1=[3] Solid Body Density: 2,700 kgim* 3 P sabtsFull-maded
it 297 gee of the chair. SLOPET
BAE:297, Apr 77 19:46:45 2004
Mass:9 79108 kg ]
Full-moedel af the Volume;0.00362707 m*3 | CtsersiPSHATELDesklo
chair. STEP<1=[Z] Solid Body Density: 2,700 kg/m*3 F¥ the chair, steg, SLDPRT
Weight:95.9722 N af the chalr. step.
Agr 2T 19:46:45 2004
Mass:13.0024 kg ]
Full-moedel af the Volume:0.004E1572 m*3 i:}'g’mm'i;‘?‘*“
. ! madel
chair. STEP<1={1] Selid Body Density:2 700 kg/m™3 | Cr e Chair. sten. SLOPRT

Wiight:127. 424 N

Agr 17 19:46:45 2004

ba
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Mol University;
Eldoret, Kenya.

Abdalla Esmaeel;

472872024
Study Properties
Study name Static 1
Analysis type Static
Mesh type Solid Mash
Thermal Effect: on
Thermal option Include temperature loads
Zero strain temperature 298 Kelvin
:-_ﬁlﬁ' flund pressure effects from SOLIDWORKS | Off
saolver type Automatic
Inplang Effect: Off
soft Spring: off
Inertial Relief: off
Incompatible bonding options Automatic
Compute free body forces on
Friction off
Use Adaptive Method: off
Result folder ?ﬂ.lm'fﬂﬂ.ﬁduﬂllﬂi ;
cwsersiesmasellappdatavlocalitemp
Units
Unit system: 51 [MES)
LengtivTrisplacement mm
Temperature Kehvin
Angular velocity Rad/sec
PressurefStress Hrmm*"2 (MPa)
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Mol University;
Eldoret, Kenya.

Abdalla Esmaeel;

42872024
Material Properties
model Reference Properties. Components
Hame: 1040 Allay SolidBody 1{Full-made] of the
Model type:  Linear Elastic kotropic | chair. <1= [3]} (Full-model of

Default failure
ariterion:

Wield strength:
Tersile strength:
Elastic modulus:
Pofson's ratio:
s dermity:
Shear modulus:
Thermal expansion
coefficient:

Max van fdises Stress

275742 Wimm 2
GB.9356 Mmm 2
&9,000 Hfmm™2
0.33

T.7glem™3
37,000 Himm™2
2.40-05 /Kelvin

thee chair. ],

SolidBody 2{Full-mode] of the
chair. 1= [2]{Full-madel of

the dhair. |,

SolidBody J{Full-made] of the
chair. <1= [1]} (Full-model aof
the chair. |

Curve Data: M/A
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Mol University;
Eldoret, Kenya.

Abdalla Esmaeel;

472872024
Loads and Fixtures
Fixture name Fixture Image Ficture Details
Entithes: 5 face{s}
Type: Fixed Geametry
Fied-1
Resultant Forces
Tomponents X ki T Tesuliant
Besction force{M) -(.00843T81 -141.878 B4B_RAT BE0.614
Feaction M bt o 0 0 5] o
Load name Load Details
Entithes: 1 face{s}
Type:  Apply normal farce
Walue: EX0N
Farce-1
Entithes; 1 face{s}
Type:  Apply normal farce
Walue: 150 H
Farce-2
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Mol University;
Eldoret, Kenya.

Abdalla Esmaeel;

472872024
Interaction Information
Interaction Interaction Properties
Type: Banded
Compaonents: 1 component|s)
Options:  Independent
mesh

Global Interaction

Mesh information

Mesh type Solid Mesh
esher Used: Blendad curvature-bazed mesh
Jacobian paints for High quality mesh 16 Points
Maxamum element size 54 0261 mm
sinimum element size 2.70131 mm
sesh Quality High

Mesh information - Details
Total Hodes G20
Total Elements 3BEST
Maodmum Aspect Ratio 34.34%
% of elements with Aspect Ratio < 3 9.8
Percentage of elements with Aspect Ratic » 40 0.00504
Percentage of diztorted elements [i]
Time to comglete meshihh;mm;ss): 00:00:24

Computer name:
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Mol University;
Eldoret, Kenya.

Abdalla Esmaeel;

472872024
Resultant Forces
Reaction forces
selectionset | Units Sum X SUIm Y Sum Z Resultant
Entire Madel H -0, 0064328 -141_B28 548847 B60.614
Reaction Moments
selectionset | Units Sum X Sum Y Sum Z Resultant
Entire Madel B 0 i 1 0
Free body forces
selectionset | Units Sum X SUIm Y Sum Z Resultant
Entire Madel H 0.0570709 00310618 0036155 0.074358
Free body moments
selectionset | Units Sum X Sum Y Sum Z Resultant
Entire Model Wom. a L] a 1e-33
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Moi University;
Eldoret, Kenya.

Study Results

Abdalla Esmaeel;
4/28/2024

Hame Tvpe Min Max
Seress1 VON: van Mises Stress 1.414e-03/mm"2 (MPa) | 7.175e-01N/mm"2 (MPa)
Node: 48136 Node: 67581

Mudel b Sl rradel of e (hae. ep
Rucy vave: Tt YO dak)

Pt bype: Db medd ress Doenit
Oviurreation swie IR0

Full-model of the char.-Static 1-Stress-Stresst

von Mgl il * 1 04500
T1%e
' 64570t
179001
0070t
L A0t
158000
1001
115501
14350
T8
1458008

® Yl srength L5001
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Moi University;
Eldoret, Kenya.

Abdalla Esmaeel;

4/28/2024
Hame Tvpe Min Max
Dplacementt URES: Resultant Duplacement 0.000e+00mm 3.209e-03mm
Node: 36303 Node: 26013
e g e
S I oeeied e
' i
1568
23470
1 ite 1
RS
15t
Sl
Py
12003
1000030
e
Full-model of the cha¥v.-Static 1-Displacement-Displacement1
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Moi University;

Eldoret, Kenya. Abdalla Esmaeel;
4/28/2024
Hame Type Min Max
Straini ESTRN: Equivalent Strain 1.502e-10 6.258e-06
Element: 27300 Elerment: 15287
(30

Modelname Full madel of the char. dtp
Ty v Tute VDo)

Piot type: Shate thrwe Srant

Duferrvation sinie 3000

e 6

l S0

5000 06

. AN
L AN
100026
LN
L A

I L2

LT

L5010

Full-model of the cha¥.-Static 1-Strain-Straini




Moi University;

Eldoret, Kenya.

Abdalla Esmaeel;

4/28/2024
Hame Type Min Max
Factor of Safety1 Autamatic 3.000e+00 3.000e+00
Node: 1 Node: 1
Model rarns b model of the chaw_step
Rty narme: St [ Detos
Pk e ¥ 000 of Safety Sace
Crtenon : Autormwte koS
Faowe of saity Setsdndiim. Mim $O5 o )
3,005 400
' 2,000 420
AT TR
L 1000
20850 400
20000400
1,007 +00
10te 0
L I00te 0

W -
;1. 000% 00 I 20004400
7 000 + 00

Full-model of the chair.-Static 1-Factor of Safety-Factor of Safetyl
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Moi University;
Eldoret, Kenya.

Abdalla Esmaeel;
4/28/2024

HName
Displacement1{1}

Defarmed shape

Madel narme: ol model of O cha stup
Dty rarre: Rt 10 Defoutt)

Full-model of the chay.-Static 1-Displacement-Displacement 11}

Analyzed w

ith SOLIDWORKS Simulation

12
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Appendix XV: Optimisation Report

Optimizetion (design soady) report
Departnsent of Manudbetunmg Indusinal and Tectle Engimesring,
&chodnl of Engineenmg,

Bl Ulniversity, Eldoret, Kenya.

Optimicetion  (desipn ody) for dhe
selected 1mwing cheir model msmp

* SOLIDWORKES smulation sofferars.
Date: Wednesday, Moy 29, T004.

Deskgnar: Abdalla Esmased.

Study name: Deskgn Sudy 1.
Analtysis type: Design Study.

Table of Contents
Description
Assumptions.
Model Information
Description Stuxdy Froperiies
urrks
Unptimsation {design sbady) report for the selected sewizg chair Design Sudy Setup
mindel for used by garments workers ol sewing workstation, | Study Results

L T I T I

REAL, Eldoret, Kemya




Model Information

Document Mame | Configuration | Document Fath
Optimization Deradlt Crilsers ESMAEEL e sht op AL Rt zation

Date Modifled
Wy 4% T1:57-38 r0z4

Analysls typo

Raowdlt folder

5tu$nl;mferl:ies

Design Study Guality

Diesign Study T

Design Study {Dptimtzation)
High quality (slower|
SOLI0' ORES

oot (Cllsers ESEMAEELVDesktophA|
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ST WEE]
M
Eehin
Fadisec
Himm 2 [WFaj)
Dezign Study Setup
Design Variables
Hame Type Walise Uriles
Helght Rarge with Step A 4110 Mo 42105 Stepc mm
Depich Fange with Step Mn: 45T Mo S87 Sbeps 2 ™m
widen Rarge with Step Min: 4718 Moms 370 Shepc 1 mm
Canstralnes
SENS0E NAME Coredition Boumds Uniles SEusdy nemie
[r— & Less than [T L] Hémm™2 (MFaj Static 1
Lrrat
Mami Goal Froperoies Wotaht SEusdy name
ezl [P hihnrd 514 an
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Study Results
332 of 332 scenanias ran successfully.

Component nams ILhnits. Current Initial Optimal (1) | Scenariod | Scenario?
Height i 414.5 A16.5 411.5 411.5 411.5
Depth mim ] [T 457 457 457
‘Width mm 477.8 {778 {718 4728 4718
Stressd Himm"Z {Mifa) 25.933 25,933 . 624 26424 26145
Mazs 2 ] 19E7I. 34105 | 1987334105 | 1986533675 | 19BA0.23673 | 10848569371

Component name Units Scenarial Scenariod ScenarioS Scenariob Scenario?
Height i 411.5 A14.5 415.5 416h.5 417.5
Depth mm 457 457 457 a57 457
Widith i 4718 A72.H LIFN] 4728 d7E
Stressd Himm®"2 (MPa) 28542 M. 17 b BT 25.871 26 485
Mass? ] 1986615068 | 196866, 60764 1986706861 | 19B6Y 52075 | 198467 97853

name Unéts Scenarfal Soenariod Scenarfold Soenariol1 | Scenariall
Height mm 418.5 A19.5 L] 421.5 411.5
Depth mm 457 457 457 457 459
Width mm 4718 4728 aTLE 4728 4TL.8
Stressd Himm"2 {MPa) 27202 26.081 5.9 7.1 16.527
s ? ] 19B6B 43468 | 1966E. G246 19869 34942 | 19869.B0615 | 198567 56457
Comparent nams Units Sconariold [ Scenasrioid Scenariold | Scemariold | Scenariol?
Height i 4121.5 411.5 4145 415.5 4165
Depth mim 455 459 459 459 459
Wikth mim 4718 4718 4TLE 4718 ATLE
SEressd Himm*2 {WPa) 25.945 26548 25.878 15974 2. 24
Many T B 19B6E.02784 | 198GE.4TER 1986E.91576 | 1984909273 | 198458487
Companent namse Units Scenariol® | Scenariold Scenariold | Scenariol Scenariol?
Height i 417.5 418.5 415.5 420.5 4211.5
Depth i 55 d459 59 59 54
‘Width mm 471 8 4718 471 E 4718 ATLE
SEressd Himm™2 (MPa) 2604 26956 16,979 15,703 17149
Mans T B 1987030665 | 198T0.TE2E 19871, 22058 | 19ET1.67735 | 198713451
Companent namse Unéts Scenarin?l | Scenarfold | Scenario?s | Scenariodd | Scenario?7
Height mm 411.5 413.5 411.5 414.5 415.5
Depth i ddil il il i1 1
‘Width i A472.B 4738 47 E 4738 ATLE
Stressd Himm®"2 {MPa) 24 BB 1EATE 165313 16173 26979
[ EL VS ] 19B69. RO209 | 19ET0. 495 | 1OETOLBOEST | 19BT1.26188 | 1987172085




LMoot name U SENANGLS | SENANGLT | SCeNancsl | SCenanc:s1 | SCenancis
Hﬁt T JTES Ty EST-N] EEER] 0.5
Iﬁh ] ELS) 451 £l £l EL)
Wideh T Elrl-| 4ri.d Elorl-| Elrl| el
Tressd T™=m T 1 I L X T E] TH.TET LT
Wassl 1 TOETE 7690 | TOETC.aldTd | TOETo[Ales | ToErr W8y | ToErE [omEr |

UOTONanE nams U SENANGEE | SENANGZS | SCONAncss | SCenancss | SCenancs s
Harlght T 41,5 411.5 4145 4115 414.5
mh T JET 4n1 ) JET 57
WIgEh ] Eor R | Elorl | Elrl | el
Saressd Himm 2 ieFal 25,971 ah Aty il 7 T ITE T B |
Mai55T ] 19874 SE0E3 | 1957253111 | 1957267808 | 1987313504 | 1957359200

COMmpona N Namss Lirrits SrEnarks Il SCEnarsd? S narsad SCenarissd SCEnariodl
Hﬁt ] 4155 415 4155 4135 4195
Lapth T 451 451 451 451 451
WIdEh Tl 0.2 4ri.2 4i.2 4542 Corl-|
TTessd HImm" 2 (WFa) TS TE.571 T AT Pl ko) TE.d71
Maassd ] 12ET4. 04857 | 1957450511 TRETL FEIT 1RETL. 41904 | 19ETL HTRER

LMoot name U SENANGE: | SENAnces | SCONancss | SCONancsst | SCenancs;
HE'EI: T 42105 4L1.5 411.5 4145 11T |
Depth Tm 5] ELE | E I3 E L EL%]
Wideh T Elrl-| 4ri.d Elorl-| Elrl| el
Tressd T™=m Al | deOn | Ik I LE] picl 4 F ) FLREE]
Wassl 1 TOETE. T1370 | TOEra a0 g | T0Ed. 500 | ToEre ey | ToErn a=i1n |

UOTONanE nams U SONANGES | SENANCST | SCONancsl | SCenancs1 | SCenancsd
H-ﬁt T EEER J5E JIEE 4155 8%
Tapih Tm I S E I3 I L
WIdEh T R dri.d ol Erorly-! ElrR-|
Saressd Himm 2 ieFal FE | LT -3 T5.07E 2h.403
Mazst ] TOETS WI0TT | TOETE. Sroed | TOETE.ATLT | TOETr. oo | ToErsrdr e |

Companant name Urilts Scoenaria53 | SconarioSd | Scenariess | ScenarioS6 | SconarosT
Hﬁt ] 9.5 405 4215 411.5 4155
Lwpth T L] 453 453 457 487
WIdEh T 4508 4ri.2 ol Eorl-| Elorl-|
Tressd HImm £ (WFa) T B TE.h1] T L FF I NN
Wasst q TOETE 5G| TOETEGETST | TOETG TTHEY | TOETE.ETIIE | ToEry. I |

LOTERE Nams NS SETANCGE | SOEmnea? | SEEnobd | soerancil SCEanohs
Hﬁt ] 4115 414.5 4135 JIET 415
Tapth Tm JET JET E E ||
WIdEh T 4508 4ri.2 ol Eorl-| Elorl-|
Laressd HImm 2 (eFal 2h.211 2k 351 L] B T1S 2503
Masst ] TOETr 7a1a0 | TOETE f400G | TOETH SOmrT | TOETo LTI | TOEra el |
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Compaonant name Urits Sconariosd | Scenariodd | Sconariosl | Sconarioés | Sconarios?
Hefght mim 4125 ESER] E k] EEi ] ATE |
Dapth mm 5T 5T 5T 5T ELT
WidEh Tim 4012 408 4002 40i.2 4.8
Diressd HImm™ 2 iWFa) il 1 5] FLES FLNFE) TR TR |
st Fl TOESOTRIE | TOESO ATy | TOESl A | 1O e | TOEEh rIary |

Compaonant name Urits ScanariobB | Scenariodd | ScenarloT™ | ScenarloTl | ScenarloT
Hefght Tim EirA: 4118 ESER 4155 EE
Dapth mm 57 57 45T 5T ELT
WidEh Tim 4.8 408 4.8 4.8 4.8
Diressd HImm™ 2 iWFa) T T FLAT Tnd | hBRd LT ES
st Fl THEEG EFI0T | TOEEh TR | TOEEh Bed | Tomr OEdET [ 1ok STy |

Compaonant name Urits Scanario¥3 | ScenarioT4 | ScenarloTs | ScenarloTe | ScenarloT?
Hefght Tim 7S ESE-A: ESER [ a1 4005
Dapth mm 57 57 45T 5T ELT
WidEh Tim 4.8 408 4.8 4.8 4.8
Diressd HImm™ 2 iWFa) PO LS ficirind | TEOET | GO i)
st Fl THEET OTHEY | TUEEH ET4E0 | TUEEE BOan | TOEEs H0aT [ THEEm mn i |

Compaonant name Urits ScanarioTB | ScenarioT? | Sconariofd | ScenarioBi | ScenarioEl
Hefzht mim ERER 4T1% 4115 ESE R AT |
Dapth mim ELE] ELE] FLeS ELSS a5
WidEh Tim 4.8 408 4.8 4.8 4.8
Trossd HImm™ 2 (WFa) AT T ELTTE R I - I B L R
st Fl TOEET GEAET | THEEEIDTES | TOEREETER | TUEEETINTE [ 15w a7 |

Compaonant name Urits Sconariofd | Scenario®d | Sconariol5 | Scenariofe | SconarioE7
Hefzht Tim JTET 417E ESE-A ESER 40050
Dapth mim ELE] ELE] FLeS ELSS a5
WidEh Tim 4.8 408 4.8 4.8 4.8
Trossd HImm™ 2 (WFa) T THOET TR TR L P
st Fl THEEG BAET | TOETILORES | ToErireis | TaE s | TaEr B |

LOMECNanE nams: U SOENANGES | SCONANGEY | SCENANGT) | SCENAncd] | SCenandsd
Hefzht Tim 41,3 ESER: 4T1% 4115 EIE A
Tapth mm ELE] EL3) ELS) ELg) Eg)
WidEh Tim 4.8 408 4.8 4.8 4.8
Tirossd [ al | or-ra pL: L L1 i S I 197 & I N L
st Fl TOETETIAET | THEEG B | TOE I T | TOE AR | 1B . neaed |

LOMECNanE nams: UM SOETANCHS | SCETANeHs | SCETAnoHs | SCETanods | soenanods
Dapth mm EL3) EL3) ELS) EL5) E5)
Width mim 454 452 432 4352 432
Siressd HImm™ 2 (WFal T L S BT v SO IR £ - N BT T
Massl i 19ET1. 7085 | 19ETZATEFD | 19E7Z.63470 | 19E72.0905% | TRATIWET
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Component name Wrilts 2";""“ 5“;';"“ Scemarla 100 | Scemariod 04 2"'!""““
Fieght T T g TS TS Fisn1
7 o £ T =T =T =T
f e ToE T e i L
TIrossa Himm 2 iFa) 16319 i ok TE.51T e e LT3 ]
Mass q rogranomer | UM | qamrzazin | roerzerans | rsmTiazsos
BT Units Seanariol | Scenartedl | oo oo M0 105 | Scenario 0% | Scenario1o?
name 03 4
Folgt T Eir Fiin Firn TS Fien
Depih (18 JET T3 T3 T3 ETX]
WRR T F iy T5E TTE Frim Frim
SEresad Armm 2 pAra) T5.0ET k%S TE.NhE T E 124
Wzl T TOETE. 50l | 190 4 00y [ 1o0rq.650e11 | OE4.0587 | 190741904 |
E""P"':"t Uriits Scemaria108 | Scomarin10% | Scenariol10 | Scenaria111 | Scenaria112
Folgt e FiEn i oS TS Fiv T
Dopth ™m FT%] FT%] FT%] FT] Fr4]
WEERR T TTE TTE TTE Friw Friw
Stressd A 6.5 %.933 %865 . 389 7.214
Wzl Fl TOOTS.EEY | 190M6. T | DoE. T ans | o454 | OEs.oar |
E“"P“"I'"" Units | Scemario113| Scemarlad14 | Scemario115 | Scenarlad16 | Scenaria117
Folgt e TS IS FiLn Firn TS
Dopth ™m T3] T3] T3] T3] T
WER T TTE TTE TTE Friw Eriw
Stressd A 2114 7.1 .248 5.8 7.975
[Ters] . TAETS.4ET1E | 1987590017 | 1967637705 | 19876.6AITT | T9ET.I9I0
E""‘P"‘I"t Umits | Scemario18 | Scemario11% | Scemario120 | Scenaric121 | Scemario122
Folgt e TS FiEn i g 1 TS
Dopth =M T3 T3 T3 T3 )
WRR T TTE TTE TTE Frim Friw
— “-I";_“,'f:z TE.AD 5 £08 531 =795 TE.241
Wzl Fl T T4TE | 19070 TH0E | OHTH.EGIel | TOHa T18ET | ToOTa.Onrat |
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E"""‘P":"" Umits | Scemario123 | Scemario124 | Scemario125 | Scemario126 | Scemarioi27
Falge T T TS IS i S
Depin ™m T3 T3 T3 Fr 1 ETT
kR T Erim T Firiw Erin Erin
Stressd A, 26907 2,177 1%.579 5.748 26115
Wz F] TOHTT. 5L | 1907 r.7oIaE | o0 0. 138y | Era el | e Tarss

E“"P""l"" Umits | Scomarioi28 | Scenariod2% | Scemarlo130 | Scemarlad31 | Scenariodal
% T T I I Eri =T

™m 3hy T T Er3) Ry
kR T Erim T Frin Eriw Erin
Stressd A 7043 o 76.318 26.124 2%.00%
Mmal 3 TIET9.61914 | 19BE0.07535 | 198ED.53307 | T9HED.99007 | 19HEL.0%

E"""‘P":"" Umits | Scemarlo133 | Scemario134 | Scemario13s | Scemarlo13& | Scemarioi37
Falge T TS TS TS IES Fiin
Tenth T i Fing Fing i iy
Wekh ™m Firi 3] Firi 3] Firi ] i) Firi ]
Stressd H-I",TP':‘F 574 145 26,547 .374 TIT
sy ] TOHEn. T s | TOOEn.GodrT | T90Eh, |Wat | (o0eh.GOres | 1905, 0eaaT |

E""P":"t Urits Scemariod 38 | Scenarle]3% | Scemariod 4D | Scemariol 41 | Scemariod 42
Falg® T FiER TS FES FiEa Froid
Tonth T =T oy iy = =T
Wkh T Frim Fri TED TED TED
Stressd Hm,:'? 15.271 26,485 mam 28,081 .98
Mmal 3 TIHET.5I075 | 1985707357 | 19BEH.AS4GE | T9BSH.91SE | 19859.35941

':""P'"’."" Umits | Scemariod43 | Scemarioi44 | Scemarie145 | Scenarlod46 | Scemario1d7
%: T Erd TS TS TS IES

TEm i i i i i
Wekh ™m Firi 3] Firi 3] Firi ] i) Firi ]
Stressd M .21 577 7%.945 5547 75,878
[rery] 7 T98E0.80657 | 19867 5E4BT | 19BE0.07184 | TOBSH.47RE | 19BEE.9%97E
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DRl iz Units Scenariol48 | Scenariod49 | Scenariod50 | Scenariod51 | Scenariod52
Feeight mm 3155 2165 375 FI 4195
Denth r— FEC] FEC] FER] 15 FEC]
Width r— TR E TER AR TR E TER
Stressd "’I';"p“;;l 15.574 6246 35.952 T6.956 6579
Ml 5 TOEL0 9571 | 19500 BABRT | 19ET0.36E5 | 19ETO0.7hIE | 195711208

OEL prizie Winits Scenario153 | scenariod 54 | Soenariod556 | Scenarioi66 | scenariol57
Fleight r— PR PRI 3115 FIER FIER
Depth r— 155 15 FT T T
Width e TRE TEE AR TRE TEE
Stressd "’I';"p“;;l 25.703 7.249 36,583 T6.136 6533
Pazd u TOET1 7755 | T9ETLISAR1 | 19E40.59590 | T9ETO.I409L | 19E0.E060T

Component Units SCenario158 | Scenariod 59 | Scenariod &0 | Scenario164 | Scenariosz
Fleight = FIE FIE G FIERG FIEG
Denth mm 351 361 a61 351 3561
Width r— TRE PN AR TR E TEE
Stressd "’I':P':I"l 6123 6.579 36.072 6482 5,783
Wad 2 ToET1 T38| 19571 TI0RS | T9ETIA7EA0 | TSETLEITE | 19ETI00mI

e Winits Scenariods3 | scenariod 64 | Soenariod 65 | Scenariod 66 | Scenarios7
Feeight r— 2195 FE PR FIERG P
Depth —— TS T T T} T}
Width m k] Pk Pk P SRR
Stressd Hf:P":Ll 76,767 .31 35.973 76,532 37356
Ml g RT3 5AET | 1987400567 | 19874 8351 | TOEFLIIINT | 19E7I.E7HOE

OLLpILELE Units Scenariod 68 | Scemariod 69 | Scemariod 70 | Scenario174 | Scenarioi 72
Height mm a13.5 4145 2155 a16.5 175
Denth mm T} T} TS} TS} fT5]
Width mm TRE PR FE] K] TEE
Stressd "’I';"P“Qll 17174 15.88 26931 246.572 T4.837
Ml T T9ET3. 19504 | 1987359T01 | 19ETA.0AEGT | T9ETASOSIT | 19574.9510
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Ornprieie Wnits Scenariod 73 | Scenariod 74 | Scenariod 75 | Soenariod 76 | Soenariod 77
Fieight r— 3185 4195 5 R 1.5
Death — FT] FT] T} FT] T
Width — TR TEE TRE TRE TEE
Shressd "’I';"F':;l 75,854 T4.553 35,932 36856 36,889
Pz T TOETS 41004 | 1975 E7GED | 19ETL 33370 | 19E7L 700G | 1987454924

Ornprizie Wnits Scenariod 78 | Scenariod 79 | Scenariod 80 | Scenariod 81 | Scenario182
Fieight mm 3125 P FIER 3155 FI
Death — T T TS T i
Width e TR TEE TRE TRE TEE
Stressd "’I';"F“;;l 77.314 4383 A 35.846 5.8
P % RSO0 | TSRS ARG | TETSOENI | TETLITN | TeETh.ETEI

Ornprizie Wnits Scenariod83 | Scenariod &4 | Scenariod85 | Soenariod 86 | Scenario187
Fieight mm 3175 P 2195 PR FRR
Death mm T3 T3 T3 T3 T3
Width r— TRE Pk AR AR TRE
Stressd "’I';"F“;;l T6.003 6403 T6.608 36.533 35.795
Pam T TR | 1957 7716 | T9ETE.I0WE | TEETRERI9T | 19ET9.11EET

OTLLILELE Units Scenariod 88 | Scenariod 89 | Scenariod 20 | Scenariod 94 | Scenario192
Height r— 3115 PR FIERS 3145 3155
Death — T 6T AT T T
Width — TRE TER AR AR TR E
Stressd "’I';"P':I'l 26542 6.507 .23 36,527 25.75
Pamt i TSETH ETTI0 | 1987733432 | 19877.79120 | 19GTH.IaBI5 | 19E7E.TO5II

Ornprieie Wnits scenariod 93 | Scenariod 94 | Scenariod 95 | Soenariod 96 | Soenariod97
Fieight r— I 75 8.5 3195 FE
Death — T T AT a7 T
Width — TR TEE TRE TRE TEE
Stressd "’I';"F':Il 26.115 17.043 17.011 26318 6124
Pt % T9ETAIB136 | 1957961914 | T9BB0.07T5IE | 1989053307 | 1988399003

10
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SRLLLLELE Units Scenariod 98 | Scenariod99 | ScenarioZ00 | Scenario20 | ScenarioZ0z
Height m 471.5 a11.5 12,5 4135 a14.5
Depth m A&7 457 457 457 457
Width m 4788 3818 4E1 .8 4818 418
Strevisd "f:;:;l 602 26624 6140 26,542 6274
Mazad T 19851 49600 | 1986513675 | 1984550371 | 198Gh. 15008 | 19850 60764

SELpILELL Units SCenario203 | ScenarioZ04 | Scenario?0b | Scenario206 | Scenario20?
Height i 415.5 416.5 A17.5 416.5 19,5
Depth e 457 FE 457 FE 457
width P 4618 2818 4618 2818 4618
Shressd ”f:;:;l Th.662 5573 4485 7.0 T4.081
Mansd i 19867 00461 | T9B67.50075 | 1986797051 | 19BGA.43408 | 1956H 59240

OrLpirsle Units Scenario?08 | Soenarin209 | Scenario?40 | Scenario?44 | Scenario?q4 2
Height i 430.5 4215 a11.5 a1%.5 13,5
Depth i 57 FES] 455 FET 455
width mr 4E1.8 2818 4E1.8 2818 4E1.8
Stressd "’I':P':I'l 5516 e i) 6527 25.945 6547
Mamd ¥ 19560, 34942 | 19060.50630 | 19867 56487 | 19BGA.0Z184 | 15GGE.476

OrLpirzLe Units Scenario?43 | scenario2 14 | scenario?16 | Scenario?16 | Scenario?d 7
Fheight i a.5 a15.5 e a17.5 A16.5
Depth i 455 455 455 455 455
Width i 418 4818 418 4R1.8 418
Stressd ”’I';"F“ill 15,578 35.974 6246 25.952 T6.956
Wazd i T9EGE. 3570 | 1960, 59E71 | 19860 BABET | 19670 30GLS | 19870, THIE

OrLprrsle Units Scenarin?4 8 | Soenario249 | Scenario??0 | Scenario??4 | Scenarin???
Height m 19,5 4205 a31.5 a11.5 2.5
Depth m FE FE] FE [ 61
Width i AE1.8 a61.8 AE1.8 4618 aE1.8
Stressd "’I':F':Il h.579 35.703 7,248 T6.8R3 .13
Wamd ¥ 19871, 02058 | 19871.67755 | 19E7Z.13451 | 19G69.59200 | 15670, 54990

1
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Component Units SCeMario?23 | scenario224 | Scenario225 | Scenario2z6 | Scenario?2y
Height mm 135 4145 4155 A16.5 175
Depth i 461 461 481 ] 461
Width i 4818 4618 41 B FE 4818
Shressd anTPn;|1 36,533 26,123 76,579 6.072 4482
Mo T g T9ETO.B0M0T | 19E71.263B8 | 19&71.7R0ES | 19872.17699 | 19E72.6347E

OLLpITErt Units SCenarioZ28 | scenario??9 | Scenario230 | Scenario23d | Scenario23z
Height i 418.5 4195 420.5 4715 411.5
Depth i 461 361 ] T FT]
Width e 4618 461 8 481 B 4818 4818
Shressd anTPn;;l 35.783 26,767 76339 5,973 4.5
Mo T g T9ET3.00092 | 15673.5487 | 1987400567 | 1987480263 | 19BTL.IZI0

DUl pe iz Units SCenario?33 | scenario?34 | scenarin?36 | Scenario?36 | scenario?3T
Height i 4125 4135 44,5 415.5 a16.5
Depth e FT] T FT] FT] FT]
Width i 4818 4818 481 B 4818 4818
Strewsd ”’I';“F";;l 37.356 7.174 15,58 6,931 6.572
M X 2 TOETZ.67B08 | 1987513504 | 19873.50201 | 19874.04697 | T9874.50511

OUL IR Units SCenario?3s | scenario?39 | Scenarin?40 | Scenario?4 | scenario?42
Height i a17.5 4185 410 5 4705 4715
Depth i FT] FTA] FT] FT] FT]
Width mm 2818 481 8 481 B 4818 4518
Stressd Hf:p";;l 36,837 25.854 6576 932 4566
Ml 2 19874 0620 | 19E75.41904 | 19B75.E7GEI | 19876 33379 | 19ETE 0075

DL piert Units Scemario?43 | Scenario?44 | Scenario245 | Scenario246 | ScenarioZ47
Heeight i 115 125 413.5 4145 415.5
Depth i 465 465 4i5 455 465
Width i 4818 4818 41 B 4818 4818
Stressd Hf:?:ll I 77.114 76,383 A 15,846
Ml 2 1987454924 | 19B75.0062 | 19B75.46I16 | 19E75.92013 | 19E7E 7000
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e Units SCenario248 | scenario?49 | Scenario250 | Scenario251 | ScenarinZs2
Fieight i A16.5 7.5 18,5 9.5 FENS
Depth e a5 a5 455 a5 a5
Weidth e A61.8 381 8 3818 AE1 .8 AE1 .8
Shressd Hf:pr:;l 5.8 36,003 36407 T4.408 34,533
Ml ¥ 197683321 | 19877 I010Z | 19877 74716 | 19E7E.I0495 | T9E7H.EG191

SiLiirzil Units SCenario2s3 | ScenarioZ54 | Scenario2ss | Scenario2ss | Scenario2sT
Feight e a21.5 a1.5 125 3.5 14,5
Depth e 35 aE7 457 A&7 q67
Wakdth e 4818 461 B 461 B 3618 3618
Stressd ”’I';‘"F’:I"l 25.795 .54 6.9 .3 4.527
Mozl g 19E79 11887 | 1987687736 | 1987733432 | 19B77.79128 | 1987H. 24625

O sapert Units SCenario?ss8 | Soenarin?59 | Scenario?s0 | Scenario?sd | Scenarin?e?
Feeight e 415.5 16,5 7.5 48,5 9.5
Depth e T T 4E7 a7 T
Weidth e a81.8 381 B 381 8 aE1 .8 aE1 8
Strevisd Hf:pr:;l 25.75 26116 741 17.021 6318
Ml ¥ 1957870521 | 1987910136 | 19879.61914 | 1988007528 | 1988053307

SiLiirzil Units SCenario2és | ScenarioZs4 | Scenario2ss | Scenario2ss | Scenario2eT
Feight e a20.5 4715 a11.5 2.5 3.5
Depth e aE7 aE7 457 a57 57
Weidth e A81.8 a81 8 d6LE FEN FEN
Stressd Hf:Pn:Ll 26,124 36.029 36,684 4,151 34,542
Ml T TOEE0.90001 | TPEET. 44600 | 19865 13075 | 19BG5.60371 | 19846.15000

DT FITET L Units SCenario?&sE | Soenarin?s9 | Scenario2¥0 | Scenario27 | Scenarin27z
Feeight e q14.5 4155 16,5 7.5 A18.5
Denth e [Er [Er 457 57 a57
Wakdth e 4BLE P dELE FT FT
Stressd Hf:ﬁn;|1 26.374 6 i 35.913 T 45 17.318
Ml z 985G G076 | 19867 0LIGT | 19867 52075 | 19867.97E5] | 1985843408

13

288



Sl prreLs Units SCenarioZ?3 | Scenario274 | Scenario27s | ScenarioZ?E | Scenario27T
Height mm 219.5 4205 a21.5 3115 FIE
Denth mm 5 157 5 15 FED]
Width mm ALE AELE ABLE PN ABLE
Streisd Hf:PrLl 75.825 35.914 7w Th 648 75.945
Pl i TOEAE.E0T46 | 19540 4042 | 19550.50630 | 19557 5LART | 19E4H.0Z1EA

AILLILELE Units | Scenario278 | Scenario279 | Scenarin280 | Scenario28d | Scenario2s2
Feight mm 2135 2145 2155 I q17.5
Death mm 455 155 155 15 459
Width mm PN L0 PN P 4BLE
Stressd Hf:Fr:;l 6,547 25.878 25.574 624 75.952
Paxid T TOBLE A7E8 | 19BGE.93576 | 19B60.39I71 | 19850.EABET | 1970, 306

O pereit units SCenario283 | Scenario284 | Scenario2s8s | Scenario28s | Scenario2ET
Height mm 2185 219.5 4705 a5 1.5
Denth mm e e 15 15 61
Widih mm RN RN FLE PN 4BLE
Stressd ”’I';“F“ill 36956 36979 25.70% 77.249 4538
Wil i T9BT0.76I8 | 19871 2058 | 19E71.67755 | 1987213451 | 19850 59700

O perers Units SCenario?&s | scemario289 | Scenario?90 | Scenario?9 | Scenarin?e?
Height mm 2125 a13.5 a14.5 a15.5 A16.5
Denth mm T 3 7] 61 361
Width mm FLE FLE FELE PN FELE
Stressd Hf:Fr:;l 6022 36,538 6123 6549 6,072
Pl i T9ET0.TA996 | 19705002 | 1987120380 | 19E71.72085 | 19E7Z.17490

ST ILELL Units SCenario?9®3 | Scenario294 | Scenario29s | SCcenario29®s | Scenario2eT
Feight mm 7.5 2185 219.5 PR 4215
Trenth mm TS T3] 461 61 61
Width mm FTEN] FLE 2HLE PN 4BLE
Stressd ”’I';“F“ill 6462 25817 6. 767 4359 5,573
Pl i TOETIEIATE | 19ETI.090GZ | T9ETI.54E7 | 19E74.00567 | 19E74. 86263
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O priert Units SCenario?98 | Scenario?99 | Scenario300 | Scenario30d | Scenario30z
Height i a11.5 2.5 3.5 14,5 415.5
Depth e 481 463 463 ] ]
Width e ABLE 4ELE 4ELE FE 4ELE
Stressd ”’I'“TF’:Il 15.992 77,356 17,349 75,562 6517
Ml % 19EFZ.I2111 | T9EVLG7B0B | 1987313504 | 1987359201 | 1987404807

O priert Units Scenario303 | Scenario30d | Scenario306 | Scenario306 | Scenario30T
Height i 16,5 AN7.5 18,5 19,5 FENS
Depth e 481 463 463 ] ]
Width m JBLE FTEN] FTEN] FTEN] FTE]
Shressd "’I':F’:;l 6,566 6817 612 6,552 26932
Ml " 19E74.50511 | 19874.B620 | 1987541004 | 1987587682 | 1967633370

e Units Scenario308 | Scenario309 | Scenario340 | Scenario344 | Scenario342
Height i 471 5 a11.5 12,5 135 a14.5
Depth i FT] 65 65 a5 a5
width i 4BZ.8 42 B 42 B FiEK] PN
Stressd Hf:pr:;l 6569 6567 37214 6355 17
Ml T 19E70, 79075 | 197454924 | 19B75.0002 | 1957546316 | 1987552013

O priet Units Scenario313 | Scenario3q14 | Scenario34156 | Scenario3q16 | Scenario347
Height e 415.5 a6.5 AN7.5 A18.5 4195
Depth e 4i5 a5 a5 5 45
Width e JBL.E FTN FTN FTT 4ELE
Stressd Hf:pr:;l 15,846 75.748 15.976 6403 6608
Ml T 19870, 37709 | 19E70.83321 | 19E77.29102 | 197774716 | 1957820495

O priet Units SCenario318 | Scenario3q19 | Soenario320 | Scenario32d | Scenario322
Height e 4205 a71.5 1.5 a12.5 a13.5
Depth e 4i5 a5 &7 q&7 a&7
Width e JBL.E FTN FTN FTT 4ELE
Stressd "’;;"F’:II 26,533 15.795 26744 26,905 26,317
Ml ¥ T9ETB.66191 | 19870, 11887 | 19E70.B7736 | 1987733432 | 1987779128
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SNL RS Units SCenario323 | Scenario324 | Scemario32s | Scenario32s | Scenario32T
Height mm A14.5 415.5 A16.5 A417.5 418.5
Depth mm A&7 A&7 A&7 46T 46T
Width mm 482 R 4R2. R 4R2. R 4828 4R2 B
Stressd "’I':F’:;l 648 25.748 6116 27.043 7.m7
Maysl [ 19E7H. T4B25 19E7H. 70521 19ET. 16136 T9ETRETA 1988007528

Companent name Units. Scenanio3iE Scenano3ie Scenanod 30

Heright mimn 419.5 N5 a11.5
Depth mim AT 4T 4T
‘Widthi mm AET B a5 B a5 B
Stressd Himm™Z {MPa) Th. 8 b 124 ]
Mazsl F] 15880, 53307 15880, 92003 15881 48699
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Work-Related Risks and Hazards for Garment Making Workers
at Sewing Workstations: A Review.
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University, Eldoret, Kenya.
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Ahbstract

Awkvandly despned sewing workstations in gamment mamifacting cause work-related nsks and hazards that
raise global health concerms for industial sewing workers and the emironment In this review, themefore, most of
the studies showed that work-related musmuloskeletal disorders (WMSDe) are 2 majer problem throughout the
waorld. However, strategies to conirol thas nsk typcally focus on redesizmng sewing workstatons to reduce the
ergonorme hazards that workers expenence during their work performance. Though the best way to have a safer
waorkstation without any munes during the work 15 to assess the nsks and hazards of WHSD. The amm of this
review study, therefore 15 to assess work-related nisks apd hazards for pamment-making workers at sewmg
waorkstations. Furthermore, there are three primary sk factors that are essenfially physical m nahwe, such as
forceful exertons, igh task repetibions, and awkward poshwes Besdes, the most common hazards at the
workstation are safety harards, liological hazards, physical hazards, ergonomic harards, chenmeal hazards, work
and person harards, fire hazards and environmental hazards. In addiion, there are mamy ways to reduce ergonomic
nisks and hazards thztcmh&h: fit the sewing workstation to the worker. Additonally, solubons can be gmuped
into ten mam categones, such as elminating the risks and hazards, substimting the risks and hazards, engineering
controls, visual and audible wammgs, admimstratmve controls, moproving week policies and pmcedurﬁ work
practice controls, counteractrve stretch breaks, a job rofation program and providing persomal protectve
equipment. Thiz review therefore sugzzested a study on ergonomic harards for making workers realize the
mmportance of ergopomics for assessing potential ergonomue risks and hazards factors that exsted arcund their
sewing workstztion. For ergonomic assessment methods, RULA and REBA are used fo review studies from
different researchers. In contrast, both survey-based methods show their ignificance and are surtable and accurate
to assess the nsk and hazards of ergonomucs m the workers" working emvironment. This review study, therefors,
suggested both methods as the most popular and widely used observational erponomic assessmant tools in various
mﬁmand;mice_».ltbh!pedﬂ:atﬂﬂmnmanddﬁcusmcmmspuemem;exdﬂnmhkepaﬂmthﬁ
present review study.

Kevwords: Gamments industry, RULA Erponcmic hazards, WHSD, REBA.
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Design and Simulation Ergonomically Sewing Chair for Garment
Manufacturing Workers

Abdalla Esmaesl™ ***, Diana Starovovtova’ and Jermry Ochola’.
1. Department of Mamfactiming, Textle and Industnal Enginesning, School of Engmeenng, Mol
Unmersity, Eldoret, Kenva.
2. Afineca Centre of Excellence in Phytochemical Textile and Fenewable Enerzy (ACEN FTRE), Mo
Unrrersity, Eldoret, Eenya.
3. Department of Industnal Enginesrmg, Faculty of Industries Engmearmg and Technology, University of
Genra, Sudan.

*Correspondmg author’s e-mail: abdalla 33065 smal com

Abstract

In garment-makmg mdustnes, workers have to work for more than eight howrs contirmally esther by sittmg or by
standing m one posiion. Therefore, stress 15 developed m thewr bodies, whech pught lead to mmsculoskeletal
disorders (MSDk). The purposed of this paper 15 to explam the design and simmlation of an ergonomme sewing chawr
waorkstation for workers at zarments mamfactming, Rivatex East Afiica Limted (EEAL), Eldoret, KEenya. The
SOLIDWORES 2023 softerare (desizn and smmulation tool), was used to develop an ergonomic design of the
_,Eunng{:hmwmksnunnbasednnﬂle worker's anthropometne data. The model of an ergonomically sewing char
was simulated using SOLIDWWORES softeare based on Fmite Element Analyszis (FEA) test with a deformation
scale of 30,0502 to check 1t= ability m“mmmenmghaf'ﬂjﬂhmmbady The loads apphed were 300 W on
the basze seat and 150 N on the backrest of the seat. The alummmm alloy 1060 was selected for FEA test with a
vield strangth of 2. 73 7e + 01 M'mm? and tensila strength of 6.8932 + 01 Nimm®. The FEA criteria mchuded stress,
displacement. stram and Factor of Safety (FOS). The FEA results showed that the alwmmium model passed the
test satisfactonly, due to the many criteria: the mardrmim stress 15 7.17%-01 Wimm® and does not exceed the viald
strength of the matenal which was acceptable; the maximwm displacement was 3.20%—03 mm thus, the
maammm deformahon becomes 003209 mm which was below the assigned safety level; the mawmmmm stram
established from the results was 6.258e-06 which was can be considered wathin the range for the material which
meant that the model would net break or fa1l due the applied loads. It was also established from the results that
there was a mummum FOS distnbution vahe of 3 from the model analvsis. Thes mmphed that the model needs 3
times of loads applied to deform the selected matenal which could be considered within the range safety limits.
Keywords: Sewing chair, Erponome design, Simalation, FEA | SOLIDWORES Somulation
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Abstract

Work-related Muscoloskel=tal Disorders (A{5D<) have become one of the main P.mhlems in the m:!lh.n.g snvirooment, and It
inereases employess’ nsk of illness. This health problem, however, may contribute to the long-man efects on producton
Pen'nm:.:.u.ce. Thes airm of thiz paper, therefore was to azzess the wrork-related RS Eul:gp.l:ments-m:h.n.g amp]n'j.'\ee:- at the mu-m.g
n'\m:hphne.. Rimatex East Africa Limited |’3_'E..r’|..'|'.:':|, Eldores, K.en‘jn. In order to detepmine the mhn.g postares and identiScation
of the hazard and o=k factors of the RMSD system d.eP:nd.l.n.g on the u'm:h.ng posture. I.a.P.l.d Ensire Bnd_T A.ua.l'_v."..i:- :_'R_E.B.r’l.] was
uzed to assess the exrgonomic work-related M5D:. The analysis resulis of employee posture for the exizting sewing workplace had
a final REBA seore of 5, which meant that thers was a m.ed.iumcgnnum.in sk of MSD= and cha.n.gz': neaded. In conchizion, the
fndings from thiz paper showed that the existing sewing workplace at the BEAL Betory needs to be redesipned in order to peduce
awkwrard postares and anthropometric mismatches to lower M50 problems and improve productivity among employees.

Eeyworde: MSD:, Working environment, REEA, Ergonomice sk, REAL factory.
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