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Abstract

In garment-making industries, workers have to work for more than eight hours continually either by sitting or by
standing in one position. Therefore, stress is developed in their bodies, which might lead to musculoskeletal
disorders (MSDs). The purposed of this paper is to explain the design and simulation of an ergonomic sewing chair
workstation for workers at garments manufacturing, Rivatex East Africa Limited (REAL), Eldoret, Kenya. The
SOLIDWORKS 2023 software (design and simulation tool), was used to develop an ergonomic design of the
sewing chair workstation based on the worker’s anthropometric data. The model of an ergonomically sewing chair
was simulated using SOLIDWORKS software based on Finite Element Analysis (FEA) test with a deformation
scale of 30,050.2 to check its ability to withstand the weight of the human body. The loads applied were 800 N on
the base seat and 150 N on the backrest of the seat. The aluminium alloy 1060 was selected for FEA test with a
yield strength of 2.757e + 01 N/mm? and tensile strength of 6.893e + 01 N/mm?. The FEA criteria included stress,
displacement, strain and Factor of Safety (FOS). The FEA results showed that the aluminium model passed the
test satisfactorily, due to the many criteria: the maximum stress is 7.175e-01 N/mm? and does not exceed the yield
strength of the material, which was acceptable; the maximum displacement was 3.209¢—03 mm, thus, the
maximum deformation becomes 0.03209 mm, which was below the assigned safety level; the maximum strain
established from the results was 6.258e-06 which was can be considered within the range for the material, which
meant that the model would not break or fail due the applied loads. It was also established from the results that
there was a minimum FOS distribution value of 3 from the model analysis. This implied that the model needs 3
times of loads applied to deform the selected material, which could be considered within the range safety limits.
This research study can be extended by fabricating and manufacturing the proposed sewing chair model and
validating the sewing chair design by experimental study.
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1. Introduction

1.1 Sewing workstation

In garment industries workers have to work for more than eight hours repeatedly either by sitting or by standing
in one position causing stress to develop in their system leading to musculoskeletal disorders (MSDs) (Ali, 2014).
In the previous study by Chan et al., (2002) to date, there have been relatively few intervention projects relating to
MSDs among sewing machine operators. According to Li et al, (1995), sewing workers suffer from
musculoskeletal problems, which have been attributed to poor working postures as well as to repetitive hand and
arm movements.

As stated in the previous study by Halpern & Dawson, (1997) specifically in the garment industry, the
incidence of MSD reported by sewing machine operators appears to be increasing. Recent research by Ahmed,
(2018) suggested for low-cost ergonomic solution i.e. use of a thread cone to adjust the chair height and wooden
pieces to uplift the sewing table to adjust to the worker's body dimensions. A previous study by Gade et al., (2015)
shows that sewing machine operators face a substantially higher risk of muscle pain and injury than workers in
other jobs.

In the Apparel manufacturing process, sewing is one of the most important operations. Most of such
industrial sewing is done by industrial sewing machines (Syduzzaman & Golder, 2015). An earlier study by Khan
etal., (2022) stated that scientifically designed sewing workstations reduce muscular-skeletal diseases. In addition,
the workstations for garments and textiles included cutting section, dyeing, visual inspection, pressing and sewing
(Leilanie, 2004). According to Nejad et al., (2020), the sewing chair workstation is one of the occupations where

67



Innovative Systems Design and Engineering www.iiste.org
ISSN 2222-1727 (Paper) ISSN 2222-2871 (Online) may
Vol.14, No.1, 2024 Ils E

the prevalence of MSDs is high.

As stated by Pagnan & Camara, (2012) for the individual workplace (sewing machines workstation)
would be ideal if there were more lights focused on the machines. According to Ramdass & du, (2007), some tasks
require operator training in contortionist sewing techniques which is done in the workplace. Besides, the human
body cannot adapt to every situation. People have differences and they have limitations, and this issue is not
evaluated thoroughly before contracting people on the job.

According to Aribowo et al., (2020), garment assembly operation practice is one of the courses in the
garment study program. It is a process of learning to sew components into apparel using a single-needle sewing
machine workstation. According to Habib, (2015), many sewing machine operators are working with high-risk
factors for musculoskeletal health in the garments industries in Bangladesh. Also, a study by Shah et al., (2016)
stated that the garment manufacturing industry is highly labour-intensive, especially in developing countries like
Pakistan.

Previous research by H et al., (2014) presents an ergonomic assessment of the workstations in cutting and
sewing sections of a garment manufacturing industry in Bangalore and aims at the identification of the “bad
ergonomics” leading to worker's health problems and suggests interventions for developing ergonomic
workstations. A study by Harrison et al., (2008) stated that a typical sewing workstation has a flat work surface
(51 * 122 cm) that can be adjusted by a mechanic to heights of 76 to 86 cm; but the height is usually fixed at 76
cm.

Additionally, in the case of sewing workstation design the floor space is around four (4) square meters in
cases where larger products are manufactured such as curtains, tents or rugs (Patil et al., 2017). At a traditional
sewing machine workstation, many health problems and MSDs are reported (Sheta et al., 2018). According to
Eladly etal., (2020), the experiment was designed to formulate guidelines for the ergonomic redesign of the sewing
workstation to fit each anthropometric trail.

According to recent study by Esmaeel et al., (2024) stated that an awkwardly designed sewing chairs in
garment manufacturing cause work-related risks and hazards that raise global health concerns for industrial sewing
workers and the environment. In this study, therefore, most of the studies showed that work related musculoskeletal
disorders (WRMSDs) are a major problem throughout the world. However, strategies to control this risk typically
focus on designing ergonomically sewing chairs for garments manufacturing workers to reduce the ergonomic
hazards that workers experience during their work performance.

1.2 Anthropometric data

According to Mohd & Esa, (2021), an anthropometric measurement is the collection of physical characteristics of
the human body that are relevant to ergonomic design, physical body anthropology, clothing size, consumer
product design, tool design, and equipment, among other fields. These characteristics include size, body shape,
strength in static and dynamic conditions, and ability to perform work. In the static state, measurements of length,
width, height, and circumference are taken whereas in the dynamic condition, measurements of speed and ranges
of motion are taken. The static condition also includes any adopted postures such as sitting or standing. Whenever
an anthropometric measurement is considered for design/redesign, it helps to improve comfortability level, reduce
low back pain, and musculoskeletal disorders and increase the performance of the user as well.

Research by Taifa & Desai, (2017) defines anthropometry as ‘‘the science of measurement and the art of
application that establishes the physical geometry, mass properties, and strength capabilities of the human body”.
In simple meaning, Anthropometry can be defined as the study which deals with body dimensions i.e. body size,
shape, strength and working capacity for design purposes and body composition. By the early 1990s, several
manufacturers commenced the mass production of modern furniture, especially chairs in different sizes and
dimensions, based on reliance on the anthropometric data available to the designers (Oyewole et al., 2010).

According to Silviana et al., (2022), the design process should consider many factors, such as the
anthropometric data. In addition to that anthropometry is a process of measuring the human body’s mass properties
and its physical dimension. According to Esmaeel et al., (2020), anthropometric data is used in ergonomics to fit
the workplace to the man, rather than fit the man to the workplace. Additionally, for ergonomists, one of the main
concerns is that controls and meters are readable and reachable. Therefore, this first design was based on
anthropometric data provided in the standard IEC-964 (Burns & Vicente, 2000).

A previous study by Obinna et al., (2021) stated that the purpose is not only to critique the ergonomic
suitability of the sewing furniture but to also present anthropometric data which could be used in the future for
making better-suited sewing furniture. According to Ali, (2014), anthropometric data are used in ergonomics to
specify the physical dimensions of workspaces, equipment, furniture and clothing to “inshape the task to the man”
and to ensure that the physical mistakes between the dimensions of equipment and products and matching user
dimension are avoided.

Studies of the anthropometric features of the proximal femur and the anterior femoral curve in the femora
from a Kenyan population have found these features to be different from those of other populations (Mukulu
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Ndeleva, 2017). According to Ulijaszek & Komlos, (2010), anthropometry is the longest-used measure of human
variation, and since it measures surface morphology, is intuitively understood at the elementary level. A previous
study by Adeyemi et al., (2019) stated that African countries, including Nigeria, have not shown enough
commitment to this need as most African countries are yet to possess an anthropometric database that is needed
for such standardization.

Current practice also fails to account for anthropometric diversity in the workforce and does not use the
potential of multi-objective simulation-based optimization techniques (Pascual et al., 2021). According to Yadav
et al., (2017), the placement of controls is a complex task for the designer who must take into account the
anthropometric characteristics of the target population. Although there are a huge number of studies in
industrialized countries which determine the anthropometric measurements of male and female workers employed
in many sectors, the number of studies treating the anthropometric measurements of workers in the textile sector
is limited (Kalinkara et al., 2011).

1.3 Ergonomic design

According to Esmaeel et al., (2020), the basic philosophy of ergonomics is to make any design of a sewing
workstation which leads to comfort, physical health, safety, well-being, and convenience and brings motive
towards studies. According to Avadanei et al., (2022), ergonomic designs recognize the harmonious relationship
between the human body, clothing, and the environment as well as the importance of “beauty in the form” and
“efficiency” in clothing design. A previous study by Esmaeel et al., (2022) stated that whenever designers wish to
have adjustable classroom furniture which is ergonomically designed based on anthropometric data.

A study by Eladly et al., (2020) stated that the experiment was designed to formulate guidelines for the
ergonomic redesign of the sewing workstation to fit each anthropometric trail. As a result, operators’ postures are
constrained by four workstation setting factors, which were assigned for study. Previous research by Aribowo et
al., (2020) found that the existing sewing machine workstation has fixed height at the table and the chair which is
not based on the ergonomic aspects of working posture. According to Esmaeel et al., (2020), ergonomics is a
science focused on the study of human fit, decreased fatigue, risk, hazed and discomfort through product design.

Previous research by Harari et al., (2017) specified that when designing a workstation with manual material
handling tasks, it is important to study both ergonomics and production. According to Gopura & Amarasena,
(2008), ergonomically designed chairs are important for long-time seated workers to increase their productivity
and also to reduce low back injuries due to the use of poorly designed chairs in ergonomic aspects. In addition,
ergonomically designed chairs increase the seating comfortability of the chair users. Most of the chairs designed
for long-time seated workers are not considered the full ergonomic aspects.

According to Yadav et al., (2017) the compatibility of human capabilities and limitations, in conjunction with
operations and work environment, with the ways of designing machines is dealt with within ergonomics principles.
An earlier study by Mohamed et al., (2010) found that there is little attention has been paid to designing
ergonomically correct side-mounted desktop chairs for university students. Mihartescu et al., (2021) it was
established that the most important feature of the workstation is ergonomic.

A previous study by Pereira et al., (2014) defines ergonomics is the science that offers a positive basis for the
modern forms of production administration, reducing the incidence of pathologies. Also, a study by Eugene, (2017)
defines that ergonomics as the study of the relationship between the workers and the working environment.
According to Talapatra & Mohsin, (2020), tools that are not ergonomically fit may have an adverse effect on the
health of users and ths can provide risk or hazard of causing harm.

Food et al., (1997) define ergonomics as the science involved in designing a workstation hence that it
accommodates the worker. Additionally, a virtual figure representing the user is placed on the chair, in an
appropriate posture, to check the ergonomics of the chair and to verify that the final design is stable enough to
stand (Gross et al., 2011). In order to produce a user-friendly product that is suitable for the consumer,
consideration of the ergonomic factor is taken into account (Hussin, 2009).

Ergonomics comes from the Latin ergon which means work, and nomos which means natural law. In addition
to that, it is defined ergonomics as a systematic science to utilize the information about nature and humans’ abilities
and limitations to design a work system, since ergonomics is related to efficiency, optimization, health, safety, and
comfort in the workplace or where they are placed. In general, ergonomics is a study of the system in which
humans, work facilities, and their environment are correlated with each other in order to adapt to the work
atmosphere and the people. In particular, the aim of studying ergonomics is to humanize humans (Wibowo &
Mawadati, 2021).

According to Kalinkara et al., (2011), an ergonomically appropriate working environment designed by the
needs of the workers is taken into account and determines the conditions that require minimum power for the task
by minimizing the forces on the user. Though the design is simple, it still emphasizes ergonomics in the design
(Mohd Idris & Esa, 2021). Ma et al., (2021) combined principal stress analysis, asymptotic stability, and
ergonomics to design the Durotaxis Chair. Designing efficient ergonomic chairs and tables for students while some
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of them are available in the market, the new design should overcome all the disadvantages of existing ergonomic
chairs and tables (Khan et al., 2022).

1.4 SOLIDWORKS simulation

According to a study by Madara et al., (2016) that used SOLIDWORKS, 2013 as an engineering, design and
simulation tool. SOLIDWORKS software is essentially a three-dimensional (3D) solid model component system
and an upgraded version of the computer-aided design (CAD) 3D software modelling system developed by the
Windows operating system (Wu et al., 2019). To enable the manufacturability of furniture designs, joints must be
added at places of intersections. However, for casual end-users, determining and drawing proper joint patterns can
be a liability, even with the help of some design software (e.g., AutoCAD, SOLIDWORKS, UG, Inventor,
Inkscape, and so forth) (Yan et al., 2023).

According to Baikerikar, (2017), the dogbone is designed similarly to the specifications stated in ASTM
D638. These geometries were designed in SOLIDWORKS as solid continuous models. Furthermore,
SOLIDWORKS software makes a theoretical analysis of the durability of the Chair Ladder product that has been
designed (Mohd Idris & Esa, 2021). Additionally, the 3D model of the edamame picking device was established
by SOLIDWORKS, which provided a solid foundation for the later finite element force simulation analysis (Wu
et al., 2019).

According to Kog et al.,, (2011), the FEA application is an important engineering technique that was
investigated with SOLIDWORKS/CosmosWorks system. In addition to that SOLIDWORKS Simulation uses a
DoE-based optimization method (Systemes, 2021). Recent research (Conference & Studies, 2015) defines
engineering analysis with SOLIDWORKS Simulation as an introductory text. Therefore, the focus is more on
understanding FEA than presenting all software capabilities. The study used SOLIDWORKS simulation for FEA
test.

Without using an optimization study, the best part of the design can be achieved only by expensive and
time-consuming product development cycles. So typically, must first build the model in SOLIDWORKS CAD
system, prototype the design, test the prototype in the field, evaluate the results of the field tests and modify the
design based on the field test results. This process can continue until a satisfactory solution is reached. On the
other hand, by using SOLIDWORKS modules for preliminary studies (SOLIDWORKS Simulation
Xpress/Simulation/ Design Study) it can be accomplished tasks like testing the model using the computer rather
than field tests, thus reducing cost, reducing time to market by reducing the number of product development cycles
and optimize the designs by simulating concepts and scenarios before making final decisions (Iancu, 2017).

The 3D model has been built using SolidWorks Software. Nowadays, SOLIDWORKS environment is
considered a powerful tool that helps designers to design products and attain their performance before the physical
prototype stage. Moreover, SOLIDWORKS simulation model has been employed to test the frame of the
wheelchair under the weight of the human body and the upper part of the wheelchair (Altalmas et al., 2013).

As stated by Iancu, (1844) SOLIDWORKS simulation/simulation express module “offers an easy-to-use.
As described by IANCU & GUTSALENKO, (2019) when is used a simulation tool, the best part design can be
achieved only by CAD and simulation product development cycles, thus saving expensive and time-consuming
tests. In a classical manufacturing cycle are taken following steps: modelling the item in SolidWorks CAD system,
prototyping of the design model, testing the prototype in the laboratory, evaluating the results of the field tests and
if it’s necessary, modifying the design based on the field test results.

According to SOLIDWORKS, (1995), SOLIDWORKS mechanical design automation software is a
feature-based, parametric solid modelling design tool which takes advantage of the easy-to-learn Windows
graphical user interface. Similarly, a previous study by Paper et al., (2013) introduced SOLIDWORKS is
considered one of the most powerful tools to design and simulate mechanical designs and products.

1.5 Finite element analysis (FEA)

According to Starovoytova et al., (2016), the FEA is a computational technique used to obtain approximate
solutions of boundary/field value problems in engineering. A recent study by Mahantesh et al., (2023) stated that
the FEA is a method used to analyse the physical phenomena in solid and fluid mechanics, structural field and also
for the solution of the field problems. Previous research by Haraga & Goanta, (2017) specified that the FEA
application is an important engineering technique in the furniture industry nowadays.

Previous research by Miller, (1989) stated that FEMs are the most common analytical tool used to evaluate
the strength design of furniture frames, and the resultant stiffness matrix structural analyses will pinpoint the
weakness points in the structure. In addition to that the CAD system incorporates the complete design/redesign
process, from detailed product drawing to strength and stability evaluation of furniture, by applying the FEA.

According to Mustafa, (2012), the first study of FEM in furniture design was in 1966. A study by Langova
et al.,, (2019) is aimed at designing flexible chairs consisting of lamellae using FEA. Research by Hemaraju et al.,
(2019) identified that the FEA is the most widely used computational technique where a complex geometry is
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divided into a mesh that consists of elements represented by nodes at the corners. According to Fu et al., (2017),
the FEA method gradually is applied to the structural design/redesign of the sewing furniture.

Most furniture frames are made up of structural elements called indeterminate frames, which makes it a rather
tedious task to analyze the internal forces in the frame. However, using the FEA, it has been possible to overcome
this issue (Hu et al., 2019). The required steps for FEA analysis, which is standardized by the engineering
community and sometimes guided by the technical guidelines of the regulatory agencies, are elaborated to show
that the FEA techniques are universal and thus acceptable in the international engineering community (Javidinejad
& Ph, 2021).

According to Baikerikar, (2017), the FEA is a widely used analysis tool for various linear and nonlinear
engineering problems (structural, vibrational, thermal etc.). Finite element analysis (FEA) is a numerical method
for solving problems in engineering and mathematical physics. It’s very useful for problems with complicated
geometries, loadings, and material properties where analytical solutions can be obtained. FEA is the method of
using virtual simulation technology to test how a product design reacts to physical effects including bending, heat,
vibration, fluid flow, and other impacts (Mohd & Esa, 2021).

According to Wu et al., (2019) the unique advantage of the SOLIDWORKS software, that is, the FEA
function to mesh the internal appearance structure of the sugarcane harvester drainage device. Previous research
by Bryant et al., (2005) stated that the existing design tools primarily focus on the initial design phases, such as
customer need gathering (e.g. quality function deployment), or on the later steps of design embodiment or detail
design (e.g. design structure matrices, graph grammars, solid models, dynamic modelling, and FEA).

According to Simek & Sebera, (2010), the most suitable technologies for the field of furniture are found
within Computer Aided Engineering (CAE), namely numerical simulations, FEA development and Computer
Numerical Control (CNC) production. Recent studies related to the modelling and the analysis of furniture design
are focused on using a process of parametric CAD modelling and FEA for achieving furniture pieces (Scurtu et
al., 2015).

1.6 Purpose of the study
The purpose of this present study is to design and simulate an ergonomic sewing chair workstation for workers at
garments manufacturing, REAL, Eldoret, Kenya.

2. Materials and methods

2.1 Simulation Methods of FEA Static Analysis

FEA is a significant computerized numerical method that provides approximate solutions for structural and thermal
analysis in different application areas. Furthermore, to perform the FEA static simulation to get the results the
following steps can be used as seen in Figure 1.
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Figure 1: Main steps of the simulation models using FEA static analysis

2.1.1 Prepare the 3D CAD Model in SOLIDWORKS 2023

The model of the sewing chair was drawn and built using a part design in SOLIDWORKS 2023 as a 3D finite
element analysis program based on the worker’s (male and female) anthropometric data. This 3D CAD model was
used for FEA as the simulation experimental. The proposed worker’s sewing chair model is seen in Figure 2.
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Figure 2: The proposed workers' sewing chair model done by 3D SOLIDWORKS 2023

2.1.2 Assign the Material

The response of a part (sewing chair) model depends on the material assigned to the part. Besides, in the material
dialog box, expand the class of materials and select a material then click apply. Additionally, the assigned material
for the part design of the sewing workstation (sewing chair) as illustrated in Figure 3.
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Figure 3: Assigning material for the part (sewing chair) model

3.1.2.1 Material Selection for FEA Test

According to recent studies by Starovoytova et al., (2016); and Madara et al., (2016) the properties for
consideration of the materials selection were limited to: technical properties of materials (density, conductivity,
strength, etc.); manufacturing of materials (easy to manufacture with existing manufacturing facilities, etc.);
economic properties of materials (cost for material and production, availability, etc.) and; ecological properties of
materials (recycle-ability, sustainability, etc.). Additionally, the materials selection was done according to Miller,
(1989). Aluminium alloy was selected for the FEA test because is now the most widely used metal in the furniture
industry due to its competitive cost, lightweight, corrosion-resistant, and excellent working properties, especially
for the manufacture of metal chairs. In this context, metals continue to be the preferred material for sewing
furniture due to their contemporary look. In addition, the FEA static analysis was employed on the sewing
workstation (sewing chair) model to check its ability to stand under the weight of the human body. Table 1 shows
the specifications of used materials.
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Table 1: Specification of used material properties
Aluminium alloy 1060

Properties/Materials Value Units References
Elastic modulus 6.9¢ + 10 N/m”™2
Poisson’s ration 0.33 N/A
Shear modulus 2.7¢ + 10 N/m"2 Starovoytova et al., (2016);
Mass density 2700 Kg/ m"3 Kureshi et al., (2014); Madara et
Tensile strength 6.893e + 01 N/mm*2 al., (2016) and Paper et al.,
Yield strength 2.757e + 01 N/mm”2 (2013).
Thermal conductivity 200 W/(m.k)
Specific heat 900 J/(kg.k)

2.1.3 Start a Simulation Study

To start a simulation study for this research. Therefore, from the simulation toolbar in SOLIDWORKS simulation,
the new study was selected then clicked ok on the static for starting a simulation study for the FEA test on the
proposed sewing chair model as seen in Figure 4.
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Figure 4: Starting a simulation study for the sewing chair model

2.1.4 Applying the Fixtures

In the simulation analysis, the first step is applied fixtures to faces or edges of the model part. However, in this
present study, the fixtures were applied in five faces for the proposed sewing chair model as seen in Figure 5 as
well as in the Table 2.
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Figure 5: Appling fixtures in the five faces of the sewing chair model

Table 2: Appling fixtures in the sewing chair model
Fixture name Fixture Image Fixture Details

Fixed-1 Entities: 5 face(s)

Type: Fixed Geometry

2.1.5 Applying the Loads

In SOLIDWORKS Simulation, the loads of the designed part can be either applied forces, pressure or both to face
or edges of the model part. According to Mahantesh et al., (2023) the average human weight of 800 N or (82 kg)
is applied at the base seat of the proposed sewing chair model while the average human weight of 150 N or (15
kg) is applied at the backrest seat of the proposed sewing chair model as seen in Figure 6 as well as in Tables 3
and 4.

Table 3: Loads acting on sewing workstation

SI. No Parts Load (N) References
1 The base seat of the proposed sewing chair model 800 Mahantesh et
2 The backrest seat of the sewing chair model 150 al., (2023).
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Figure 6: Applying the loads in the sewing chair model

Table 4: Applying the loads in the sewing chair model
Load name Load Image Load Details

Force-1 Entities: 1 face(s)
Type: Apply normal force
Value: 800 N
Entities: 1 face(s)
F -2
oree Type: Apply normal force
Value: 150 N

2.1.6 Generate the mesh

The mesh was generated as seen in Figure 7 as well as in Table 5 as the element shape taken was tetra and quad
with fine sizing. Additionally, the mashing generated information considered was: maximum element size is
54.0261 mm; minimum element size is 2.70131 mm; mesh quality is high; total nodes is 69620; total elements is
39657; maximum aspect ratio is 34.349; % of elements with aspect ratio < 3 is 98.8; percentage of elements with
aspect ratio > 10 is 0.00504; percentage of distorted elements is 0 and time to complete mesh is 00:00:13
(hh:mm:ss).
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Figure 7: Mashing generated for the proposed sewing chair model

Table 5: Mashing generated information for the proposed sewing chair model

Mesh type Solid Mesh
Mesher used: Blended curvature-based mesh

Jacobian points for high-quality mesh 16 Points
Maximum element size 54.0261 mm
Minimum element size 2.70131 mm
Mesh quality High
Total nodes 69620
Total elements 39657
Maximum aspect ratio 34.349
% of elements with aspect ratio <3 98.8
Percentage of elements with aspect ratio > 10 0.00504
Percentage of distorted elements 0
Time to complete mesh (hh:mm:ss) 00:00:13

2.1.7 Run the Study

Simulation prepares the model for analysis and then calculates stress, displacements, strain and FOS. At this stage,
it’s done a static analysis by FEA of the studied part, with default settings for the type of finite element and mesh
density. For these elements can be used the default settings or changed settings, as described by Iancu, (1844),
(2017); and Tancu & Gutsalenko, (2019). These settings were used for the simulation and analysis as seen in figure
8. Moreover, linear static analysis is run on the proposed sewing chair model. This is to determine the maximum
stress and strain on the proposed sewing chair model. This is because, before fabricating some design we need to
know the performance of the object that needs to be fabricated. It is to avoid something wrong happening for
example fabricating an object without knowing the performance may lead to a waste of energy or waste of money
as maybe the object cannot become as desired. Hence, running a simulation test on the design in SOLIDWORKS
software may prevent unwanted events from happening.
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Figure 8. Running the static analysis for the proposed sewing chair model by FEA

2.1.8 View the Study Results
After running a study, the results were viewed for the sewing workstation (proposed sewing) model as stress,
strain, displacement and FOS results. Besides, figure 9 shows the viewing the study results for FEA static analysis.
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Figure 9: Viewing the study results

3. Results and Discussion

3.1 Simulation Results of FEA Static Analysis for the Proposed Sewing Chair

A static simulation study was done on the proposed sewing chair model with a deformation scale of 30,050.2 to
ensure the capability of the model to stand under the weight of the human body. Additionally, the proposed sewing
chair was analyzed through FEA static analysis test to check its ability to stand under the weight of the human
body. The 800 N (82 kg) external force was applied at the upper side of the proposed sewing chair and 150 N (15
kg) was applied at the backrest of the sewing chair. In addition, the FEA static test has been done using aluminum
alloy 1060 with the elastic modulus: 6.9¢ + 10 N/m?; yield strength: 2.757¢ + 01 N/mm?; tensile strength: 6.893¢
+ 01 N/mm?; specific heat; 900 J/(kg.k); Poisson's ratio: 0.33; mass density: 2700 kg/m?; thermal conductivity:
200 W/(m.k) and shear modulus: 2.7e+10 N/m? for the proposed sewing chair model to check the ability to stand
under the weight of the human body.

3.1.1 Results of Stress Analysis of the Proposed Sewing Chair Model
The stress analysis results for the sewing chair are shown in Figure 10 and Table 6, as the value of maximum and
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minimum stress for the proposed sewing chair which acts on the seat and the backrest. The maximum value for
stress at the seat is 7.175¢ — 01 N/mm?, node: 67581 and the minimum stress is 1.414e — 05 N/mm?, node: 48336.
Therefore, the proposed sewing chair redesign value for maximum stress does not exceed the yield strength of the
selected material which is 2.757e + 01 N/mm?, which was below the assigned safety level. Thus, the proposed
sewing chair model part will not break or fail under applied external loads.

hodel narme: Full-model of the chair.step
Study narne: Static 1(-Default-)
Plot type: Static nodal stress Stress
Defarmation scale; 30,050.2

won Mises (N/mm™2 (hPa))

7175e-M

._ 6.457e-M

- 5.740e-

Pla: [ 7.175e-01

- h02Ze-0
_ 4305e-01
_ 3.587e-0
. 2.870e-
. 2153e-M

1.435e-01

hdin:| 1.414e-05

7176e-02

1.414e-05

— Vield strength: 2.757e +01

Figure 10: Results of stress analysis of the proposed sewing chair mode

Table 6: Results of stress analysis on proposed sewing chair redesign

Linear static analysis Value/Units
Yield strength for the selected material 2.757¢ + 01 N/mm"2
. . 7.175e — 01 N/mm"2

Max stress on the sewing chair model Node: 67581
. . . 1.414e — 05 N/mm”2

Min stress on the sewing chair model Node: 48336

3.1.2 Results of Displacement Analysis of the Proposed Sewing Chair Model

The displacement analysis results for the proposed sewing chair model are shown in Figure 11 and Table 7, as the
value of maximum and minimum displacement for the sewing chair which acts on the seat and the backrest. The
maximum value for displacement at the seat is 3.209¢ — 03 mm, node: 26013 and the minimum stress is 1.000e —
30 mm, node: 36303. Therefore, the proposed sewing chair model value for the maximum deformation is very
small, it is 0.03209 mm, which was below the assigned safety level. Thus, the maximum displacement achieved
when the proposed sewing chair model was subjected to the loads specified, was barely noticeable and hence the
part was decided to be acceptable to work in those conditions as specified.
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Figure 11: Results of displacement analysis of the proposed sewing chair model

Table 7: Results of displacement analysis on the proposed sewing chair model

Linear static analysis Value/Units

Maximum deformation for model 0.03209 mm
. . . 3.209¢e — 03 mm

Max displacement on the sewing chair model Node: 26013
N q ] 1.000e — 30 mm

Min displacement on the sewing chair model Node: 36303

3.1.3 Results of Strain Analysis for the Proposed Sewing Chair Model

The strain analysis results for the proposed sewing chair model are shown in Figure 12 and Table 8, as the
maximum value of the strain at the seat of the chair is 6.258¢ - 06; element: 35287 and the minimum strain is
1.502¢ - 10; element: 27300. Therefore, the maximum strain value occurs in the middle of the seat. It shows the
elongation occurs when the seat is applied with the load. Since the value of strain does not exceed the value of
tensile strength of the selected material, which is 6.893e + 01 N/mm?, therefore, the seat model will not break or

fail during this load.
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Figure 12: Results of strain analysis of the proposed sewing chair

Table 8: Results of strain analysis on the proposed sewing chair model

Linear static analysis Value/Units
Tensile strength for the selected material 6.893e + 01 N/mm”2
. . . 6.258e — 06;
Max strain on the sewing chair model Element: 35287
1.502¢ — 10;

Min strain on sewing chair model Element: 27300

3.1.4 Results of FOS for the Proposed Sewing Chair Model

The FOS analysis results for the proposed sewing chair model were shown in figure 13 and table 9, as the maximum
value of the FOS at the seat of the chair is 3.000e + 00; node: 1 and the minimum FOS is 3.000e + 00; node: 1.
Therefore, the minimum FOS distribution value of 3 that means the model needs 3 times of loads applied to deform
the selected materials, which is surely safe product and will not brake or failure during the applied loads.
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Figure 13: Results of FOS analysis on the proposed sewing chair

Table 9: Results of FOS analysis on proposed sewing chair model

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

4.0 Conclusion

In conclusion, the objective of this study was to design and simulate an ergonomically sewing chair workstation
for workers in garments manufacturing. The FEA results were showed that aluminium model successfully passed
the test, according to the due to the criteria considered in this study which included: maximum stress (7.175¢e-01
N/mm?) which did not exceed the material yield strength. In addition, the maximum displacement (3.209¢-03
mm), and thus, the maximum deformation (0.03209 mm), was also established to be below the assigned safety
level. It was further established that the maximum strain of 6.258e-06 was within the acceptable limits, which
implied that the model will not break or fail during the applied loads. Moreover, the minimum FOS distribution
value of 3 established in this study, implied that the model needs 3 times of loads applied to deform the selected
material, which can be considered as safe and acceptable for ergonomically fit sewing chairs for garment
manufacturing workers. Therefore, the study can be extended by fabricating and manufacturing the proposed
sewing chair model and validating the sewing chair design by experimental study.
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