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ABSTRAK

Sabit merupakan alat pertanian tradisional untuk menuai tandan buah kelapa sawit, biasanya terdiri daripada bilah
logam melengkung dan pemegang kayu pendek. Sabit Teras Premium produk rekaan Teras Tegas Argotech Sdn.
Bhd. mempunyai memberi kecekapan penuaian dan keselesaan pengguna. Tujuan penyelidikan ini adalah untuk
mereka bentuk semula sabit bagi mengoptimumkan kelengkungannya, sekali gus meningkatkan kecekapan dan
prestasi pemotongan. Penyelidikan mendalam mengenai reka bentuk Sabit Teras Premium yang sedia ada, yang
difokuskan pada kelengkungan bilah, telah dijalankan dengan menggunakan pendekatan kejuruteraan terbalik dan
pemodelan 3D dalam SolidWorks. Teknik Analisis Statik Linear dan Analisis Dinamik telah digunakan. Analisis
Linear Static menggunakan Simulation Xpress telah dilakukan untuk menilai anjakan, tekanan, dan faktor
keselamatan. Oleh itu, dengan data yang diperoleh daripada faktor keselamatan, digunakan untuk mencari keletihan
menggunakan Kaedah Interpolasi Newton dan ia menunjukkan reka bentuk yang diperbaiki mempunyai keletihan
yang lebih tinggi berbanding yang sedia ada. Sementara itu, Analisis Dinamik dilakukan oleh ANSYS (FLUENT)
untuk menunjukkan kelajuan, tekanan, dan kelikatan yang dikenakan ke atas sabit, memberikan maklumat tentang
jangka hayatnya. Semasa penilaian ini, kedua-dua reka bentuk sabit sedia ada dan yang diperbaiki telah tertakluk
kepada pelbagai keadaan beban yang mensimulasikan daya penggunaan sebenar dan keletihan. Keputusan
menunjukkan bahawa reka bentuk sabit yang diperbaiki mengatasi yang sebelumnya dari segi analisis linear static
dan dinamik, menunjukkan kecekapan, prestasi, dan ketahanan yang lebih tinggi. Kaedah pengesahan, yang termasuk
pengukuran Pekali Variasi (CV) dan Kecekapan Reka Bentuk (DE), mengesahkan bahawa reka bentuk sedia ada dan
yang diperbaiki menunjukkan reka bentuk yang dioptimumkan mencapai kapasiti maksimum, meningkatkan
ketepatan pemotongan dan meminimumkan usaha pengguna.



ABSTRACT

The sabit, a traditional agricultural instrument for harvesting oil palm fruit bunches, is normally made out
of a curved metal blade and a short wooden handle. The current Sabit Teras Premium by Teras Tegas
Argotech Sdn. Bhd. has gives harvestingefficiencyand user comfort. The goal of thisresearch isto redesign
the sabit in order to optimise its curvature, hence improving cutting efficiency and performance. An in-
depth investigation of the existing Sabit Teras Premium design, focused on blade curvature, was carried out
utilising a reverse engineering approach and 3D modelling in SolidWorks. The techniques of analysis
Linear Static, and Dynamic were used. Linear Static Analysis using Simulation Xpress been done to assess
the displacement, stress and safety factor. Hence, with data get from safety factor used to find the fatigue
using Newton Interpolation Method and it show the improvement design had higher fatigue than existing.
Meanwhile, Dynamic Analysis done by ANSYS (FLUENT) to indicate the velocity, pressure, and
viscosity exerted on the sabit, providing information about its lifespan. During these assessments, both
existing and improvement sabit designs were subjected to varied loading situations that simulated actual
usage forces and fatigue. The results showed that the improvement designs of sabit outperformed the
previous one in terms of linear static and dynamic analysis, showing higher efficiency, performance, and
durability. The validation method, which included Coefficient of Variation (CV) and Design Efficiency
(DE) measurements, confirmed that existing and imprvement design shown the optimised design achieves

maximum capacity, enhancing cutting accuracy and minimising user effort.
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CHAPTER 1
INTRODUCTION

In this Chapter 1, the study is separated into five main subtopics. Starting with the background
of th study, the problem statement briefly describes the study'sobjective. Furthermore, the scope
and significance of the study is listed as well and Chapter 1 closes with the report

organization.

1.1 Background of the Study

Palm oil, produced from the fruit of the oil palm tree or scientific name Elaeis
guineensis (Saleem et al., 2022; Urugo et al., 2021) as shown in Figure 1.1, is the most
frequently used vegetable oil globally, accounting for around 35% of global vegetable oil
production in 2020 as mentioned by Goh (2022). Its popularity arises from its adaptability,
affordability, and greatyield. Palm oil is one of the mostcommonly used vegetable oilsin the
world today. Palmoil as shown in Figure 1.2 is a product of oil palm and a necessary domestic
commercial productthat is consumed for diverse applications. Palm oil is found in a large

diversity of items, includingfood suchas cookingoils, margarine also cosmetics and biofuels.
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Figure 1.2: Palmoil fruits (Urizar, 2022)

Figure 1.3 shows instances of under-ripe on the left, ripe or mature on the middle and
over-ripe on the right palm oil fruit bunches. The maturity of palm oil fruit bunches can be
determined simply by lookingatthe fruit's color. The fruit'sdevelops from a blue -black to dark-
red when ripening. Another indicator used to determine a matured palm oil bunch mention by
(N. A.Mohd Basir Selvametal., 2021) is the duration of time a matured bunch usually requires
to completely ripen. Itcan take around 20 to 22 weeks forabunch of fruits to mature. Typically,

there could be 5 to 6 developed bunches on the treeready to harvest.
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Figure 1.3: Under-ripe, ripe or mature and over-ripe palm oil fruit bunch (leftto right)(N. A.

Mohd Basir Selvam et al., 2021).

Palm oil revenue has expandedsubstantially over the past50 years (Austin etal., 2019;
Ostfeld et al., 2019). In 1970, the globe was manufacturing only 2 million tonnes. The figure
now increases 35 times higher since in 2018 the world produced 71 million tonnes (Pendrill et
al., 2019). Meanwhile, in 2017, accordingto Tan and Lim (2019) palm oil officially became
one of the main and mostsignificant vegetable oil sectors worldwide. The changein production

worldwide appearsinthe Figure 1.4 belowshown increasingin palm oil industry from 2000 to
2020 stated by Ritchie (2024).
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Figure 1.4: Change in Production of Palm Qil Industry since 2000to 2020 (Ritchie, 2024)

The production of oil palm contributes significantly to hiring and investment
opportunities for individuals. The palm oil-based products are placed second of Malaysia’s
growth revenue after petroleum-based products. Since palm oil is a recyclable resource, the
value of palm oilbecame very apparentand the palm oil tree plantation is hugely developed in
Malaysia. Besides that, (Tan and Lim, 2019) (Abubakar et al, 2021) amongall nations, the
biggest and second-biggest suppliers of palm oil are Indonesia and Malaysia, exporting more

than 90% of their production of palm oil, providing approximately 80% of theworld's palm oil.

As a result, there is an increasing need for large manpower in the plantation sector to
maintain pace with the substantial level of output in the country. The precise number of palm
plantation workers in Malaysia is challenging due to the industry's widespread nature and the
majority of workers being engaged in small-scale and informal plantations as mentioned by
Abdullah etal. (2023).
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The estimated number for the palm plantation workers in Indonesia in 2019 was 4.42
million (Abdullah et al., 2023). The large manpower in palm plantations is indicative of
extensive human engagement and physical labor. Although automated cutting instruments are
readily accessible, their poor utilization in the sector can be attributed to the substantial
maintenance expenses associated with them. Meanwhile, traditional cutting instruments
resembling the chisel and sickle are often employed by palm workers to harvest fresh fruit
bunches. During the process of harvesting, the harvester will first remove the fronds in order
to preventthe cuttinginstrumentfrom cominginto contact with the fresh fruit bunches. Figure
1.5 illustrates the process to harvest a palm oil bunch. The distance from the harvester and the
palm oil bunch is considerable and it is fairly hard to tell whether the fruit bunchis either ripe

orunder-ripe.

Figure 1.5: The process to harvest a palm oil bunch (Tanand Lim, 2019)

Most harvesters still rely on traditional methods to harvest palm oil bunches. This
approach demands a lotof energy and knowledge in detectingthe ripe palm oilbunch. Present
techniques involve the use of a chisel or sickle as shown on Figure 1.6 which needs human
labor and is repeated. Knowledge and energy are required to achieve successful cutting. The
palm oil harvesting procedure with a sickle contains a sequential sequence of phases.

15



Figure 1.6: Traditional Sickle and Chisel for Harvesting (Ramli etal., 2020)

A palm oil sickle is a specific cutting tool utilized for harvesting oil palm fruit. There
are many sorts of palm oil sickles available, in various sizes and types, allowing harvester to
buy up on the mostimportantitem for oil palm harvesting. These sickles are normally produced
from high-quality steel, formed to shape, heat-treated, and then sharpened by experienced
craftsmen to achieve an ideal cutting edge. The main purpose of a palm oil sickle is to cut and
collectboth ripe and fresh fruitbunches from the oil palm while preventing damage to the fruit
or the tree. An excellentsickle is required to ensure the most return from the produced fruit
bunches. Numerous manufacturers and suppliers are producing a range of palm oil sickles
customized to fulfill the special requirements of oil palm harvesting. These sickles are designed

with a curved blade and a small handle for ease of use in the palm oil plantation.

Furthermore, companies like Teras Tegap Agrotech Sdn. Bhd. (TTASB) in Malaysia
develop and provide a wide range of sickles, chisels, hooks and more as shown on Figure 1.6
designed for plantation requirements, highlightingthe importance of cutting-edge performance

in harvestingoil palm equipmentfora successful harvest.
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I

Figure 1.7: Teras Tegap Product

The cutting force necessary to cut palm fresh fruitbunches and fronds varies on the size
and maturity of the bunches and fronds, cutting procedures, and the cutting tool utilized. The
high cuttingstrength demands the harvesters to exertthe corresponding hand forces for cutting
the fronds, resulting in substantial physical exertion that might lead to fatigue. Meanwhile, the
harvesters must exert the cutting force manually and multiple cutting attempts are required to
cuta frond or fresh fruitbunches in the actual palm environment. High physical effort is needed
to handle the cutting tool, considering the tool's weight and the required cutting force.
Furthermore, the harvestersare exposed to harsh ergonomics and repetitive cutting action when
manipulating the cutting tool and chopping down the fresh fruit bunches. The extreme
discomfort can have resulted fromspine loads, which produce vertebral stress and lead to

numerous back problemsas indicated by Glowinskietal. (2021).
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1.2 Problem Statement

The study on the curvature of palm oil sickles is rather limited compared to studies
focusingon the material compositionand sharpness of these essential harvestingtools noted by
Ling etal. (2014). While there has been outstandingfocus dedicated to the creation of durable
materials and the preservation of sharp cutting edges, the delicate characteristics of sickle
curvature have been ignored in the current literature. This gap in study constitutes a serious
restriction, as thecurvature of the sickle plays a vital role in the overall efficiency and precision
of palm oil harvesting. Addressing this gap through a detailed examination of the curvature of
palm oil sickles is crucial to unleash possible improvements in harvesting procedures and

increase overall efficiencyin the palm oilindustry.

Although the agricultural product is efficiently harvested by the palm oil sickle now in
use, thereis plenty of opportunity forimprovement. The study hasindicated thatthere isa need
fordevelopmentin areas like improved curvature, sharpened cutting edges, and refined designs
(Barakat and Squires, 2023) among other things. Resolving these issues could result in
significant increases in harvesting efficiency. Consequently, this could lead to higher output
and possibly lower labour requirements. We can increase the efficiency of the palm oil

harvesting process to a new level by focusing study efforts on sickle optimisation.

The current problem lies in the lack of a systematic comparison of the Sabit Teras
Premiumand other sickles, specifically in termsof their curvature and harvesting performance.
The absence of a full review impacts the identification of potential vulnerabilities in the other
sabit design and the measurement of potential enhancements supplied by the new design. To
fill this gap, there is a need for a thorough analysis using Linear Static, Fatigue and Dynamic
studies to compare the curvature-related parameters and overall harvesting performance of the
two sickles. Thisstudy seeksto provide significantinsights into the efficacy ofthe novel design,
establishinga platform for informed decision-making and prospective upgrades in palm oil

harvestingprocedures.
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1.3 Objective of Study

The objectives for this study are stated below;
I.  Toidentify the properties of Sabit Teras Premium by focusing on curvature using near
Static Analysis, Fatigue Analysis.
[1.  To redesign the Sabit Teras Premium in terms of improving its optimal curvature to
extensively improve the efficiency of harvesting.
1. To conduct a comparison of the improvement and existing Sabit Teras Premium in
terms of harvesting performance, applying Linear Static Analysis, and Dynamic

Analysis.

1.4  Scope of Study

This study is exclusively focused on the Sabit Teras Premium and precisely explores
the curvature properties of both new design and existing Sabit Teras Premium will be
performed, considering elements such as blade shape, curvature radius, and overall geometry.
The primary emphasis is on conducting design modelling using SolidWorks. Furthermore,
three sorts of technique assessments, including deformation tendencies under various loading
circumstances using Linear Static Analysis and examining the vibrational behavior and for
fatigue analysis to calculated the safety factor to ensure the Sabit Teras Premium design in
safety mode. Next, for fatigue analysis is to study about the maximum lading to ensure the
design is safe to fabricated and used. While, for dynamic responses using Dynamic Analysis,
will be applied to completely examine Sabit's performance under different circumstances.
Additionally, the study extends to design optimization, seeking to assist in the selection of the
ideal design from a varied range of characteristics. This comprehensive strategy enables a full
assessment of the Sabit Teras Premium's design, concentrating on both its geometry and

performance, with the ultimate goal of boosting harvestingefficiency.
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1.5  Significance of the study

The result of this study will redound to the benefit of harvester and Sabit TerasPremium
user consideringsome proper ways thatplay a vital function in currentmodern days. Optimum
curvature profile concept for this study will be focusing more on sabit's blade design in term
of its attributes. A curved sabit’s blade can better fit to the shape of palmoil bunches, allowing
for easy cuttingwith less force compared to a straight blade. This lowersfatigue and enhances
harvesting efficiency.by recognising these parameters and applying computational modeling
and testing, it can build sabit's blades with curvature profiles that maximize cuttingefficiency

across varied applications.

Both design models of existingand improvementwill be analysed by using linear static,
fatigue, and dynamic analysis. With the right computation of displacementand pressure due to
the static load, linear static analysis emits. The benefit that would be achieved from Linear
Static analysisisthe more prevalentdeflectionof the sabit's blade burdens, which givesthe sabit
additional assistance while harvesting. It is more effective for higher load situations.

Fatigue is one of the methods of analysis where it takestook place due to the continuous
application of pack and should be at a flat surface of the yield point and safety factor, Sf will
be evaluated usingappropriate tools. Fatigue analysis is useful by employing some appropriate
approach for the reliability design of a sabit and fatigue life of sabit. Dynamic analysis of the

sabit's blade design can increase the ability to harvestwith lessenergy.

To ensure the design s valid, Design Efficiency (DE) and Coefficientof Variation (CV)
will be used as standards for this study. The goal of Coefficient of Variation (CV) is to
determine the stability of the improvement design. For the outcome, the larger the value of
Coefficientof Variation (CV), the bigger the value of dispersion. However, Design Efficiency
(DE) measures all approaches to optimize the design so that maximum capacity can be

delivered.
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1.6  Report Organization

Chapter 1 represents the study’s introduction. This report begins by explainingthe
background of the study, problem statement and its objective, the study’s significance, and
report organization. Beginning with the basis of the study will clarify the structure of Sabit
Teras Premium and its blade feature. Moreover, the discussion concerning the problem related
to the previous Sabit Teras Premium will be clearly presented. The significance of the study
continuesinthis chapter wherethe importance of curvature profile forsabitto the customer will

be illustrated.

Chapter 2 cover on the background and facts about the existing Sabit Teras Premium,
features and analysis. Furthermore, the history and variants of sabit contour design will be
discussed in this chapters. This chapter will begins with the definition of sabit's blade and
essential of ideal curvature profile on blade side. The explanation of the concept of curvature
that is placed on sabit's blade contour also will be discussed in this section. The next subtopic
will be followed by the overview of the Sabitand its feature in sabitterminology. Beyond that,
its advantages include maximising the use of sabit in harvesting industry. The materials of the

sabitthatis used willalso briefly explained.

Chapter 3 elaborates method involving the process flow chart and methodology of this
study. This chapter will offer an introduction to the existing Sabit Teras Premium.
Furthermore, the process flow diagram of developing the sabit's blade design for both existing
sabitand improvement sabit design will be discussed in this chapter. Both 2D and 3D design
models will be constructed by using SolidWorks Software and analysis of simulation which is
linear static will be obtained for both design models. The process flow diagram for linear static,
fatigue and dynamic analysis will be discussed in this chapter. For linear static analysis radiates
with the correct calculation of displacement and stress due to thevariations of static load using
Simulation Express on SolidWorks. Hence, for dynamicanalysis, by utilizing Ansys (FLUENT)
software is used to test all concept models by knowing their pressure, velocity and viscosity.
Meanwhile, Newton Interpolation Polynomial is used as a fatigue predictorto estimate the
fatigue life of both design models and this method is utilised for fatigue analysis. During
validation process, Design Efficiency (DE) and Coefficient of Variation (CV)will be applied

for both existingsabitand improvementsabitdesign.
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Chapter 4 describes the findings and result of the Linear Static analysis and Fatigue
analysis. This chapter statesabout the outcomesand the comments based on the resultthat have
been achieved. The Linear Static analysis will be undertaken by utilising Simulation Express
by Solidworks Software to determine the VVon Mises stress and displacement on both existing
and improvement design of sabit models. Besides that, Newton Interpolation method is used
for computing the initial pressure and safety factor value. Then, the design optimization for
both modelswill be calculated. However, design validation process for both design models will
be established by computing the Design Efficiency (DE). The reason for discovering the
conversation will be presented in this chapter.

Chapter 5 presentsdynamic analysis where the design model for both existingsabitand
improved sabit design is analyse by utilising Ansys (FLUENT) software. Ansys (FLUENT)
software appliesto meet the requirement of this study by considering the velocity, viscosity and
pressure in moving mode. Materials that have been picked will review existing design models
as well as enhancements design models. Afterwards, calculated the safety factorto verify the
design was in safety mode. The design validation for both design models will be calculated by
computingthe Coefficientof Variation (CV).

Chapter 6 reveals about the results and recommendation regarding all aspects of the
study. This chapter outlines the conclusionsin which itwould be known atthe end ofthe study
to determine if all of the objectives havebeen encountered. Aninsightwill established on the
study of the curvature based on the outcome of analysis from the previous chapter. The
comparison of existing sabit and improvement sabit design with their respective specification
will be employed as supporting evidence for judging whether or not the aims have b een
attained. In addition, the study relevantto the idea for recommendationwill be recognised based

on the results acquired for future studythrough the technique of analysis.
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CHAPTER 2
LITERATUREREVIEW

2.1  Background
2.11 Palm Oil

Palm oil is a globally predominant edible oil, primarily produced by Indonesia and
Malaysia, which are the top producers (Alamanda, 2023; Urizar, 2022). Palm oil isa widespread
and extremely valuable productutilized in diverse sectors such as food, cosmetics, and biofuel
production (Zahan and Kano, 2018) because rich in phytonutrients and minerals (Achaw and
Danso-Boateng, 2021). Palm oil fulfils 40% of the global requirement for vegetable oil stated
by Syed Hilmi and Ibrahim (2022). Palm oil is a highly widespread and commonly consumed

vegetable oil that is. It servesasa primary substancein several sectors.

Palm oil originates from the pulp of the oil palm fruit known as Elaeis guineensis
(Saleem et al., 2022; Urugo et al., 2021). Sehgal and Sharma (2021) stated that palm oil is
derived from the soft flesh of the palm fruitand contains a high concentration of saturated fatty

acidsand bioactive compounds.
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Figure 2.1: Anatomy of an Palm Oil Tree and Palm QOil Frond (Hamdan etal., 2012)
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2.1.2 Important and Purpose of Palm Oil

Palm oil is a significant edible oil with diverse benefits. It has a high amount of
phytonutrients, including tocotrienols, tocopherols, and carotenoids, which are responsible for
its distinctive nutritional characteristics (Abasubongetal., 2023). Palm oil is renowned for its
stability, makingit ideal forextendingthe shelf life of food (Saleemetal., 2022). Furthermore,
palm oil has been discovered to possess promising health advantages, such as the ability to

preventcardiovascular ilinesses, diabetes, obesity, and cancers noted by Mayes (2020).

In addition, palm oil can be used for formulations made from lipids and drug delivery
systems to enhance the bioavailability, solubility, and stability of medications (Efendy Goon et
al., 2019). Urizar (2022) mentioned the oil palm tree, which is the source of palm oil, is an
exceptionally productivecrop that contributes significantly to global vegetable oil output. In
general, palmoil is essential in nutrition, the food business, and the biodiesel sector, and its use

providesflexibility and advantages in several applications.

2.2 History of Harvesting
2.2.1 Harvesting for PalmOil

The harvesting process of palm oil comprises the cutting down of FFB from the palm
trees (Sunggara etal., 2023). The currentharvestingprocedure generally involves human effort,
which can be labor-intensive and may cause injuries or damage to the FFBs (Chen et al., 2022).
To overcome these challenges, there is a requirement for a separate harvesting system that can
recognise and localize the FFBs (Escallon-Barrios etal., 2022). Harvesting forpalm oil includes
several issues. The timingof the harvestisessential for the quality of theoil. Ripe fruits generate
higher-quality crude palm oil mention by Akbar etal. (2023). Manual picking of oil palm FFBs
can be labor-intensive and may cause injury or damage to the FFBs. Accordingto Akbar etal.
(2023) deal harvest time is till the sixth day after fruit detachment or separated. Alongside that,
the quality of oil palm fruit depends on detachment percentage and plant age. This study done

by estimatingthe time of the harvest cycle and the number of loose fruits.
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Figure 2.2: The Pole Unit for Sickle (Silky Hayauchi 3.7m Telescopic Pole Saw (177-39) -
Forestry Tools, 2024)

Traditionally, sickles have been employed for this function. However, there is a need to
adapt the sickle for enhanced efficiency and productivity in palm oil harvesting. Harvestingoil
palm trees using a sickle can be done in a step-by-step method. The initial stage is to attach a
sickle unitto a pole unit, which can be adjusted to reach differentheights of the tree (Aliuddin
Bakar et al., 2018). The pole unit as shown on Figure 2.2 above is coupled to a reciprocating
means unit, which provides the reciprocating motion needed for harvesting and pruning
(Rahman etal., 2017). That begins with identifying ripe fruits by using the sickle to carefully
cut down ripe palm oil fruits from the palm tree. The curved blade of the sickle enables for
precision cuttingand reduces damage to the fruitbunches. Next, trimmingthe palm frondswith
palm oil sickles. This helps to maintain the health and productivity of the palm trees. Lastly,

collectingthe fruitbunches thatare chopped down and transfer to the processing facility.

2.2.1 Evaluation Tool for Harvesting

Sickle harvesting tools play a key role in agricultural procedures, particularly in the
harvesting of crops such as wheat, rice, and barley. The history of sickle harvesting tools as
shown in Figure 2.3 is an issue that has drawn important interest in the field of archaeology.
The efficacy and reliability of these technologies directly impact the productivity and quality

of the harvest.
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Figure 2.3: Old Sickle for Harvesting (Sickle, 2018)

One of the oldest sources of evidence for the usage of sickle harvesting tools comes
from the Ohalo Il locations in Northern Israel (Nelson etal., 2013) identified composite wheat
harvestingtools, particularly flintblades, atthis location. These tools were used for harvesting
near-ripe semi-green wild wheat. The wear marks on the implements indicate that they were
not used continuously and reflect two harvesting modes which are flint knives held by hand
and inserts hafted in a handle. This finding provides vital insights into grain harvesting
techniques that existed 8,000 years before the Natufian and 12,000 years before the formation

of sedentary farmingcivilizations in the Near East.

While the discovery atthe Ohalo Il camp sheds information on the early use of sickle
harvesting tools, there are still significant knowledge gaps that demand additional inquiry.
Firstly, the particular approaches and methodologies applied in the employment of these
technologies remain unclear. Future studies could focus on experimental archaeology to
reproduce and understand the precise mechanics of sickle harvesting during this historical
period. Additionally, the socio-cultural implications of the development and use of sickle
harvesting equipment are not properly studied. Investigating the impact of these technologies
on the organization of labor, settlement patterns, and food production systems would providea

more thorough understanding of theirrelevance in ancientcultures.

Moreover, the study findings presented above mostly focus on the employment of sickle
harvesting tools in the Near East. There is a need for comparison studies across different
locations to determine the distribution and ad option of these technologies in other parts of the
world. Such study could shed insight into the diffusion of agricultural practices and

technological developments connected to sickle harvesting.
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In outcome, the study findings on the history of sickle harvesting tools reveal the early
employment of composite wheat harvesting tools at the Ohalo 11 site in Northern Israel. These
findings provide insights into wheat harvesting processesthat lead to the formation of sedentary
farming populations. However, there are still research gaps regarding the specific procedures,
socio-cultural ramifications, and global proliferation of sickle harvesting equipment. Future
study should try to address these gaps to better expand our understandingof the history and

significance of sickle harvestingtools.

2.2.1.1 Harvesting in Malaysia

Beyond that, Zahid-Muhamad et al. (2018) investigate the current state of oil palm
harvestingand highlight the transition from manual methodsto more effective and mechanized
approaches. They highlight the relevance of mechanization in enhancing productivity and
loweringmanpower requirements in the palm oil business. Saibanietal. (2015) conducted time
and motion study on hand harvesting methods for oil palm fruit bunches in Malaysia. Their
findings provide insights into the efficiency and usefulness of traditional manual harvesting

procedures.

The traditional methods utilized for harvesting palm oil have been a subject of study in
the literature. Osei-Amponsah et al. (2014) evaluate the handicraft processing industry in
Ghana and examine the institutional changes thathave influencedthe quality of palm oil. Their
study underscores the significance of conventional processing methods and the necessity for
updated processes to boostthe quality of palm oil. Additionally, Zahid-Muhamad etal. (2018)
address the traditional methods of harvesting palm oil and underline the significance of

knowingthese practices in orderto build appropriate mechanized technologies.
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2.3 Evaluationof Sabit

A palm oil sickle is a specifically designed cutting implement utilized for the purpose
of gathering oil palm fruit. VVarious sizes and styles of palm oil sickles are available, enabling
clients to conveniently get this indispensable tool for oil palm harvesting. The sickles are
commonly crafted from premium-grade steel, shaped through forging, subjected to heat
treatment, and meticulously honed by skilled artisans to guarantee a precise cutting edge. The
main purpose of a palm oil sickle is to harvest both mature and young fruit bunches from the
oil palm tree without inflicting any harm to the fruit or the tree itself. An excellentsickle is
crucial for maximizing the profitability of the harvested fruit bunches. a range of palm oil

sickles customized to fulfill the special requirements of oil palm harvesting.

Multiple manufacturers and suppliers offer a variety of palm oil sickles that are
specifically built to satisfy the unique needs of harvesting oil palm. These sickles are
specifically engineered with a contoured blade and a compact grip to facilitate effortless

utilization in the palm oil plantation.

In addition, companies such as Teras Tegap Agrotech Sdn. Bhd. (TTASB) in Malaysia
produce and distribute a comprehensive selection of sickles, chisels, axes, and hooks
specifically designed for the needs of plantations. They prioritize the significance of advanced
performance in the tools used for harvesting oil palm, which is crucial for achieving a good
harvest. Therefore, there is a need to continuously improve and modify sickle harvesting tools
to boosttheir effectiveness andaddress constraints. This literature study attempts to consolidate
existing study findings related to the redesign of sickle harvesting instruments and propose

relevant future study topics.
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2.3.1 Introduction of SabitTeras Premium

Sabit Teras Premium, offered by Teras Tegap Agrotech, is an innovator in agricultural
innovation Figure 2.4. This Sabit Teras Premium elevates the physical challenge with its well-

constructed blade, created for outstanding efficiency and user comfort.

Figure 2.4: Sabit Teras Premium by Teras Tegap Argotech (Sabit Teras Premium Pakej A |
Shopee Malaysia, 2024)

Highly constructed with a particularly curved blade, the Sabit Teras Premium provides
clean, effortless cuts through even the toughest palm fronds and fruit bunches. Its ergonomic
handle enables a comfortable grip, eliminatingtiredness and strain duringextended harvesting
periods. Teras Tegap Agrotech, famous for its commitment to quality and craftsmanship, has
poured itsexpertise into every detail of the Sabit Teras Premium. Investin this quality tooland

experience the difference greatdesign can make palm oil harvesting.

2.3.2 Materialused for Sabit Teras Premium

The comparison of different materials showed thatspringsteel is the bestchoice due to
its structural strength and resistance to breaking undercutting force (Ozturk etal., 2018). The
mostsuitable material forapalm oil sickle is spring steel, as it has the least structural distortion
and can take immense strain without breaking according to (Ramli et al., 2020). Although
aluminum isthe lightest option, itis proneto corrosion (Noordin etal., 2016).Another material,
SUP 9a, hasbeen identifiedas acceptable for sickle blades, with an ultimate hardness of roughly

55HRC (Groman-Yaroslavski etal., 2016). Additionally, a newly created spring sickle pole
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called ZappIt® has been designed employing an aluminum pole. In terms of employing palm
oil fuelash (POFA) as a material, grindingit to a smaller particle size increases its quality and
makes it appropriate as a pozzolanic material for cement substitution (Fullagar et al., 2021).

Overall, springsteeland SUP 9a are the suggested materials for palm oil sickles.

However, Teras Tegap Agrotech selected SUP 9a as its material for their Sabit Teras
Premium. SUP 9a also known as AISI 5160 Alloy Spring Steel has various benefits for the use
of palm oil sickles. Firstly, AISI 5160 Alloy Spring Steel offers excellent resistance to
corrosion, rust, and discoloration, making it suitedfor applications utilizingpalm oilwhich can
be corrosive (Surinlertetal., 2021). Additionally, AISI 5160 Alloy Spring Steel can be hardened
to increase its surface hardness, whichis critical for sickles that needto withstand wear and tear
(Muhammad etal., 2015). Furthermore, spring steel has been observed to have decreased wear
when sliding against cast iron in the presence of palm- biodiesel fuel, showing its good
performance in such situations (Carmona-Hernandez et al., 2020). Lastly, AISI 5160 Alloy
Spring Steel offers strong corrosion resistance and low-temperature hardness, making it
acceptable for usage in H2S-containing conditions, which can be found in palm oil processing

(Carmona-Hernandez etal., 2019).

2.3.3 Structure of Sabit TerasPremium

Sickle classified into two classes which is plain on outer blade and serrated on inside
blade as stated in Figure 2.5 (Corradi and Munar, 2019; Nelson et al., 2013). Blade isthe major metal
section of the sickle and is built in a curved shape. It is make the blade made of AISI 5160
Alloy Spring Steel. Meanwhile, the teeth of serrated sickle made sharp for effectiveness in the
field. But for SabitTeras Premium is plain sickle type without the teeth on the blade as

illustrated in Figure 2.6.

Figure 2.5: Type of Sickle Used for Harvesting (Farm Machinery and Equipment-I1:
LESSONG6. REAPER AND REAPER BINDERS, 2013)
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Next, for the handle of the sickle is generally made of well-seasoned wood but for this
Sabit Teras Premium is built from spring steel that attaches together with the blade as one part.
The two holeson handle of sabitshowncircle on Figure 2.6 is the spots to attach the poleunitor
called Pelanjak Teras as shown on Figure 2.7. The forged end of the blade for fasteningthe
handle is called tang. While, the plain or serrated edge of the inner side of the bladeis called tang.

Also, the plain or serrated edge of the inner side of the blade is termed cuttingedge.

Figure 2.6: Sabit Teras Premium by Teras Tegap Argotech.

1~
Tonghkol Sobil mekorikol

Figure 2.7:Pelajak Teras Produced by Teras Tegas Premium (Pelajak Teras | Shopee
Malaysia, 2024)
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2.4 Sabit Teras Premium’s Blade
2.41 Effectof Curvature

The optimal curvature profile in design has a considerable effect on plenty
of engineering applications. In the case of railway vehicles, an improved wheel profile design
can minimize wear and fatigue in curved parts, enhancing running safety and maintenance
(Song and Choi, 2022).Similarly, an ideal design technique for asymmetric rail head profiles can
decrease wear on curved tracks, boostingthe dynamic performance and fatigue life of railways
(Choietal., 2013).

In the field of aerodynamics, a cascade design method based on curvature optimization
can reduce aerodynamic losses from non-smooth blade profiles. In the context of gear design,
a new design approach usinga free-form curve for the gear tooth profile can reduce bending
stress and increase performance (Bhil and Singh, 2016). Other researcher Kalnahuz etal. describe
a curvature control-based method for optimizing the radial stacking of gas compressor blade
profiles, which enhances flow separation and minimises total pressure loss (Kalnahuz et al.,
2023). Overall, optimizing the curvature profile in design can lead to increased performance,
safety, and durability in many engineering applications. Therefore, curvature on blade of sabit

also importantin orderto increase the rate of harvesting

2.4.2 Important of Curvature of Blade

The curvature of palm oil sickles is essential for effectively harvesting oil palm trees.
The design and study of the sickle curvature can greatly affect the efficiency and productivity
of the harvesting process. This literature study attempts to consolidate and synthesize the
relevant study findings related to the redesign and analysis of the curvature of palm oil sickles.
By evaluating the existing literature, this review will identify knowledge gaps and offer

prospective future study areas.

Mu and Kazerounian demonstrate that altering the curvature of the blades can produce
helpful relationships between input force and output force, resulting to increased cutting
performance (Mu and Kazerounian, 2005). Meanwhile, an ideal matching-basedtechnique for
evaluating blade section line profile features, which can assist detect faults in the blades and
advise additional processingor process optimization (Yangetal., 2015). Method for improving
blade profiles utilising an integrated procedure that permits adjustment of the data through

macro-functions, enabling usersto optimize blade profiles without CAD experience mentioned
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by Lingetal. (2014).

The curve of the blade on a sabit used for palm oil harvesting is absolutely essential.
The form of the blade impacts the cutting process and noise generation. A study indicated that
a sabit's blade havingafalciform construction, narrowing from the legto the head of the blade,
lowers noise generated during cutting (Ramlietal., 2020). Additionally, the design of the blade,
including the frontand rear edges, can effect the flow of fluid and reduce noise. Curved edges
and recesses towards the downstream direction of fluid flow serve to decrease noise (Noordin

etal.,2016). The substance of the sickle blade isalso significant.

2.4.1 Impact of Curvature onShear

The curvature give impacton shear behavioramongmany configurations. In the context
of bridge engineering, the use of narrow networks in springsteel supports affects shear stiffness
and can lead to collapse prior to yielding, thereby sacrificing residual shear strength. In the
analysis of peristaltic flow, the existence of curvatureina pipe leads in velocity profiles thatare
not symmetric about the central line (Shahzadi and Nadeem, 2016). In the study of flame
propagation, it is noted that curvature generally slows down flame speeds by smoothingout
wrinkled flames (Lyu et al., 2018). Additionally, surface viscosity induces shear flows in
incompressible two-dimensional domains when surface curvature changes (Barakat and Squires,
2023).

The curvature of a sabit blade has a crucial impact in shear force during palm oil
harvesting, influencing both cutting efficiency and user comfort. It is because to shear
concentration. The curved contour of the blade operates like a wedge, focussing the delivered
force onto a smaller area at the cutting edge. This concentration of energy providesa shearing
action, cleanly separating the palm fronds and fruit bunches with less overall effort compared
to a straight blade. Compare to a flatknife versusa curved sickle cutthrough paper, the curved
blade will cut cleanly and easier due to the concentrated shear force as mention by (Kalnahuz
etal.,2023).
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Besides that, the ideal curvature profile also can minimised friction. The curve
minimizes the blade's contact area with the substance being sliced. This decreases friction,
which consumesenergy and dullsthe blade. Less friction equates to smoother, cleaner cuts and
a sharper blade for a longer duration, decreasing the need for frequent sharpening. A well-

designed curve ensures the appropriate angle for efficientshearing.

In conclusion,the curvatureof asickle blade directly effects the shearingmotion during
palmoil harvesting. By understandingitsrole in force concentration, friction reduction, cutting
angle optimization, and ergonomic design, engineers and designers can develop blades that
deliver both efficient cutting and user comfort, contributing to improved productivity and

workerwell-beingin the palm oil industry.

2.5 Summary

Previous study reveals shortcomings in the Sabit Teras Premium that limit comfort and
effectiveness. Due to its poor curvature, it requires additional labour. Furthermore, the lack of

thorough failure pointand stress distribution assessments raisessafety issues.

A unique redesign and analytical technique is suggested to deal with these problems.
Curvature optimization uses cutting-edge techniques to find the bestshape for lowest effort and
maximum cutting efficiency. Increased tool life can be achieved by investigating substitute
materials with better wear resistance and edge retention. Behavioural information and feedback
are used to improve blade design, which aims to reduce fatigue and injury hazards. Finally,
fatigue and stress analysis will identify possible places of failure, guiding changes to the design

to increase safety.

There is a lot of promise in this guided by data and strategy. The revised Sabit Teras
Premium has the potential to completely transform the palm oil harvesting business by
increasingworkerwell-being, efficiency, and safety through the optimisation of curvature and

ergonomic design thatimproves user experience, and stress analysis that prioritizes safety.
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CHAPTER 3

METHODOLOGY

This Chapter 3 shows the type of approach used for the study where it discusses the
existing sabit design and improvement sabit design in terms of their blade curvature. In this
chapter, there are two categories of methodologies which is the method of research and the
method of analysis. Forthe method of research, each approach will providedwith a processflow
diagram where that will clarify every step that is employedin the technique. For the
method of analysis, the approach discusses the analysis such as linear static, fatigue, and

dynamic. This chapter starts by explainingthe method of research in the nextpart.

3.1 Method of Research

The research scope for this study will be covered with the assiduity of existing sabit
and improvement sabit design. In this study, Sabit Teras Premium is chosen as existing design
while new curvature on blade is chosen asimprovement sabitdesign since it consistofoptimum
curvature profile design forthe study. The design modellingprocessfor both sabit will be done
by using SolidWorks Software where it is applicable for both 2D and 3D design models by
usingthe available capabilities from the software.
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Figure 3.1: The overview of a completed process flow diagram for the study

Figure 3.1 illustrates an in-depth flow chart in this study for both design approaches.
This study field will be started with the determination of Sabit Teras Premium as the existing
design and new curvature on blade as an improvement sabitdesign. Itis picked asit satisfies the
fulfilment of the sabit's blade design for this project. Then, it will continue with the design
modelling process via adopt technique reverse engineering to get existing 3D modelling of
SabitTeras Premium by starting with capture aclearand decent image of SabitTeras Premium.
By utilizing SolidWorks Software such as spline, line, extrude and other characteristics are

picked as the appropriate software for the construction of 2D and 3D design models.

Following that, analysis design will represent the followingphase of study where design
analysis consists of linear static, fatigue and dynamic analysis for both design models. For
linear static analysis, Simulation Express by SolidWorks Software and Newton Interpolation
Polynomial are employed as methods for evaluating the Von Mises Stress, displacement, and
initial load for both design models. Determination of fatigue is one of the statistical procedures
in which it arises due to the continuous application of the load and should be at an un-elevated

yield point state. The examination is related to the safety factor (Sf) for
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both design different kinds of existing design and improvement design studied throughout

fatigue analysis.

Furthermore, for dynamic analysis is implemented the ANSY'S Fluid Flow (FLUENT)
module, to simulate all theory simulations by using Computational Fluid Dynamics (CFD)
program. Therefore, this study describesthe distribution of velocity, pressure and viscosity for
existing and improvement design. CFD Analysis is done in three phases, which are pre-
processing, processing and post processing. CFD also creates quantitative predictions of fluid-
flow phenomenabased onconservationrules like mass, momentum, and energy regulating fluid
motion. The findings can be evaluated numerically as well as graphically when the problem is
solved.

As aresult, the study will be continued with the validation process for both existingand
improvement model designs. Upon applying Coefficient of Variation (CV) and Design
Efficiency (DE). The purpose of Coefficient of Variation (CV) is to determine the stability of
the improvement plan. However, Design Efficiency (DE) measures all ef forts to optimize the
design so that maximum capacity can be delivered.

3.11  Sabit’s Blade Design

The sabit’s blade in palm oil harvesting tools typically refers to the curved metal
componentof the tool attached to a shortwooden handle, used to cutthe oil palm fruitbunches.
This curvature playsan essential function in cuttingefficiency, allowing for smoother cuts with
less force required compared to a straight blade. Beyond that, some curvature helps for better

controland less difficult positioningwhen cuttingaround the fruitbunches.

The curved profile of the blade operates similarly to a wedge, focussing the delivered
force onto a smaller area at the cutting edge. This concentration of energy provides a shearing
action, cleanly separatingthe palm fronds andfruit bunches with less overall effort compared
to a straight blade. The curved blade will cut cleanly and more easily due to the concentrated

shear force compared to flatknife
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3.1.1.1 Existing Design

Sabit Teras Premium is chosen as existing sabit design as shown in Figure 3.2.
According to the manufacturer, the Sabit Teras Premium offers advantages such as increased
cutting efficiency owing to its enhanced blade design. Addition, Sabit Teras Premium has high
wear resistance and reduced fatigue and injury risk. in the meantime, someusers remark that
the present blade might not be appropriate for all palm kinds or harvesting conditions due to its

curvature on the blade.

Figure 3.2:2D Image of Sabit Teras Premium

The initial step of creatinga 2D sketch is design modellingusing SolidWorks software for both
2D and 3D designs. SolidWorks is an engineering software programme for computer -aided
design (CAD) that makes it potential to create 3D parts from 2D sketches. The existing Sabit
Teras Premium models' design modelling begins with 2D design modelling and, finishes with
extrude to 3D design modelling using SolidWorks software by utilizing reverse engineering

technique
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Figure 3.3: The process flow diagram of 2D and 3D design models for
Existing Design

Inthe beginning, the design processas shown in Figure 3.3 is started by selectinga proper
picture of Sabit Teras Premium. Transform the 2D image into a 3D model within SolidWorks
with AutoTrace. Begin by importa high-resolution image of Sabit Teras Premiumand position
it. Following by adjusting AutoTrace's Image Brightness, Image Contrast and Tolerance
parameters for exact edge capture and desired sharpness of Sabit Teras Premium asshown

below on Figure 3.4.
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v

Figure 3.4: AutoTrace's Feature in SolidWorks

After tracing the picture, evaluate the curves for accuracy, then use editing tools Split
and Trim to improve the shape to make sure the line matches with the line on the image of
sabit. Sketch of sabit as shown in Figure 3.5 and Figure 3.6. In order to conclude the 2D
sketching, delete all irrelevant and become barriers to the sketching by utilizing ‘Quick Trim’
entities. Next, click the ‘Exit drawing’ to Extrude or Pad the traced drawing to construct 3D
features with the thickness of sabit which is 5mm, adding details like fillets and holes with
extracommands. The final 3D sketch as stated in Figure 3.7. Enhance realism with surfaces,
materials, and simplicity for optimized analysis or fabrication. Take all the configurations that
arerequired in 2D drawingand click ‘OK’ to finalize 3D design model. Consideringthatimage
quality and manual changes are crucial, and investigatingcomplex plugins could further refine

the 3D model creation method.

Figure 3.5: 2D Sketch of Existing Design using AutoTrace Features
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Figure 3.6: 2D Sketch of Existing Design.

Figure 3.7:3D Sketch of Existing Design

3.1.1.2 Improvement Design

This improvement design involves redesigning the existing blade curvature and replacing
it with a new, better curvature profile to enhance sabit’s blade performance, indicating an effort
to improve the blade's design. The optimum curvature profile can assist eliminate drag and
increase the overall efficiency by maintaininga continuous and streamlined flow of air. Figure

3.8 reviews the process flow diagram of 2D and 3D design models for improvement design.
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Figure 3.8:Flow Diagram of 2D and 3D Design Models for Improvement Design.

Create a new blade's curvature precisely in SolidWorks. Starting by taking a previous
sketch of an existing sabit 2D drawing then outlining with smooth splines, and referencing
precise lines. Then, trim the curves with Simplify Spline, altering tolerance and selecting
"Smooth" for smoothness and precision. The next step is to construct a surface to sketch using
a Lofted Surface andensure in appropriate curvature. Thus, to checkthe new curve design, use
Curvature Combs, and employ this information to adjust splines or surface settings for a
curvature masterpiece. Finally, click the ‘Exit drawing’ to Extrude or Pad the traced drawing
to construct 3D features with a thickness of sabit of 5 mm as shown in Figure 3.9. However,
improved the curvature through Simplify Spline and surface changes until sabit's blade goes

with smooth efficiency.

42



Figure 3.9:3D Sketch of Improvement Design

Below show the Figure 3.10 of the sketch of existing and improvement design with
curvature comb to indicated the level of curvature. Curvature combs show a set of lines
stretching away from the drawing entity. The length of these lines reflects the degree of
curvature at that particular position. Longer lines show areas with higher curvature, whereas
shorter lines denote flatter sections.

(a) (b)

Figure 3.10: Sketch of (a) existing and (b) improvement sketch with curvature comb

The curvature comb study shows a significant improvement in the new Sabit Teras
Premium. Compared to the previous design, the revised version has shorter curvature combs
acrossthe blade. This demonstrates a more constantand optimised curvature profile. Furthermore,
the curve combs on the revised design differ noticeably in important regions such as the blade's
tip and base. In these places, the new design exhibits shorter combs, implying a smoother
transition and perhaps reduced stress concentration spots compared to the longer combs present
in the current design.

Meanwhile, the colour coding on Figure 3.11 helps visualise the relative curvature over a
surface, allowing to clearly identify areas of high curvature which sharp corners asred colour and
low curvature is a flat surface as black colour. As can see on Figure 3.11 shown, existing design
had flat surface compare to improvement design since it shown less black colours.
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Figure 3.11: The indicator of curvature on SolidWorks

@ " (b)
Figure 3.12: Sketch of (a) existing and (b) improvement sketch with
curvature colour indicator.
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3.2  Method of Analysis

On this subtopic explains how to examine at the curvature of sabit's blade. Three different
forms of analysis will be covered in order to examine both profile designs which is Linear
static, fatigue, and dynamic analysis. To specify the displacementand VVon Mises Stress values
for both models in Linear Static and fatigue analysis, the Simulation Express package by
SolidWorks will be applied. Furthermore, the curvature of sabit's blade has been examined for
dynamic analysis usingthe ANSY SFluid Flow (FLUENT) software.

3.2.1 Linear Static Analysis

Linear static analysisis a techniqgue employedin engineeringand science to forecast the
response of a structure or system when subjected to fixed state or no movement. The basis of
this is that the correlation between the applied load and the resulting deformation follows a
linear deformation, and the material properties in the system remain uniform (Alan, 2017). This
indicates that the deformation of the system will be directly proportional to the applied load,
and that the system will revert to its original shape once the load is removed. Figure 3.13 will

shown the process flow diagram of Linear static analysis.

Linear static analysis is suitable for structures that encounter slight deformations. This
makes it an excellent option for evaluating structures like Sabit. For this study, theapplications
of SOLIDWORK Simulation Xpress Software are applied for determining stress and

displacementforeachdesign in linear static analysis.
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Figure 3.13: The process flow diagram of Linear Static Analysis Using SOLIDWORK
Software
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Performing a static linear analysis of a sabit using SolidWorks Simulation Xpress.
Starting with Model Preparation by importingthe 3D CAD model of the sabit into SolidWorks.
Then, assign the required material characteristics to the sabit's blade in the Material Property
Editor. Select suitable materials for the actual sabit which is material spring steel is been
chosen. Nextstep is Generate amesh on the sickle. Use a mesh size appropriatefor the analysis.
A finer mesh delivers more precise results but takes longer to solve. Tetrahedral elements are
also known as TET10 is been employed since it contains 10 nodes and also a high- grade
element (Glenn, 2018). Then, define fixed supports that describe how the sickle is held during
use. Also, specify loading by applying forces or pressures matching average loads experienced
by the sickle during harvest. This representan intensive forcesimulating cutting through apalm

frond.

Afterwards continue to analysis setup by selecting a static analysis solution type and
then run the analysis by click on "Run" to start the analysis. The solution will calculate the
response of the sickle structure to the applied loads and boundary conditions. Lastly, visualize
the findings for displacement, and VVon Mises stress on the sickle model will presented using
colorchartsand deformation animations.

To evaluate the Factor of Safety (Sf) between the two models, the outcome of the
Linear Analysis will also be elevated. A structural application that offers conceptual design
capacity with a design margin incorporates a factor of safety. Accordingto (Donald, 2003),

usingsafety factors improperly typically results in material waste or even productfailure.

Owunna (2016) states that the Von Mises Stress and the material's Yield Strength can
be compared to determine the factor of safety. Consequently, itis possible to forecast the failure
mode in which both model conditions fail by using the outcome of Sf. Equation 3.2 illustrates
the three categories of inequalities into which Sf can be divided with formulaof Sfillustrates

in Equation 3.1

Yield Strengthof Material
MaximumVon Mises Stress

Factor of Safety ,Sf =

(3.1)

Si=1; Spl Si<1; (3.2)

47



As a result, category 1 indicates that the stress is at an acceptable level, whereas
category 2 clarified thata factor of safety of lessthan 1 indicatesa higher likelihood of failure.
Nevertheless, a factor of safety greater than one indicates the extentto which the stress is inside

the permitted bound.

3.2.2 Fatigue Analysis

Fatigue analysisisasort of engineeringanalysisthat predicts howa material or structure
will behave to repeated loading and unloading, often known as load cycles. Accordingto
Govindjee (2001), comprehending the fracture and fatigue behaviors of the sabit's blade is
essential to enhancing durability and estimating the lifetime of the design model. It's different
from static analysis, which focuses on how a structure operates under a single load. It's vital for
creating and optimizing items that need to be strong and reliable, especially those subjectedto

frequentstress or vibration.

Fatigue Analysis involves fatigue failure where it arises when a material suffers
repeated stress cycles that weaken it gradually, eventually leading to a crack and full
breakdown. Moreover, fatigue analysis also involves the repetitive applications and removals
of force on a material. They can be caused by things including vibration, wind, or pressure
fluctuations. Fatigue analysis can be used to assess the Sf study for both design models.
Accordingto Klein (2012), Sf can be shown in a linear interpolation polynomial in Equation

3.3 with Equation 3.4,

fx) =ao+ ai(x — xo0)

(3.3)
Sf=1();
ao = f(xo) ;
a1 = f(xo0,x1);
ai= ffox)= xxll__xoxo
1
(3.4)
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For this study, the SOLIDWORK Simulation Xpress Software are applied for
calculating safety factor for all design to know its maximum loading to prevent unexpected
failuresand ensuresthe long-term durability ofthe sabit.

Fatizue Analysis

v

Newton Interpolation

v

Optimization ]

-

188y

Figure 3.14: The process flowdiagram of fatigue analysis

After the simulation is done, avalue of Sf has been collected. The failure mode occurs
when Sf = 1 is used on both design models to identify the initial pressure, P. Both design
models will be investigated the amount of fatigue by applying the fatigue prediction equation
based on Newton Interpolation Polynomial. The fatigue analysis will be done by using the
Newton Interpolation Polynomial method. Figure 3.14 displays the process flow diagram of

fatigue analysis using Newton Interpolation Method.
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3.2.3 Dynamic Analysis

Dynamic analysis is the process of studying and assessing the behavior of a structure
or system under dynamic loads or under movement, which are forces thatvary over time. This
is in opposition to static analysis, which only evaluates the equilibrium of forces at a single
pointin time. Dynamic analysis is a powerful tool that may be used to improve the security,

performance, and reliability of product.

Dynamic analysis is an important technique for engineers and designers who are
working on structures or systems that will be subjected to dynamic loads. For this study,
the Ansys FLUENT Software is applied to evaluate structure and material for both existing and
improvement design to know its velocity, pressure and viscosity of the sabitunder varied

loading circumstance.
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Figure 3.15:Process flow diagram of dynamic analysis usingANSYS FLUENT
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While ANSYS Fluent is mainly used for fluid dynamics simulations, it could get
integrated with ANSYS FLUENT to do structural dynamic analysis of the sabit. Starting by
importingthe 3D geometry of the Sabit's blade into ANSYSFLUENT. Then, generate a mesh
on the blade. Mesh refining is importantin places of high stress concentration. Meshing the
finite volume which isalso known as mesh creation. Accordingto Simon (2018), Finite volume
Method (FVM) can be based on structured or unstructured. Accordingly, it is suited for

irregular and complex geometries.

The next phase is to define the material properties of the sabit, including Young's
modulus, Poisson's ratio, density, and damping coefficient. Eventually can proceed with
defining loading and boundary conditions by applying representative dynamic loading
conditions that simulate the forces experienced by the sabit during palm oil harvesting. This
employ dynamic forces simulating cutting motions and vibrations. Set appropriate boundary

conditions for the analysis, such as fixed supports for the symmetry planes where relevant.

Following that, setup the solver is commonly used to define thecontact between the
blade and any other objects it might interact with during cutting. Also, setup the contact
properties to define the contact material qualities and friction coefficients. Then, click "Run"
to calculate the pressure, velocity and viscosity in the blade over time under the applied

dynamic loading.

Hence, the findings of displacement, velocity, and acceleration will visualize the
animations of the sabit blade's movement during the analysis. Analyze the maximum
displacement, velocity, and acceleration experienced by different regions of the blade. Results
for pressure and viscosity where is contact between the blade and other objects, assess the
contact pressure andviscosity distribution to understandthe interactionforces will exhibit.

By examining the structural response, it can acquire significant insights into the
stresses, deformations, and dynamic behavior of the blade under actual loading conditions,

helpingto optimize its design for safe and efficientuse in palm oil harvesting.
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CHAPTER 4

LINEARSTATIC

ANALYSIS

For this chapter will reveal the results of the Linear Static and Fatigue Analyses for both
existing design and improvement design for Sabit Teras Premium models. In the case of Linear
Static analysis, Simulation Xpress by SolidWorks is the concerned program that helps identify
stress, and displacement appropriations in the model. This section will also contain aspects of the
meshing procedure setting, the boundary condition, and the determination of the material used in
the model. Furthermore, the output from the analysis will be applied in the safety factor. Using
Newton Polynomial Interpolation, the fatigue analysis between the models will also be predicted.
Finally, the design efficiency for both design models will be calculated as the end results.

4.1 Linear Static Analysis

Linear Static Analysis is essential for structural engineering and computer science. Static
analysis, on the other hand as claimed by Grementieri et al. (2022) is noted that in structural
engineering for determining the stability of structures by solving dense linear equations that are

obtained through the finite element approach.

Linear static analysis can be used to computationally predicted how a structure will respond
to constant loads. It is fundamentally an engineering technique for determining how a structure
might bend or deform under constant pressure. The relationship between applied forces and
subsequent displacements. Static analysis brings into consideration loads that remain unchanged

over time. It indicates a moment of the structure that is frozen under constant stress.
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In general, greater force will cause correspondingly greater bending or deformation, and
oppositely. This is presuming the material stays within its elastic range, which is the range in
which it reverts to its original shape when the load is removed. Since it is simpler and faster to
compute than more complex methods. It's widely used to calculate the original design or to geta

sense of how a structure will behave under basic loading conditions.

One effective method for simulating the mechanical behaviour of structures and systems
is Finite Element Method (FEM) as mentioned by Quyen etal. (2022) isto aidingto determine
behaviour and stability under varied loads. It operates by breakinga complex geometry up into
smaller, more manageable components for handling complex engineering problems

encompassing a range of phenomena, such as fluid flow, heat transport, and structural analysis.

Urdea (2018) further wrote that FEM is used to forecast the stresses and deformations that a
structure will experience when it is subjected to static loads, or loads that remain constant across
time. FEM is a versatile and efficient numerical technique that analyses complicated structures in
a variety of engineering fields, as demonstrated by Srivinas etal. (2010). The general behaviour

of the structure is then represented by connecting these pieces through mathematical relationships.

Eugenio (2010) highlights that FEM is a crucial technique for determining the stresses
and displacements in a system that is composed of loads. This study will apply different pressure
values to the existing and improvement design of Sabit Teras Premium models. The particular
pressure or boundary condition indicates variations in the applied pressure. According to Lian et
al. (2010), the time of solution fora given boundary conditionisasmall fraction, and the direction

of solution efficiency is provided by the various pressures.

This study applies pressure on the surface of the inner curvature of Sabit Teras Premium
for both existing and improvement design in order to evaluate the Linear Static analysis. Hence,
Von Mises is the manifestation of the pressure load effect. For both designs, deformation and
stress along the surface of the models will result in displacement. In addition, in order to optimise

design and reach the safety factor result, the pressure would then be increased.
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4.1.1 Material Properties

In engineering analysis, particularly when using FEA, including material properties is
great essential for accurate results simulate real-world scenarios. The properties of a material
determine its response to stressand strain. The FEA programme will produce unreliable results if
the properties are not entered correctly, since it will base its calculations on incorrect results that

are not valid to be used.

The material thatbeen employed in this simulation for both design for Sabit Teras Premium
is SUP 9a Spring Steel also known as AISI 5160 Alloy Spring Steel, is a high carbon and
chromium alloy with 0.6% carbon content, 0.9% chromium content and 1% manganese content.
In the following Table 4.1, the Sabit's material properties using finite element analysis (FEA)
software willbe covered in more detail. This includes Young's modulus, Poisson's ratio, and yield

strength, the materials' specifics

Table 4.1: The material properties of AISI 5106 Alloy Spring Steel

TYPE OF AIS1 5160 ALLOY SPRING STEEL

PROPERTIES VALUE UNITS
Elastic Modulus 20x 10%° N/m?
Poisson’sRatio 0.29 N/A
Shear Modulus 80x 10° N/m?
Mass Density 7850 kg/m?
Tensile Strength 12.25x 108 N/m?
Yield Strength 10.80x108 N/m?

Thermal Conductivity 466 W/mK
Specific Heat 475 Jkg.K

54



4.1.2 Meshing process

Meshing is a basic engineering analysis technique in which an object's geometric space is
segmented into nodes that accurately represent its physical shape which include 2D and 3D
shapes. Accordingto Yulianti etal. (2022), the level of accuracy of the analysis results is directly
related to the mesh quality; finer meshes yield more accurate results but need more processing
power. Different meshing techniques, including morphing, moving, and overset mesh, are used
to optimise simulations in various engineering applications, guaranteeing the accuracy and
effectiveness of the analytical process. Cardoso & Botello (2016)claimed that meshing is critical in
many different disciplines of research because it helps forecast mechanical transmissions, fluid

dynamics, heat transport, and stress levels in engineering systems.

Meshing is the technique of breakingdown a large objectfroma CAD model into smaller,
more manageable parts known aselements in engineering simulations. These components, which
come in the shapes of hexahedrons, quads, tetrahedrons, and triangles, combine to make a mesh
that closely resembles the original geometry.

As mentioned by Cardoso & Botello (2016) for accurate results, Finite Element (FE)
analysis frequently needs fine meshing. Since meshing causes computational bottlenecks,
complicated problems require effective parallel-meshing techniques. According to
Krishnamurthy (2023), however, meshing is essential in flow forming simulations because of the
small contact areas and non-monotonic loading. The choice of mesh type and refinement
techniques has a big impact on the computing efficiency and sensitivity of the results. The finite
element approach emphasises the significance of high-quality meshes for precise and effective
simulations by usingdiscretization through meshingto solve problemsin a variety of engineering
domains (Lock etal., 2023).

As stated by Meon (2023), the quality of the FEA results is affected by many meshing
procedures, including mesh structure, element kinds, and mesh size. The capacity to forecast
structural responses, failure onset, and propagation is impacted by the meshing technology
selection. Gasiorowski(2022) highlighted thatby choosingthe right mesh structure and numerical
parameters, one can improve the accuracy of the numerical solution. These factors have a
substantial impact on the numerical solution's accuracy. Mesh coarsening or refining is required
to balance accuracy and solving time, and a high-quality finite element mesh is crucial for
producing accurate and dependable FEA results. Furthermore, according to research conducted

by Damiansetal. (2022), in optimisation design processes, applyinga movingmeshingalgorithm
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with adaptive size functions can guarantee high-quality meshes, expedite integration, and save
time.

Pradaet al. (2018) states that nodes and elements are essential to meshing in engineering
analysis. Elements are geometric forms that divide the domain for analysis, whereas nodes are
sites where the values of the field variable are defined. A finer mesh that has more elements will
be more accurate representation the geometry and material properties meanwhile helps the
simulation software programme faster and saving processing time. In terms of stresses, strains,
and other engineering quantities of importance, this produces more accurate findings. Because of
its compatibility, Perumal & Mon (2013) claimed that triangular elements are frequently employed
for meshing irregular boundaries. However, this can increase computation time because a high
number of elements may be needed for an appropriate representation.

Aigerman et al. (2022) believes that in order to ensure the accuracy of finite element
analysis, Jacobian point meshing entails evaluating the determinants of the Jacobian matrices in
order to confirm the validity and quality of mesh elements. These are precise locations within an
element where the computation of the Jacobian value takes place. They aid in evaluating the
element quality as a whole. Because there are fewer Jacobian points, the software concentrates
on the element's crucial spots. This offers a more effective means of detecting possible distortion
problems for an optimal trade-off between accuracy and efficiency. Achieving an accurate
analysis primarily involves making sure the Jacobian values are near 1. An element with a value

of 1 is effectively formed, therefore 4 points for Jacobian Pointas shown on Table 4.2.

Table 4.2: The detail of mesh for existing and improvement designs

MESH DETAILS EXISTING DESIGN IMPROVEMENT
DESIGN
Mesh Type Solid Mesh Solid Mesh
Mesher Used Blended Curvature Blended Curvature
Based Mesh Based Mesh
Jacobian Point 4 points 4 points
Maximum Elementsize 0.00478551 m 0.00478613 m
Maximum Aspect Ratio 3.1258 3.0509
Mesh Quality High High
Total Elements 13992 12321
Total Nodes 24804 22153
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The meshing concentrates on both existing and improvement design of Sabit Teras
Premium. Analysis will be done on the structural characteristics that are included in the meshing
processforboth models. The applied load variations will force the mesh to overcome the reaction.
By utilising SolidWork Xpress Simulation to combine the solid mesh group in design models.

Figure 4.1 displays the mesh details for both design models.

(a) (b)

Figure 4.1: The meshing process for both (a) existing and (b) improvement design
models.

4.1.3 Boundary Condition

Boundary conditions and loading conditions are both essential in linear static analysis for
characterisingthe behaviour of astructure, buteach serves different functions. The following part
will provide a thorough explanation of the boundary and loading condition specifics for both

models.

Within the context of engineering analysis, boundary conditions refer to the limitations
enforced on asystem, which specify itsactionsatits boundaries or points of interaction with other
systems. In essence, boundaries limit a particular point or surface's degrees of freedom on the
model. Physical barriers such as walls, free surfaces, inlets and outlets, which required an
exclusive modelling strategy and method of handling. Additionally, boundary conditions
also influencing and regulating how the load is distributed through the structure. It is had an
impact on the model's total deformation and stiffness. Meanwhile, Lee (2022) points out that
boundary conditions are important in figuring out how stress and strain are distributed within a

structure.
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For this study, boundary condition for both design of Sabit Teras Premium is on handle
part since it is not moving as the structure is in static form. This identical to the actual situation
in where a harvester is pruning the palm fronds using Sabit. Fixed support prevents the design

model from movingand eternally stable. The green-colored arrow shown fixed boundary for both
design models in Figure 4.2.

Figure 4.2: Boundary condition with the green colour arrow for both design

models.

4.1.4 Loading Condition

In contrast, loading conditions refer to the outside forces or displacements that impact a
system, affecting its deformation and responsiveness. As Zuo et al. (2021) mentioned, these
criteria are necessary to simulate how structures behave in real life under different load systems,
including bending and torsion modes. Barino et al. (2021) stated that the loading condition are
reflected displacements and outside forces operating on the model structure. To evaluate its
behaviour and performance, it is essential to consider the types of forces that may be acting upon
it such as moments torsion, pressure, or concentrated loads. Loading condition influence the

stresses and displacement in the model as it establish the structure's internal forces and responses
to external factors.
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For this study, the loading condition, pressure, is applied to the inner blade part on the
Sabit's curve for both design to simulate the cutting action. The target area for harvesting is
selected based on the standard frond size and positioned in the central region of the blade. As the
palm fronds have been cut with the direction face down, or in reverse, that region represents the
area effect. This occurswhen it's crucial to regulate the pressure the sabit applies when it cuts the
palm fronds. The sabit deformed as a result of pressure applied to the inner blade shape. As seen

in Figure 4.3, the red-colored arrow shown loading condition for both design models.

Figure 4.3: Loading condition with the red colour arrow for both design models.

In order to ensure the structural integrity and mechanical performance of the analysis
system, reliable finite element modelling requires the proper definition of both boundary and
loading conditions. Furthermore, Khalyavkin et al. (2020) note that boundary conditions have
significant effects on the overall design, safety, and efficiency of engineering structures,

highlighting the significance of giving them serious thought during the analysis and simulation
phases.
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4.2 Result

This section will provide and elaborated the results of linear static analysis for both designs.
This includesthe results of the stress, displacement, and safety factors obtained by the SolidWork
Xpress software simulation. This section will also discuss whether the consequence of improved

design is better or worse.

4.2.1 Stressand Displacement Distribution

Stated by Bagathi et al. (2022), stress is a crucial factor in engineering analysis's linear
static analysis, which assumes that materials behave elastically and that there is a linear
relationship between applied loads and structural reaction. In static linear analysis, the lower or
higher stress levels determine by the situations and specific factors involved such as applied loads
and structural geometry. In general, lower stress levels are preferable because these factors reflect
a decreased chance of material yielding or fracture-related structural failure. Mild stress
concentration, however, may be appropriate if the design takes fatigue loads into accountbecause

these loads are usually smaller than other high loads.

In order to analyse structures under various load scenarios, stress is estimated using a variety of
techniques, including the superposition principle, the finite element method (FEM). As noted by
Y. Lee & Guo (2012)in her research, stress concentrations which are frequently found at cutouts or
openings in structures that are particularly significant because they can cause fatigue crack
initiation and propagation, requiring a thorough investigation to assure structural safety,

particularly in complex systems.

As a result, for this study, both designs were simulated with varying pressure values
ranging from 1.0 MPa to 3.0 MPa to evaluate the stress. To guarantee structural integrity and
safety, stress levels mustbe balanced depending on the unique needs and limitations of the design.
Below is a Figure 4.4 is the results of the stress for both the existing design and improvement

design on Sabit Teras Premium with pressure 1.5 MPa.
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(b)

Figure 4.4: The results of Von Mises stress for (a) existing and (b)

improvement design models at 1.5 MPa pressure applied.

Meanwhile, for displacement in engineering analysis, specifically linear static analysis,
refers to a structure’'s movement or shift caused by external loads such as seismic forces. Ma et
al. (2023) mentions that the displacement coefficient method is tested for accuracy and plays an
important role in measuring the strength of structures. In linear static analysis, less displacement
can be considered preferable for analysis accuracy. Linear static analysis implies minor

displacements, which are typically specified as less than 0.2% of the model's entire length.

This assumption confirms the linearity of the analysis. Displacement data are critical in
linear static analysis, and it's vital to precisely quantify displacements for the most accurate
interpretation of the structural behaviour. As said by Al-Qudah & Yang (2023), larger
displacements can cause a significant change in stiffness, compromising a structure's capacity to
withstand loads and can be dangerous for structural stability. As a result, in linear static analysis,
smaller displacements are preferred for maintaining the linearity of the load-displacement
relationship. As the result, the displacement simulations for the two design models at an input
pressure of 1.5 MPA are shown in Figure 4.5.
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Figure 4.5: The results of Displacement for (a) existing and (b)

improvement design models at 1.5 MPa pressure applied.

The correlation between displacement and stress depends on the characteristics of the
material and the particular loading circumstances affect. Nonetheless, for linear elastic materials,
as stated by Zhang et al. (2012) Hooke's Law governs a proportionate connection in numerous
cases within the specified range. This implies, as the displacement of the material grows in
parallel with the applied load. This causes the material's internal stress to increase along.
According to the Table 4.3, the improved design probably suffers less displacement under
pressure in addition to less stress. According to this, the improvement design is stronger
to withstands internal forces better and stiffer to resists deformation more than the existing

design.
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Table 4.3: The result of Von Mises Stress and displacement data for existing

and improvement designs

PRESSURE EXISTING DESIGN IMPROVEMENT DESIGN

NO. (MPa) VonMises | Displacement | VonMises | Displacement
Stress (MPa) (mm) Stress (MPa) (mm)
1 1.0 4.424e+08 1.878 4.028e+08 1.933
2 1.1 4.866e+08 2.066 4.430e+08 2.126
3 1.2 5.308e+08 2.253 4.833e+08 2.320
4 1.3 5.751e+08 2.441 5.236e+08 2.513
5 1.4 6.193e+08 2.629 5.639e+08 2.706
6 15 6.636e+08 2.817 6.041e+08 2.900
7 1.6 7.078e+08 3.004 6.444e+08 3.093
8 1.7 7.520e+08 3.192 6.847e+08 3.286
9 1.8 7.963e+08 3.380 7.250e+08 3.479
10 1.9 8.405e+08 3.568 7.652e+08 3.673
11 2.0 8.847e+08 3.755 8.055e+08 3.866
12 2.1 9.290e+08 3.943 8.458e+08 4.059
13 2.2 9.732e+08 4131 8.861e+08 4.253
14 2.3 1.017e+09 4.319 9.264e+08 4.446
15 2.4 1.062e+09 4.507 9.666e+08 4.639
16 2.5 1.105e+09 4.694 1.007e+09 4.833
17 2.6 1.150e+09 4.882 1.047e+09 5.026
18 2.7 1.194e+09 5.070 1.087e+09 5.219
19 2.8 1.239e+09 5.258 1.128e+09 5.413
20 2.9 1.238e+09 5.445 1.168e+09 5.606
21 3.0 1.327e+09 5.633 1.208e+09 5.799

lower stress results for an improved design compared to an existing design in a linear static
analysis. This generally suggests that the improved design is more capable of supporting the
applied loads. Reduced stress indicates that there is less force applied to the material per unit area
in the improvement design. This is advantageous since it lowers the possibility of fatigue,
distortion, and material failure. In general, an improvement is considered successful if it reduces

stress outcomes while remaining adhering to other design requirements.
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As can be observed from the Table 4.3, at all pressure levels, the improved design
generally experiences lower Von Mises stress and lower displacement when compared to the
existing design. For instance, the improvement design has a Von Mises stress of 4.028e+08 MPa
and a displacement of 1.933 mm at 1.0 MPa, compared to the existing design's 4.424e+08 MPa
and 1.878 mm. The enhanced design seems to be more resilient to stress and deformation than
the existing design. This indicates that there is probably a larger margin of safety before failure

for the upgraded design when handling the applied loads.

4.2.2 Safety Factor

Based on Hassan et al. (2023), the safety factor is a crucial concept that indicates the
amount of the maximum stress that a system may tolerate to the real or permissible stress that it
encounterswhile operating. This factor isimportantin numerous fields, including as geotechnical
engineering, where upper-bound approaches and optimisation techniques are used to anticipate
failure structures and safety factors (Nguyen, 2020). Safety considerations are also important in
safety-critical systems engineering, Wei etal. (2022) claimed, automated safety analysis is used
to guide system design, particularly in complex and open adaptive environments, for avoiding
risks and accidents.

A lower safety factor states that the structure is closer to failure. When a safety factor is
less than 1, it means the structure is prone to failing under the applied load. When it is greater
than 1, the structure is able to sustain the load. In comparison to a larger safety factor, a lower
safety factor in static linear analysis indicates that the structure is functioning with a smaller
margin of safety and may be closer to failure. To guarantee the dependability and integrity of the

building, the safety aspect must be properly taken into consideration.

The ratio of material strength to actual stress establishes a direct connection between stress and
the safety factor. It can be expressed mathematically as previously mentioned in Chapter 3, the safety

factor formula is displayed below and can be calculated manually using Equation 3.1.
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The most common ways to express safety factor are asaratio or percentage (Hicks & Wang,
2021). A safety factor of two, forinstance, indicates that the structure has a 100% margin of safety
and can withstand twice the load for which it was intended. A common safety factor ranges from
1.2to 4, dependingonthe weightand kind of structure. Aside fromthat, an overly high FoS could
result in an overly complex design that uses more material than is required. Cost and we ight may

rise as a result.

A higher safety factor means that the design has a larger margin of safety.
As aresult, there is less chance of failure because the material is not as stressed about its breaking
point. To summarise, stress is an indication for the internal forces existing in a material, whereas
the safety factor is a design principle that utilises stress to guarantee that a structure is capable of

safely supporting the desired loads. Below shown the results of safety factor for both design with
pressure applied 2.0 Mpa on Figure 4.6.

(b)
Figure 4.6: The results of Safety Factor for (a) existing and (b)

improvement design models at 2.0 MPa pressure applied.
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Table 4.4: The result of stress and safety factor data for both designs

PRESSURE EXISTING DESIGN IMPROVEMENT DESIGN
NO. (MPe) Von Mises Stress Factor of Von Mises Stress Factor of Safety
(MPa) Safety (MPa)
1 1.0 4.424e+08 2.441 4.028e+08 2.681
2 1.1 4.866e+08 2.219 4.430e+08 2.438
3 1.2 5.308e+08 2.034 4.833e+08 2.235
4 1.3 5.751e+08 1.878 5.236e+08 2.063
5 14 6.193e+08 1.744 5.639e+08 1.915
6 15 6.636e+08 1.628 6.041e+08 1.788
7 1.6 7.078e+08 1.526 6.444e+08 1.676
8 1.7 7.520e+08 1.356 6.847e+08 1577
9 1.8 7.963e+08 1.285 7.250e+08 1.490
10 1.9 8.405e+08 1.285 7.652e+08 1411
11 2.0 8.847e+08 1.221 8.055e+08 1.341
12 2.1 9.290e+08 1.163 8.458e+08 1.277
13 2.2 9.732e+08 1.110 8.861e+08 1.219
14 2.3 1.017e+09 1.061 9.264e+08 1.166
15 24 1.062e+09 9.666e+08 1.117
16 25 1.105e+09 0.9766 1.007e+09 1.073
17 2.6 1.150e+09 0.9390 1.047e+09
18 2.7 1.194e+09 0.9042 1.087e+09 0.9931
19 2.8 1.239e+09 0.8719 1.128e+09 0.9577
20 29 1.238e+09 0.8419 1.168e+09 0.9246
21 3.0 1.327e+09 0.8138 1.208e+09 0.8938

At all pressure levels, the table demonstrates that the improvement design typically has a
higher factor of safety than the existing design. This results in a larger margin of safety for the
improvement design since it suffers less stress in comparison to its ultimate stress capability. For
instance, the improvement design hasa Von Mises stress of 4.028e+08 MPa and a factor of safety
of 2.681 at 1.0 MPa, compared to the existing design's 4.424e+08 MPa and 2.441.

Table 4.4 shows that the improved design is under surveillance when the applied pressure
under 2.6 MPa, whereas the state of the existing design may be safe when the pressure below 2.4
MPa. On the other hand, the improvement design will fail if the applied pressure P builds up to P
> 2.7 MPa, whereas the existing design will fail if the pressure is P > 2.5 MPa. Between the two

designs, there is a about 2.0 MPa applied pressure difference, indicating that the improved design
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has a larger safety factor and cantolerate a higher applied pressure than the previous design.

The improvement design seems to be more resilient to stress and deformation than the
existing design, according to the linear static analysis. This is demonstrated by the enhanced
design's generally higher factor of safety at all pressure settings. This means that there is a higher
chance that the enhanced design will be able to withstand the imposed loads before failing.
From a safety perspective, the table indicates that the enhanced design appears to be a viable

substitute for the exisitng design.

In summary, the goal of linear static analysis is an efficient yet safe design. A higher FoS
is generally preferred for safety reasons, but it's importantto strike a balance to preventover-

engineering.

4.3  Newton Interpolation Method

In engineering analysis, fatigue describes the way that structures that are subjected to
varying stresses finally fail, causing damage to accumulate and structural failure(Kumar & Gaur,
2022). Fajri et al. (2021) also mentioned, fatigue is the result of a structure's recurrent cyclic

loading.

Lower fatigue is a better option in linear static analysis for fatigue life. The weakening of
a material brought on by continuous stress and strain is referred to as fatigue. A material's
resistance to fatigue failure is increased when its fatigue value is reduced because it means that it
undergoes less stress for a given number of load cycles. When the stress is removed, linear static
analysis assumes that the material stays in the elastic zone and takes on its former shape. Because

of this, it is appropriate in scenarios involving consistent, modest loads.

Accordingto linear static analysis, applied loads cause the material to stay elastic and not
permanently deform. The subject of fatigue analysis is material failure caused on by repeated
stress cycles, which can happen even inside the elastic range to find high-stress locations These
are possible sites of fatigue failure. To sum up, using linear static analysis to find possible fatigue

issues is an excellent starting point.
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Newton interpolation is a numerical method used for estimating functions. When data is
provided at discrete points, Newton interpolation can be used in the context of engineering study,
specifically for fatigue analysis, to estimate the fatigue life or damage accumulation of materials

and structures.

The Newton Interpolation Polynomial is employ to differentiate between the safety factor
for the two design models of Sabit Teras Premium as shown in Table23456. It was discovered
that while the safety factor Sf<1, it will start to fail, the design models will withstand the situation
of failure based on their structure and material Sf>1. Furthermore, the failure state is evident
in Linear Static Analysis when the fatigue analysis is conducted around the existing
and improvement design regions of Sabit Teras Premium. The Newton interpolation polynomial
equation can be expressed as the nth polynomial request to n + 1, and the interpretation of the nth

polynomial request is given below in Equation 4.1.

Pn(x) = a0 + al(x —x0) + -+ an(x —x0)(x —x1)

Where,
n = degree of polynomial =0, 1,2, 3, .....
a = coefficient =0,1,2,3,......
X = set of point (4.1)

Table 4.5: The input pressure applied and the safety factor for both existing and improvement

designs
EXISTING DESIGN IMPROVEMENT DESIGN
NO. Pressure Applied, MPa St Pressure Applied, MPa S
(x1) f(xi) (x2) f(xi)
1 2.4 1.0170 2.6 1.0310
2 2.5 0.9766 2.7 0.9931
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Meanwhile, the further computations implementing the formula in Equation 4.1 for both

designs using safety factor data is displayed in Table 4.5.

Table 4.6: The divided difference for Newton interpolation polynomial for existing design.

i xi f(xi) Afi

0 2.4 1.0170 09766 =1.0170
1o = 25— 24

1 2.5 0.9766 = —0.404

Pn(x) = a0 + al(x —x0) + -+ an(x —x0)(x —x1)

P(x) = 1.0170 + (—0.404) (x — 2.4)

1=1.0170 — 0.404x + 0.9696

1 =1.9866 — 0.404x

x = 2.442 MPa

Table 4.7: The internal pressure applied for both design models with sf =1

INTERNAL PRESSURE

EXISTING DESIGN

IMPROVED DESIGN

APPLIED (N/m?)

2442

2.682

Table 4.7 indicates that the improvement design will experience a failure mode at x >

2.682 MPa, whereas the existing design would experience x > 2. 442. Furthermore, the

improvement design is more structurally sound than the existing design because it can withstand

the increased pressure till the point of failure is reached. This study shows that the

improvement design has significantly increased pressure resistance. The improvement design
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seems to have better pressure resistance than the existing design, accordingto the linear static
analysis. Thisimplies thathigher loads may be handled by the improvement design before itreach
critical stress levels. The upcoming section will expound on the design efficiency for both
existing and improvement design for Sabit Teras Premium models, supporting the findings and

discussion.

4.4  Design Efficiency

In engineering analysis, design efficiency is essential to providing the best possible
product performance and dependability. Design engineering may increase product durability,
safety, and stability by employing sensitivity analysis to find and remove the weakest design

parameters in the beginning (Hegde, 2023).

Its main goal is to produce a design that satisfies all functional specifications while
avoiding unnecessary complexity, material utilisation, or production processes. Higher design
efficiency isgenerally preferred, since itindicates the design is optimised to carry outits intended
function with the least amount of waste or excess. Meanwhile, in the study by Yahaya et al.

(2012), the design efficiency with greater than 85% is acceptable design.

Johnson (2016) claims that efficient design can be applied as stated in Equation. it
been employed to define design efficiency for both models based on the results shown in Table
4.7. The value of the design efficiency for improved design has been calculated using Equation
4.2.

Output

Design Efficiency (DE) = Input X 100%

(4.2)

Design Effici (DE)—2682 X 100%
esign Ef ficiency = 212 0

Design Efficiency (DE) = 109.83%
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Accordingto the calculation above show the DE is 109.83%. Hence, depending on the
percentage of design efficiency that was attained for both existing and improvement
design appropriate and feasible since it more that 85% which is acceptable value. It indicated that
the design is stable and can be manufactured. This shows that a lower input pressure can be used
by the improvement design to create a higher output pressure, which could have advantages

including less energy used to produce the same results.

45  Summary

The Chapter 4 focuses on the outcomes of the Linear Static and Fatigue Analyses for both
of the Sabit Teras Premium designs by using SolidWorks Simulation Xpress. It was applied for
the analysis, which measured the distributions of stress and displacement. Furthermore, boundary
conditions, meshing techniques, and material properties were carefully taken into consideration.
The safety factor calculations were based on the results of these analyses, and the fatigue analysis
was predicted using Newton Polynomial Interpolation. In the end, both models' design efficiency

was assessed.

The displacementand stress had been test at different pressures from 1.0 MPa to 3.0 MPa.
For structural accuracy and integrity, lower values of stress and displacement were preferred. In
comparison to the existing design, the improvement design continuously displayed lower Von
Mises stress and less displacement, showing higher resistance to deformation and internal forces.
Thus, the safety factor indicates how likely a design is to fail when applied loads are encountered.
In general, higher safety factors are favoured. In comparison to the existing design,
the improved design showed a better safety factor across all pressure levels, indicating that it is

more durable and has a larger margin of safety.

In the meantime, fatigue refers to a material's inability to withstand repeated stress cycles.
By using Newton Interpolation to forecast the designs' fatigue life. In comparison to the
existing design, the improved design demonstrated a stronger resistance to fatigue failure,

showing increased structural soundness and pressure resistance.

Design efficiency is the degree to which a design satisfies functional criteria with the least
amount of extra or waste. In comparison to the existing design (122.77%), the improved design
exhibited a much higher efficiency (173.76%), indicating better performance and reduced energy

use for the same output.
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As conclusion, based on the Linear Static and Fatigue Analyses the improved design of Sabit
Teras Premium model design is better than the existing one. It displays improved fatigue
resistance, stronger safety factors, less stressand displacementunder pressure, and more effective
design. The improved design thus proves more reliable, effective, and appropriate for use in the
actual process of gathering palm fronds. In a nutshell, Chapter 5 will employ dynamics analysis

to determine whether the enhanced design is sound and safe for usage, and whether it can provide

high cutting efficiency.
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CHAPTER 5

DYNAMIC

ANALYSIS

In this Chapter 5 will provide the dynamic analysis results for both existing and
improvement designs for Sabit Teras Premium. In dynamic analysis, the software program
ANSYS is used to estimate the velocity and pressure distributions on both models. Furthermore,
ANSYS Fluid Flow (FLUENT) is selected as an effective analytical tool for demonstrating the
effects of existing and improved design 3D models. This section should also include an

examination of the coefficient of variance in terms of velocity and pressure.

5.1  Dynamics Analysis

In engineering, dynamic analysis is the study of how structural systems behave under
changing loads and environments over time. According to Dan et al. (2023), it is essential for
constructing, monitoring, and maintaining complex structures. Dynamic analysis improves
structural stability by providing insights into complicated system behaviour. Wang & Wang (2021)
studies emphasise the need of dynamic stability analyses in various structural contexts by set up
the model that treats dynamic continuous structural systems as large-scale networks, proving that

the state variables of node are uniformly and eventually bounded, which contributes to stability.

Dynamics analysis, commonly known as classical fluid mechanics, provides a theoretical
foundation for understanding fluid behaviour. Mathematical equationsregulating fluid motion are
derived using fundamental physical principles such as mass and momentum conservation. The
Navier-Stokes equations describe the relationship of a fluid's velocity, pressure, and viscosity.
Smoljanovi¢ et al. (2020) provide numerical models for analysing dynamic stability in beam-type

structures, highlighting the significance of nonlinear material behaviour for correct results. These
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findings collectively show thatdynamics analysis is critical for assessingand enhancingstructural
stability in a variety of engineering applications.

The most important part of dynamic analysis is to choose an appropriate method for
carrying it out. The primary method is direct numerical integration of the condition of dynamic
equilibrium. This study will use ANSYS Fluid Flow (FLUENT) to calculate the velocity and
pressure distribution from existing and improvement design models of sabit. The ANSYS Fluid
Flow (FLUENT) package is a component of Computational Fluid Dynamic (CFD) technology
that can be used to perform object meshing operations.

Computational Fluid Dynamicsalso known as CFD is a numerical analysis technique that
uses computational power to solve the Navier-Stokes equationsfor particular fluid flow problems.
It divides the fluid domain where the region holding the fluid, into smaller parts and uses
numerical methods to approximate the governing equations at each level. Key elements of CFD
are entails defining the geometry of the flow domain, establishing boundary conditions,
specifying fluid properties, and discretizing the domain into a mesh. Next, calculate the fluid's
velocity, pressure, and temperature distribution across the domain. Finally, the simulation results
are analysed and visualised to help engineers understand flow properties such as pressure,

viscosity, and velocity.

Dynamics analysis lays the basis for CFD by providing a theoretical framework for
comprehending fluid behaviour. CFD's fundamental concepts and governing equations are based
on classical fluid mechanics. CFD is a strong tool for numerically solving these equations,
allowing the investigation of complex fluid flow issues that would otherwise be unsolvable using
analytical methods. CFD is based on dynamic analysis concepts, but it enables for more complete

simulations of real-world settings.
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5.1.1 Geometry Surface Design

On this study, to conduct a dynamic analysis of the existing and improvement design of
Sabit Teras Premium is by using ANSYS (FLUENT). The SolidWorks geometry file must be
saved in IGS format for compliance with subsequent phases. Then, launch ANSYS and create a
new Fluid Flow (FLUENT) project. Importthe previously stored IGSfile into thisprojectin order
to continue the analysis. The first step before enabling the ANSY S user to take further action is
setting up the unit and all the measurements utilised in SI units. Figure 5.2 shows the geometry

of the both 3D design models beenimported from SolidWork.

The both designs are shown in the Figure 5.1 below using SpaceClaim, an ANSYS

package tool that allows for geometry editting before performing additional analysis.

Ansys
f \nsy 2024 R1
= 20241 STUDENT

STUDENT

(a) (b)
Figure 5.1: The ANSYS Design Modeler interface in ANSYS Fluid Flow (FLUENT) software

for both (a) existing and (b) improvement designs.

5.1.2 Meshing Process

The meshing procedure for geometry generation will be discussed in this section. In
theory, ANSY S meshing is utilised to generate a computational geometry mesh for both existing

and improved design systems.

This study will investigate tetrahedron-10 (tet-10), for tetrahedra-10 meshes, the finite
volume and finite element methods are the most appropriate (Si and TetGen, 2006). The tet-10

meshing refers to the process of creating tetrahedral meshes with ten nodes each. Tetrahedral part
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usually picked, Wang (2012) noted that, because of its complex mesh capacity and somewhat
greater strain estimation for any design by will minimize the multifaceted complexity of the
geometry. Based on Hu et al. (2020), the tet-10 meshing approach is superior to existing
techniques because itcan swiftly turn triangular into high-quality tetrahedral meshes and preserve

an acceptable point mesh throughout the process.

In the stress emphasis as compared to other components, the stress level projected by tetrahedral
components is somewhat normal. The selected tetrahedral elements are shown in Figure 5.2.
Meshing details is shown in Table 5.1 for both design and result of the meshing process in Figure
5.2in ANSYS (FLUENT).

Table 5.1: The mesh details setted for both designs.

MESHDETAILS EXISTING IMPROVED
DESIGN DESIGN
Element Type Tet-10 Tets-10
ElementSize 0.005 (m) 0.005m
Number of Elements 24239 25345
Number of Nodes 40495 42523
Curvature Normal Angle 18.0° 18.0°
Mesh Metric Skewness Skewness
Target Skewness 0.9 0.9
Smoothing High High
Growth Rate 1.2 1.2
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Figure 5.2: The meshing process for both (a) improvement and (b) existing designs

5.1.3 Boundary Condition

A boundary condition in dynamics analysis is a set of restrictions placed at a system's
boundaries thatcontrol how the system behaves under repeated loads. These conditions are crucial
for guaranteeing the well-posedness of constraint systems and for precisely resolving real-world
issues (Cruden, 2023). As it assisted in defining the interactions between the system and its
surroundings, according to Praisach et al. (2022) boundary conditions are important in
simulations, particularly when dealingwith changingboundariesand huge deformations. In order
to allow for the preservation of species mass flux and exchange of energy at the fluid or material
interface and to represent the fluid-material interface in permanent thermal protection systems,
boundary conditions must be defined correctly (Li et al., 2023). In dynamics analysis, knowing

and applying the right boundary conditions is essential to getting precise and trustworthy results.
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To ensure thatthe Dynamics Analysis simulation runs efficiently, the boundary conditions
for the existing and improved designs must be properly defined. Based on this study analysis,
Figure 5.3 and Figure 5.4 shows that the boundary conditions are the default option for the Fluid
Flow (FLUENT) package. The geometries inlet set oninner blade as the input and outlet been set
on outer blade as the output have been addressed in terms of boundary conditions. The boundary
conditionisdetermined by how the fluid movesin form the inletand out of the model as the outlet
(Bhatia, 2016). The geometry intake represents velocity, the geometry exit represents fluid
leaving, and the fluid imposes pressure.

| \

0.000 0150 03000 00001 s

0.075 0225

(a) (b)
Figure 5.3: The boundary conditions (a) inlet and (b) outlet for both designs

0.075 0.225

Meanwhile, the wall also needed to be set as fixed boundary conditions for both designs are at
the all-body level, with the exception that the inner curvature and outer blade of both design
models are also set as the wall. It has been set as the wall because that part is not moved since the
structure is in static form. Fixed support s eternally stable and does not allow the design model

to change. Figure 5.4 depicts the boundary condition with the red-colour for both designs.
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Figure 5.4: The boundary conditions as wall for both designs

5.1.4 Loading Condition

With the inletand outlet set as boundary condition, the velocity will be specified at both
the inlet and outlet as shown in Figure 5.5. The inlet represents the boundary where the fluid
enters the simulation environment. Fluid analysis could be done to examine how the shape
impacts air resistance if the sickle design calls for air movement during operation. This could
potentially lower the energy required to swing the sickle. In this study, loading condition been
define variable value of velocity at the inlet. Meanwhile, the outlet symbolises the boundary
where the fluid leaves the simulation domain. For this simulation, air acts as a fluid. Table 5.2

shows the mechanical properties of a fluid utilised in the simulation.
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Figure 5.5: The loading conditions for both designs

Table 5.2: The mechanical properties of fluid

TYPE OF AIR
PROPERTIES i URTS
Density 1.225 kg/m?
Specific Heat, Cp 1006.430 Jkgk™
Thermal Conductivity 0.024 W/mk*
Viscosity 1.789x10° kg/ms™*
Standard State Entropy 194336 Jikgmolk?
Critical Specific Volume 0.002857 m3/kg
Molecular Weight 28.966 kg/kgmol

80




5.2 Results

This section will display and provide an explanation of the Dynamics Analysis results for
existing and improvement designs. These comprisesthe pressure, velocity, and viscosity which
are obtained by the software simulation of ANSYS (FLUENT). This section will also clarify

whether the outcome of the improved design is acceptable.

5.2.1 Pressure and Velocity Distribution

The simulation findings obtained through the study in CFD of Dynamic Analysis for both
designs in terms of coefficient of variation will be described further down this section. After
completing all boundary condition configurations, the analysis will be completed and displayed
on the ANSY'S Fluid Flow (FLUENT) package results.

Pressure is the force per unitarea that is applied to the sickle's blade as it interacts with
the palm fronds or stalks during cutting in the context of a palm oil sickle's dynamic analysis.
Understanding this pressure is essential to figuring out the forces involved in the cutting process
and how well the sickle can cut through the material. The localised pressure that the sickle's blade
applies to the palm fronds while cutting is known as cutting pressure. The force used by the user,
the blade's sharpness, and its design all have a role. During cutting, the dynamic pressure is

affected by the sickle's velocity and the force that is exerted.

For most cutting applications, a clean, accurate cut is best achieved with a lower pressure.
The material may squeeze or distortunder high pressure beforecutting. Thismay resultin uneven
cuts, sharp edges, and even harm to the surrounding material near the cutting line. Reduced
pressure enables the cutting tool to split the material neatly and with little distortion. Lower
pressure can extendedtool life becauseexcessive pressure mightcause the cuttingtool to undergo
premature wear and tear. Lower pressure reduces the stress, increasing the cutting tool's life and
lowering replacement expenses. Nonetheless, in certain situations, higher pressure may be
advantageous if extremely thick or hard material like cut through materials that are exceptionally
thick or hard, greater pressure may be required. To prevent undue deformation, it is imperative to
determine the ideal pressure balance even in these situations. The result of Pressure for both
shown belon in Figure 5.6.
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Figure 5.6: Velocity vector for (a) existing and (b) improvement designs at inlet

velocity =100 ms1

Velocity in the context of a palm oil sickle's dynamic analysis is the rate at which the
blade of the sickle travelswhen slicing through the palm fronds. The force appliedto the material,
the cutting efficiency, and the general efficacy of the operation are all significantly influenced by
this velocity. The sickle's cutting velocity is the rate at which it moves its blade when cutting.
Both the sickle's design and the user's swing or pull motion have an impact. The effectiveness
with which the velocity is converted into cutting action can be influenced by the blade's form and

sharpness

In general, cutting fronds (leaves or branches) from a tree with a medium to low cutting
velocity is preferred than higher velocity. Here are the advantages of lower cutting velocity is the
blade to move through the frond more smoothly, reducing tearing and shredding. This is
particularly important for delicate fronds and when a smooth, completed cut is required.
Furthermore, lower velocity minimises the chance of causing damage to the tree's surrounding
tissue. This is critical for maintaining the tree's general health and supporting adequate recovery
following the cut. A slower cutting velocity provides more control and precision throughout the
cutting operation. This is critical for making precise cuts and preventing unintended harm. Most
frond-cuttingapplications require amedium to low cutting velocity to ensure clean cuts, minimise
tree damage, and maintain process control. Below the the result for velocity for both designs on

Figure 5.7.
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Figure 5.7: The velocity for (a) existing and (b) improvement designs at inlet
velocity =100 ms1

In dynamic analysis, lower pressure usually refersto lower dynamic pressure, which rises
with velocity and reaches a maximum known as Max Q. Lower dynamic pressure indicates less
stress on the system, which may be advantageous depending on the application. Higher dynamic
pressure, on the other hand, indicates more kinetic energy inside a fluid, which might be useful
in certain applications. The decision between lower and higher pressure is based on the analysis's
individual requirements and objectives. For this study the lower pressure is required for more
smooth cutting. The results data for dynamics analysis with output pressure and velcity shown in

Table 5.3 with velocity applied from 50 m/s until 150 m/s.
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Table 5.3: The result max pressure and max velocity for both designs using ANSYS (FLUENT)

EXISTING DESIGN IMPROVEMENT DESIGN
INPUT VELOCITY Max Output Max Output
ms) Max Pressure Velocity Max Pressure Velocity
(Pa) (Pa)
(m/s) (m/s)

50 127.967 58.752 63.861 50.874
60 187.027 70.578 87.175 61.031
70 253.786 82.296 113.794 71.186
80 338.770 94.126 143.799 81.338
90 432.445 105.991 177.174 91.489
100 535.165 117.716 213.370 101.638
110 654.667 129.705 252.526 111.786
120 783.523 141591 294.675 121.932
130 922.441 153.434 339.793 132.078
140 1071.640 165.373 387.597 142.224
150 1237.960 177.283 437.902 152.370

The outcomes of the dynamic analysis for both design models using ANSY S Fluid Flow
(Fluent) are displayed in Table 5.3. The obtained results demonstrate that the improvement design
generates low pressure and high velocity. This assertion is consistent with the Bernoulli's
Principle, which, as Figure 5.6 and Figure 5.7 illustrates, states that high velocity happens at low
pressure. Nonetheless, the max pressure applied to the sabit in the improvement design decreased
linearly, but the highest pressure in the existing design which is 535.165 Pa while improvement
design with 213.370 Pa.

Lower pressure means lessforce isrequired to push the blade through the bunches of palm
fruits. This results in less physical strain while harvesting and easier cutting. Furthermore, a
slower blade movementindicated by alower velocity gives the user more control over the cut and
reduces the possibility of unintentional injury to the fruit or palm tree. Table 5.3 illustrates how
the improved design results in reduced pressure and velocity on 535.156 Pa and 117.716 m/s
when compared to the existing design on 213.370 Pa and 101.638 m/s with both 100 m/s velocity
applied. Conclusion, the improvement design is better compared to existing in term of pressure

and velocity.
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5.2.2 Viscosity

Viscosity is an inherent property of a fluid. It represents the internal friction between the
fluid molecules that resist their movement past each other. Lower fluid viscosity is usually
regarded as beneficial in dynamic analysis. Fluids with a lower viscosity provide less flow
resistance, enabling smoother motion and possibly better efficiency and performance. Benefits
including improved heat transmission, decreased friction, and improved system performance can
result from choosing the proper low viscosity liquid.

For this study, the idea of external fluids and their viscosity becoming relevant under
particular circumstances, as Figure 5.8 depicts the situation where external fluids interact with
sabit. Thus, while viscosity isn'ta major issue when cutting dry fronds, it might become an issue
if the sickle comes into contact with liquids while in use. Water may coat the sickle's blade and
function as an external fluid if it is utilized in a moist environment. Even with its low viscosity,
water can nevertheless because some drag force when the sickle travels through the moist
surroundings.

y
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Figure 5.8: The viscosity for (a) existingand (b) improvement designs at inlet

velocity =100 mst
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Lower viscosity is usually preferable for cutting sickle palm fronds as the sickle passes
through a fluid, less drag is produced by lower viscosity fluids, such as water. This results in
easier cutting that requires less effort from the user, which reduces fatigue and boosts
productivity. Hence, the user can control the sickle more effectively during cutting because there
iIs less drag. Thisminimises the chance of slippingand hurtingthe userand enables more accurate
cutting. Also, when cutting, a low-viscosity fluid is less likely to make the sickle feel "sticky" or
clog up. Cleaner cuts and more seamless operation are guaranteed. Over time, this may result in
decreased cutting efficiency and greater user fatigue. The results for both designs of viscosity in

dynamics analysis were displayed in Table 5.4.

Table 5.4: The result viscosity for both designs using ANSYS (FLUENT)

INPUT VELOCITY VISCOSITY (Pa.s)
(m/s) EXISTING DESIGN IMPROVED DESIGN
50 0.086426 0.00862
60 0.09549 0.01051
70 0.11390 0.01241
80 0.13263 0.01433
90 0.15181 0.01627
100 0.17011 0.01823
110 0.18840 0.02234
120 0.20718 0.02267
130 0.22604 0.02465
140 0.24501 0.02694
150 0.26410 0.02925

The data in the table clearly demonstrates that improved design had the lower viscosity
with 0.01823 Pa.s compare to existing design with 0.17011 Pa.s when 100m/s input velocity
applied. This scenario will lead to enhanced cutting performance, minimized drag forces while
cutting where can leads to a more effortless cutting process. It also will led to a significant

improvement in cutting speed.
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5.3  Coefficient of Variation (CV)

In engineering analysis, the Coefficient of Variation (CV), commonly referred to as the
normalised root mean square deviation (NRMSD) or relative standard deviation (RSD), is a
statistical measure that is used to assess the relative dispersion of a set of data around its mean.
Meanwhile, Arachchige et al. (2022) mentioned CV is an essential statistical measure that's
utilised to evaluate the relative dispersion of data, especially when the distrib utions are normal.
It is more effectively grasp a dataset's dispersion of data points in relation to its mean by using
the CV. It makes it possible to compare dataset variability consistently even when their scales or
units differ. Itis a useful tool for assessing the consistency of data related to real-world processes

and the accuracy of measuring devices (Seeletse & Miyambu, 2017).

The CV value can be determined by divided the data's standard deviation (SD) by the
mean and multiply the result by 100% to get the CV and a percentage, as provided in Equation
234. Alow CV usually less than 20% indicates that the data points are organised closely around
the mean, implyinggreat consistency and reliability. A high CV generally more than 30% implies

a greater variety of data points around the mean, implying more variability in the dataset.

o e Standard Deviation
Coefficient of Variation (CV) = TP X 100%

(5.1)

Furthermore, the statistical values for both designs will be shown on Table 5.5 and Table 5.6 with
an example of calculation for coefficient of variation is provided by applying Equation (5.5) for

pressure for the existing Sabit design.

Coefficient of Variati (CV)—371'9609 100%
oefficient of Variation = Zo5 0355 * 0

Coefficient of Variation (CV) = 62.51%
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Table 5.5: The statistical values of pressure for both design models

PRESSURE
EXISTING IMPROVED
DESIGN DESIGN
STANDARD DEVIATION 371.9609 125.2107
MEAN 595.0355 228.3332
COEFFICIENT OF VARIATION
62.51% 54.83%

Table 5.6: The statistical values ofvelocity for both design models

VELOCITY
EXISTING IMPROVED
: Iy DESIGN DESIGN
STANDARD DEVIATION 39.3138 33.6608
MEAN 117.8952 101.6316
COEFFICIENT OF VARIATION
33.34% 33.12%

In general, a sickle design with a lower coefficient of variation (CV) is desirable. A lower
CV indicates higher consistency in the Sabit's crucial dimensions and qualities across multiple
units. This consistency results in a more stable design that functions predictably. As shown in
Table 234, the improved design yields a lower CV result for both pressure and velocity than the
existing design with 7.68% lower than existing for CV for pressure. Meanwhile, improved

design’s CV IS 0.22% lower than existing design for CV for velocity.

5.4  Summary

Chapter 5 displays the results of the dynamic analysis for both the Sabit Teras Premium
designs, using ANSYS Fluid Flow (FLUENT). This chapter describes the dynamic analysis's
methodology and conclusions, including the meshing procedure, boundary conditions, velocity

and pressure distributions, and coefficient of variation (CV).
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Dynamic analysis focuses on how structural systems behave over time in different settings
and loads. The study models and analyses the pressure, velocity and viscosity distributions on
both the designs using ANSYS Fluid Flow (FLUENT) using Computational Fluid Dynamics
(CFD), which sheds light on fluid behaviour and system stability.

The dynamic analysis's conclusions are highlighted in the results section, which also
includes information on the coefficient of variation, pressure, and velocity distributions. In
comparison to the existing design, the improved design showed reduced maximum pressures at
all input velocities. Lower pressure extends tool life, reduces the possibility of material
deformation, and allows for better cutting.

On the other hand, the improved design displayed more constant velocity distributions,
indicating enhanced cutting control and efficiency. Last but not least, the improved design
performed better when cutting since it had viscosity that proved much lower at different input
velocities than existing design.

Meanwhile for the Coefficient of Variation (CV), shown improved design had lower CV
values for pressure and velocity, indicating increased consistency and dependability. In the
improved design, the CV for pressure was 54.83%, as instead of 62.51% in the existing
design. Hence, the velocity CV for the revised design was 33.12%, while the existing design's
value was 33.34%.

In summary, in terms of pressure, velocity, and viscosity distributions, the dynamic
analysis shows that the Sabit Teras Premium's improved design surpasses the existing design.
Because of the improved design's lower maximum pressures, more constant velocity
distributions, and less drag forces, cutting efficiency and tool longevity are increased. Higher
consistency and reliability are also shown in the upgraded design's reduced coefficients of

variation, which makes it the better option for the Sabit Teras Premium.
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CHAPTER 6
CONCLUSION AND RECOMMENDATION

6.1 Conclusion

This study's goals were effectively met by a number of analyses that were centred on the
Sabit Teras Premium tool. according to the first goal of Chapter 1's description, which is to
determine Curvature Properties. Utilising both fatigue and near-static analyses, the curvature
characteristics of the current Sabit Teras Premium were thoroughly determined. This analysis

offered insightful information about the tool's capabilities and its drawbacks.

The second goal is to redesign for Optimal Curvature, which was achieved by using the
curvature research findings and redesigning the Sabit Teras Premium with an emphasis on
optimising curvature using SolidWorks software. This redesign sought to dramatically increase

harvesting efficiency.

Finally, the last objective is to compare the performance of existing and improved designs
to determine which is better.A full comparison of the revised Sabit Teras Premium and the
previous version was carried out using Linear Static Analysis and Dynamic Analysis. This

comparison enabled a clear evaluation of the efficiency gains realised by the redesign.

This study gives useful data on the Sabit Teras Premium because it effectively metall
three objectives. The investigations found areas for improvement in the previous tool's curvature,
which influenced the creation of a rebuilt version with optimised curvature. The comparison
showed that the modified Sabit Teras Premium has the potential to significantly improve

harvesting efficiency.
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6.2 Recommendation

Some recommendations for future researchers to examine to determine which materials
are appropriate for Sabit Teras Premium or other harvesting tools. Material testing should be a
major component of this research, with a variety of materials being thoroughly tested to ascertain
their resilience to rust and wear as well as their longevity and sharpness preservation. In order to
assess the performance and efficacy of the most promising materials, field trials will be used in
actual harvesting scenarios. Hence, evaluating the long-term durability as well as the initial cost

of employing certain materials to determine their economic feasibility.

Furthermore, futher research by focusing on ergonomics of Sabit Teras Premium in order
to lessen users' pain and suffering while harvesting. Creating ergonomically prototypes and
including real users into the design process to guarantee the comfort and effectiveness of the
products. By carrying out research that employs both subjective inputand objective measures,
such asjoint stressand muscle activity, to assess user discomfortand fatigue levels when utilising
various designs. Researchers can make a substantial contribution to the creation of harvesting

equipment that are more effective, long-lasting, and easy to use by focusing on these areas.

6.3  Sustainability

Calculations are made to compare the two design models and assess which is more
sustainable. The upgrade's design has a greater level of efficiency and dependability than the
existing design of Sabit Teras Premium, according to the results. The investigation has revealed
that the improved design has a greater sustainability rating than the existing design. This is
because, in Linear Static analysis, the design efficiency ofimproved design is significantly higher
than that of existing design. When the design efficiency is higher than 85%, as previously said in
Chapter 4, the design is accepted. Additionally, compared to the existing design, the
improved design's CV value in the dynamic analysis done in Chapter 5 is significantly reduced.

The design of the improved design is stronger and stable when the CV value is lower.
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