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ABSTRACT

The production of new products that have not yet been researched on how the machine is
produced according to assembly methods suitable for humans is investigated in this thesis.
This study aims to see the production of this KESIDANG machine can be highlighted in the
scope of learning in the future which aims to study the manpower ergonomics of the CNC
3D router KESIDANG. The study about KESIDANG that relate to the new product
development (NPD) process, concurrent engineering (CE), and design manufacturing
interface (DMI) is unknown. This explorative research is done to investigate the effect of
new product development (NPD) process, concurrent engineering (CE), and design
manufacturing interface (DMI) on the new machine of KESIDANG CNC 3D Router. Based
on the literature review reading, research about the NPD, CE and DM that can relate toward
the KESIDANG were established. The study of ergonomic that consist of anthropometry
and rapid upper limb assessment (RULA). This is called quantitative data. The RULA use
to collect the data of human body posture when make installation KESIDANG. Score level
of MSD risk use to analysis the data collected in RULA. Analysis is explained about the risk
that human will be borne when installing the machine. CATIA software will be used to
analyze the data of human body posture. Data collection of human body posture concurrent
with time taken. Stopwatch will be used when assembly activities to record the assembly
time. The assembly line of KESIDANG machine covering of frame, x-axis, y-axis, and z-
axis. In conclusion, all objectives have been achieved, and it can be concluded that worker
ergonomic and time study is crucial in assembly of KESIDANG



ABSTRAK

Penghasilan produk baru yang masih belum diteliti bagaimana mesin dihasilkan mengikut
kaedah pemasangan yang sesuai untuk manusia disiasat dalam tesis ini. Kajian ini bertujuan
untuk melihat penghasilan mesin KESIDANG ini dapat diketengahkan dalam skop
pembelajaran pada masa hadapan yang bertujuan untuk mengkaji ergonomik tenaga kerja
penghala CNC 3D KESIDANG. Kajian tentang KESIDANG yang berkaitan dengan proses
pembangunan produk baharu (NPD), kejuruteraan serentak (CE), dan antara muka
pembuatan reka bentuk (DMI) tidak diketahui. Penyelidikan penerokaan ini dilakukan untuk
menyiasat kesan proses pembangunan produk baharu (NPD), kejuruteraan serentak (CE),
dan antara muka pembuatan reka bentuk (DMI) ke atas mesin baharu Penghala 3D CNC
KESIDANG. Berdasarkan pembacaan tinjauan literatur, penyelidikan mengenai NPD, CE
dan DMI yang boleh dikaitkan dengan KESIDANG telah diwujudkan. Kajian ergonomik
yang terdiri daripada antropometri dan penilaian anggota atas pantas (RULA). Ini
dipanggil data kuantitatif. RULA digunakan untuk mengumpul data postur badan manusia
semasa membuat pemasangan KESIDANG. Tahap skor penggunaan risiko MSD untuk
menganalisis data yang dikumpul dalam RULA. Analisis diterangkan tentang risiko yang
akan ditanggung oleh manusia apabila memasang mesin. Perisian Osmond Ergonomic akan
digunakan untuk menganalisis data postur badan manusia. Pengumpulan data postur badan
manusia serentak dengan masa yang diambil. Jam randik akan digunakan apabila aktiviti
perhimpunan untuk merekod masa perhimpunan. Barisan pemasangan mesin KESIDANG
meliputi bingkali, paksi-x, paksi-y dan paksi-z. Kesimpulannya, semua objektif telah dicapai,
dan dapat disimpulkan bahawa ergonomik dan kajian masa pekerja adalah penting dalam
pemasangan KESIDANG.
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CHAPTER 1

INTRODUCTION

In this chapter is about discussing the background of new machine that is called KESIDANG
CNC 3D Router. The purpose of the study as well as the goals related to the project will be
presented in this chapter. The problem statement about existing problems and the objective we

must achieve in this project also will be included in this chapter.

1.1  Background

Figure 1.1KESIDANG CNC 3D Router

In December 2021, a programmed called Talent Development Programme: Developing
Tomorrow’s Expertise was held for Product Design Student of Faculty of Mechanical &
Manufacturing Engineering Technology. As organizer of this programme, Dr. Hambali bin
Boejang has proposed a product development project which was to develop a CNC 3D Router
Machine in order to share and implement the knowledge that he experienced during his time in

automotive industry
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KESIDANG is a new machine, and the production of this project requires the labor of 6 UTEM
students, the project director and help of several supervisors. KESIDANG CNC 3D Router,
computer numerical control (CNC) is the perfect computer-controlled machine for cutting and
engraving variety of materials, such as wood, composites, metals, plastics, glass, and foams and
others materials. It typically mounted on the spindle of a CNC router is a hand- held router.

The origin of the name of the KESIDANG comes from a machine naming contest. We want
everyone to know that we are developing a machine that has potential for teaching and learning
purposes. Through a machine naming competition that was participated by 100 participants and
after screening we chose KESIDAG as the name of the CNC 3D Router project. KESIDANG
is the official flower of UTEM and also the official flower of Melaka. The production target of

this CNC 3D Router is to at least reach the stage of producing a functional prototype.

1.2 Problem Statement

The inspired method can be seen to have a significant difference in terms of the design produced
different from the existing design. The project of KESIDANG opened the eyes of many parties
that this existing machine can be improved in terms of its functionality and a design that is more
attractive and comfortable to use. Lack of knowledge about ergonomic posture and time study
during installation KESIDANG is most problem we are faced. It is an opportunity to study the

application of it.

KESIDANG is a new machine, and the production of this project requires the labor of six
UTEM students, the project director and the help of several supervisors. This new project
provides an opportunity to go to the next level which is production engineering. No analysis
data about the relationship between the appropriate installation method affects the time taken

when installation KESIDANG is the issues we encounter.

12



1.3 Research Objective

Each new machine production has their own production line by doing minimal research in
producing their own products. Thus, it is an opportunity to study the application of it. It can see
that the main objective is to create a production line for this KESIDANG project. This
KESIDANG CNC 3D Router manufacturing project has been produced and developed so that
these objectives can be achieved among others:

a) To collect data of time taken & data of human body posture during assembly

KESIDANG..
b) To analyze the relationship between the ergonomic installation of KESIDANG

affecting the length of time taken for installation to be performed.

1.4 Scope of Research

The ergonomic that will apply when making installation of Kesidang CNC 3D Router is
research and data will be collect in this topic. The purpose of study about ergonomic to identify
the installation of Kesidang CNC 3D Router follow the step that has been given. The literature
review, data collection and analyse data will conduct purpose to learn how ergonomic will apply
in KESIDANG CNC 3D Router.
The scope of this research are as follows:

o Literature review

o Collect the data by using software Rapid Upper Limb Assesment (RULA)

CATIA.
o Time taken of assembly KESIDANG by using stopwatch
o Analyze the data collected by using the level of muscular disorder (MSD) in

CATIA

13



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

Search engine used in literature review to demonstrating knowledge and understanding of the
academic literature on a specific topic placed in context. A literature review also include a
critical assessment of the sources. In this chapter, need to identify and examine reference
materials from journals, books and sources from the internet related to the new product
development process. Including in this study, there are aspects related to the NPD process,
design manufacturing interphase, concurrent engineering, and the method used to collect data

and analyze the collected data.

2.2 CNC 3D Router

Working with automatic mechanical equipment demands precise, accuracy, speed, consistency
and flexibility. In this case it takes the help of embedded computer applications to do the job.
One of the mechanical equipment combined with microcomputer that has been widely used is
a CNC (Computer Numerically Controlled). CNC machines are used for mechanical work such
as cutting, engraving, drilling and others. The computer technology used to control, parse and
execute certain objects based on user command. In the manufacturing industry, the use of CNC
machines greatly affects the increased production.

They are also capable of cutting joinery like mortises and tenons. The idea behind a CNC router
and a CNC milling machine is fairly similar. One of the various tool types that have CNC
variations is the router. CNC routers have three type of machine that are, 3-axis, 4-axis, and 5-

axis routers. In CNC machining, material is taken out of a workpiece until the desired shape is

14



achieved. These subtractive manufacturing machines operate on XYZ plane and have at least
three axis: an X axis that runs vertically, a Y axis that runs horizontally, and a Z axis (depth).
Just along the Z-axis, 3-axis mills are frequently used for drilling and tapping holes. Due to the
spindle's ability to travel up and down, it is unable to enter the workpiece from the side.

Research about realization of low cost of CNC machine by (Ginting et al., 2017) discusses the
development of a low cost 3-Axis CNC router. This research is main literature review on
hardware dan mechanic design. Research by (Paulo, 2010) realizes a 3 axis CNC machine as
well as a LabVIEW-based application program as an instruction giver. The main tools in
mechanical design consist of multiplex board, stepper motor, linear bearing, ball bearing, linear
shaft, leadscrew and nut, coupling beam, power supply and spindle drill. Figure 2.1 is a 3D
design of CNC machine made using Autocade software and display of microcontroller-based

CNC machine that has been built can be seen in Figure 2.2 (Ginting et al., 2017).

Figure 2.1CNC machine viewed from top left corner(R.Ginting, S. Hadiyoso and
S.Aulia, 2017)
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Figure 2.2CNC machine display (R.Ginting, S. Hadiyoso and S.Aulia, 2017)

In December 2021, a programmed called Talent Development Programmed: Developing
Tomorrow’s Expertise was held for Product Design Student of Faculty of Mechanical &
Manufacturing Engineering Technology. As organizer of this programmed, Dr. Hambali bin
Boejang has proposed a product development project which was to develop a CNC 3D Router
Machine in order to share and implement the knowledge that he experienced during his time in
automotive industry.

KESIDANG CNC 3D Router is a 3-axis machine that has a little difference compared to the
existing CNC 3D Router 3-axis. From the physical of KESIDANG it can see that it is larger
and suitable for the learning process. KESIDANG is a brand-new machine, and its creation
required the work of six UTEM students, the project director, and assistance from other
supervisors. The KESIDANG CNC 3D Router is the ideal computer-controlled machine for
cutting and engraving a variety of materials, including wood, composites, metals, plastics,
glass, and foams. A hand-held router is commonly installed on the spindle of a CNC router.
Many popular carpentry shop instruments, such as the panel saw, spindle molder, and boring
machine, can be replaced by CNC routers.

The KESIDANG's name was chosen as the winner of a machine naming competition. We want

everyone to be aware that we are working on a machine with the potential to be used for
16



teaching and learning. Through a machine naming competition in which 100 people took part,
we selected KESIDANG as the name for the CNC 3D Router project. Both UTEM and Melaka
have designated KESIDANG as their national flower. This CNC 3D Router's production goal
Is to at the very least get to the point of generating a working prototype. The design produced

is attractive and makes this machine the choice of users in the future.

2.3  New Product Development

New product development (NPD) process is essential for the creation of products that satisfy
needs of industrial customers and differentiate company among competition. The NPD process
has specific character in case of industrial sector, taking into account the level of product
personalization and possibilities of close cooperation with final client. NPD is a decision-
making process encompassing several core functions (Hambali,2020). NPD can assure product
quality by directing the product development activity using milestones and
checkpoints/gateways. NPD refers to the process of bringing a new product to the market,
starting from the planning, followed by engineering design, manufacturing engineering, and
production. Figure 2.3 is the main focus of four phases in NPD (Boejang etc, 2019;

Wheelwright & Clark, 1992).

, ::> Engineering > Manufacturing .
Planning Design engineering production

Figure 2.3four main phases(Boejang etc, 2019; Wheelwright &
Clark, 1992)
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1. Planning

Usually the initial stage of the NPD process, planning entails outlining the general

approach to creating a new product. This stage prepares the ground for the remaining

NPD steps and makes sure the product is in line with the aims and goals of the business.

Overall, the planning phase is critical to the success of the NPD process, as it sets the

direction and goals for the project, and ensures that the new product is aligned with the

needs of the market and the company's objectives. Prior to the start of the product

development (PD) initiatives, planning is done. It entails tasks including assessing

current technical advancements, market objectives, and business strategy. (K.T. Ulrich

and S.D. Eppinger, 2015).

Product definition:

In this phase, the project's scope, the goal of the finished product, and the target
market are all identified. It entails comprehending consumer wants and creating
a product that fulfils those needs.

Concept development:

This procedure entails coming up with concepts and ideas for the CNC 3D
router. It could involve research, analysis of competitive products, and
brainstorming meetings.

Feasibility analysis:

Examining the CNC 3D router's technical and financial viability is a step in this
process. It involves examining the resources that are available, estimating the
production costs, and figuring out whether the product can be produced within
the intended time frame and price range.

Project planning:

18



This procedure entails creating a thorough project plan that specifies the duties,
due dates, and resources needed to create and introduce the CNC 3D router. It
involves setting up a project timeline, specifying the project's parameters, and

identifying any potential dangers or difficulties.

2. Engineering design

The engineering design phase is a critical component of the new product development

(NPD) process. During this phase, the focus shifts from concept development to

designing the product in detail, and preparing it for production.The engineering design

phase is crucial to the success of the NPD process, as it ensures that the product is

designed in a way that is both functional and cost-effective to produce. It also helps to

identify and address potential issues early in the development process, which can save

time and money down the road. The performance of the system is significantly impacted

by design iteration throughout phases (Baxter G., Sommerville 1., 2011).

Create a detailed product design:

Engineers will produce a thorough design for the CNC 3D router based on the
product concept that was generated during the planning stage. This design will
outline the machine's dimensions, components, and features as well as any
technical parameters that must be met.

Develop a prototype:

The CNC 3D router prototype will be created after the design is finished. Before
the product is released to the market, this prototype will be used to test the design
and find any problems that need to be resolved.

Conduct testing and validation:

19



To make sure the prototype satisfies the necessary requirements, it will go
through thorough testing and validation. Performance testing, stress testing, and
quality testing are some examples of this testing.

IV.  Refine the design:
The design may need to be improved upon and changed as a consequence of
testing. This could entail modifying the CNC 3D router's dimensions,
composition, or specs in order to enhance its functionality or address any
problems that were discovered during testing.

V.  Finalize the design:
A final version of the product design will be produced after the design has been
improved and validated. The CNC 3D router will be produced using this design

and released to the market.

3. Manufacturing engineering

Manufacturing engineering phase is where the product is ready for mass production.
The design and development of the production procedures, machinery, and tools
required to mass produce the new product are part of this phase. The manufacturing
engineering phase, which ensures that the product can be produced effectively and
efficiently at scale, is essential to the success of the NPD process. In order to save time
and money and to guarantee that the final product satisfies the requisite quality
standards, it is also helpful to detect and address any potential manufacturing concerns

early in the development phase (Ulrich K. T., Eppinger S. D., 2015).

I.  Develop a manufacturing plan:

20



The creation of a thorough manufacturing plan for the CNC 3D router is the
initial stage of the manufacturing engineering process. This plan will detail the
methods, tools, and processes that will be employed, along with any quality
assurance measures that will be used.

Il.  Create manufacturing drawings:
Manufacturing engineers will produce precise drawings that outline the
dimensions, tolerances, and materials needed to manufacture the CNC 3D
router based on the product design that was produced during the engineering
design process.

I1l.  Select manufacturing processes:
The CNC 3D router will be produced using a variety of production techniques,
which will be chosen in the following stage. This could entail deciding on
specific gear, tools, and equipment as well as the procedure that will be
followed to create the product.

IV.  Create prototypes and test runs:
Manufacturers will produce prototypes and do test runs prior to beginning full-
scale production to make sure that the tools and processes are functioning as
planned. To find any problems that need to be fixed, this can entail small-scale

testing of the production process.

4. Production

Production phase is the stage of the new product development (NPD) process where the
product is manufactured and brought to market. This phase involves the actual
production of the product, as well as the associated logistics, such as shipping and

distribution. The product is produced using the actual manufacturing method during the
21



ramp-up phase of production. This occasionally calls for a pilot project in which the
product is made on a real production line as if it were a training exercise for production
line workers. It is also a phase where any unresolved production-related issues are fixed.

(K.T. Ulrich and S.D. Eppinger, 2015).

I.  Assembly of components:

The CNC 3D router's parts, including the frame, motors, and control panel, are
put together in accordance with the production plans and instructions. This
entails adhering to the production methods and quality assurance guidelines set
during the manufacturing engineering phase.

Il.  Quality control:
Throughout the whole production cycle, quality control processes are used to
make sure the finished product satisfies the required criteria for quality. At
various phases of the production process, testing and inspections of the product
may be required. Additionally, final inspections may be necessary before the
product is distributed to clients.

I1l.  Calibration and testing:
After being put together, the CNC 3D router needs to be calibrated and tested
to make sure it is operating as it should. This entails putting the apparatus
through a variety of test scenarios and making any necessary modifications to

make sure it is delivering precise and reliable findings.

An effective NPD process has become an important factor for competitive advantage to
to cnc 3d machine manufacturing. The NPD consists of a set of activities within integrated

development phases: product planning, concept development, manufacturing, production, sales
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and distribution, in which a particular product is built based on the customers demand and

requirements

A well-defined NPD is beneficial for several reasons, better product quality, improved
information and communication through task coordination and development team assignment,
better timing for project scheduling, performance benchmarking and reference for future
projects (K.T. Ulrich and S.D. Eppinger, 2015). The goal of the NPD process is to create a new
CNC 3D router product that meets customer needs and preferences, is manufacturable, and is
profitable for the company. The process may involve extensive research and development,
testing, and prototyping to ensure that the product meets the required performance, quality, and

functionality standards.

The NPD process for a CNC 3D router may involve the use of specialized software and tools,
such as computer-aided design (CAD) and computer-aided manufacturing (CAM) software, to
design and manufacture the router. In research, Lee and Chang created a CAD/CAE/CAM
system. They added that this approach might be used in courses as an additional training tool.
(H. S. Lee, S. L. Chang, 2003). The process may also involve collaboration between various
departments within the company, including engineering, manufacturing, and marketing, to
ensure that the product is developed and launched successfully. In investigation, Tseng and

Kolluri created a microcontroller-controlled three-axis CNC router. (Aktan et al., 2016)
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2.4  Concurrent Engineering

Concurrent engineering (CE) is an engineering management concept and a set of guiding
principles that expedite the successful completion of a product development process. (Dongre
et al., 2017). In general, CE values are based on a single, but essential, premise that promotes
the integration of downstream development problems with upstream production concerns. This
would result in quicker development timeframes, better product quality, and lower production-
development costs. The goal of concurrent engineering is to ensure that all development
participants have timely access to crucial design information. For the majority of complex
engineering activities, not all of the important information needed by a particular development
team will be available at the outset of the task.

The capacity to share and discuss important information quickly with the appropriate experts is
therefore essential for CE. Concurrent engineering (CE) is an idea that has been around for a
long and is now universally acknowledged as a key enabler of quick and effective product
development. This study investigates the degree to which CE best practises, as identified by a
thorough literature assessment, are successfully used in businesses. A CE compliance check list
was used to investigate businesses in both Belgium and Italy. The article compares and
comments on the consumption trends in each nations. Additionally, specific data for each sector
is provided. Finally, the positive impact of formal CE programs is proven by the data (Portioli-
Staudacher, A, et, al., 2003).

The idea of concurrent engineering (CE) is the integration of product design, manufacturing,
and support processes. CE is a management concept and a set of guiding principles that
expedites the effective completion of a product development process. One simple but essential
principle underpins the entire CE philosophy and encourages the integration of downstream

problems into the upstream stages of a development process. According to (Hambali et al.,
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2009), if all design processes are carried out concurrently and decision-making across many
groups is integrated, applying the CE can lower costs, accelerate the product development
process, and increase product quality (CTQ). CE does not, however, entail carrying out each
step of the product development process simultaneously.

Educating everyone should be a part of the first palace's methodical and concurrent
concentration on the creation of a product or process (David Juarez, Jesus Segui, Ana Mengual,
Santiago Ferrandiz, 2015). Due to the growing significance of time-to-market, concurrent
engineering (CE), the practise of carrying out dependent product development stages
simultaneously, has emerged during the past two decades as the standard method of new
product development (NPD) (Yanjun Qian, Jun Lin, 2014).

Concurrent engineering is a term that is mostly utilised in the defence sector. Simultaneous
engineering is the term most frequently used in the private sector. Integration Engineering is
sometimes preferred as a means of obtaining integrated engineering. Concurrent engineering is
a natural outcome of increasing global commercial competition, new computerised tools
becoming available, changing social conditions, and increased needs for job satisfaction and

professional growth (M.E.Merchant).

Concurrent Engineering interactions

Figure 2.4Concurrent Engineering Interactions (M.E.Merchant).
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2.4.1 Element of Concurrent Engineering

Concurrent engineering offers a setting that promotes and enhances communication between
many departments and disciplines with the common objective of meeting the needs of
engineering products. The CE concept may generally be broken down into three major
components that can help reduce time, costs, increase product quality, and meet customer

needs., as shown in Figure 2.(Hambali et al., 2009).

. .o V‘ Yase .
Process /-1 Tools and rechnology
« Work strugtusee

« Early problem solving

« Early decision making [ Basic principles of CE

People

« Tcamwork

« Multidisciplmary scam
= Commuanication

« Management suppornt
- Customer and supplier involvement

Figure 2.5Basic principles of CE (Hambali et al., 2009).

1. People

In order to speed up product development, organisations must use the correct
competent employees at the appropriate moment. Concurrent product
development is a multidisciplinary team activity. Finding personnel with the
appropriate qualifications, experience, and the following crucial elements is also

essential.
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Multidisciplinary team to fit the product at the outset of the NPD
Teamwork culture at the centre of the programme

Effective teamwork and communication - sharing current and relevant
information with all staff members and departments

The shared objective of the entire organisation, from top management

to lower levels of the organisational structure

2. Process

A process is a collection of product development processes that must take place

in order to accomplish a task. As individuals are ineffective without processes

to support their activities and decisions, these can include project planning

stages,

milestone management, problem-solving approaches, product

development key stages, information exchange workflow, etc. The procedures

listed below can be used in concurrent engineering:

critical new product development components such as critical design
stages, milestones for cross-departmental interaction, etc., are included
in project planning processes and workflow management.

Information exchange, managing engineering change, preventing
specification creep, etc. are all part of the product data management
workflow.

Monitoring and checking product requirements using methods like
Quality Function Deployment (QFD) across departments

Create workflow methods for evaluation.
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3. Technology

The successful use of tools, techniques, and technologies to facilitate a seamless
integration of people and processes is essential for concurrent engineering to be
successful. These are but a handful auxiliary tools that can be applied in a
concurrent engineering setting.

e Project management software

e Product data management & product lifecycle management suites

e Quality Function Deployment (QFD)

e 3D CAD and rapid prototyping technologies, such as additive

manufacturing
e Suitable FEA tools
e Evaluation tools such as DFM, DFA, DFMA and DOE

e Failure mode analysis tools such as FMEA
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2.4.2 Technologies

Today's industry is finding more and more uses for computer-aided design, manufacturing, and
engineering (CAD/CAM/CAE) technologies. The productivity of engineers and researchers is
greatly increased by these technologies, which also enable their research activities to perform

at greater levels.

Technology used in

engineering design

Figure 2.6Design Software

a) Computer Aided Design (CAD):

From the standpoint of (Najy, 2013), an electronic system called computer-aided design
(CAD) allows for the creation of new components or products from pre-existing ones. It gives
designers the ability to work with exact geometrical shapes, produce unique designs, observe
their work from every angle, and use calculators to simulate how various elements would react
to various stress and strength tests. Users or beneficiaries may use design data stored in memory
to quickly retrieve printed copies of the drawings and specifications relevant to any part or

product.
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b) Computer Aided Manufacturing (CAM):

From the standpoint of (Najy, 2013) Manufacturing that utilises calculators to control
cutting speeds and tool motions is known as calculator-aided manufacturing (CAM). CAM is
frequently preferred over traditional production methods., especially when:

e produced by a number of various components in response to changing or
periodic requirements.

¢ entail a challenging manufacturing procedure.

e On one section, doubling mechanism processes are occurring.

e Expert operator control and expertise are necessary

c) Computer Aided Engineering (CAE):

Design analysis and synthesis methods utilising computers and information technology

(ITs) are referred to as CAE. It is anticipated that CAE technologies would enable designers to

address increasingly difficult, open-ended, or integrated real-life design problems (Kim and

Rezaei, 2008). For the automation of intelligent behaviours, CAE is a type of artificial

intelligence. Creative thinking, on the other hand, is a skill reserved for human designers and is

not covered by design automation. Automating regular tasks allows for the liberation of human

designers through design (Johansson, 2011). Siemens (2016) have summarized the main
advantages of CAE as follows.

e To save money and time, design candidates can be assessed and improved using

computer simulation rather than actual prototyping.
e Early in the development phase, when design changes are less expensive to

implement, CAE can offer performance insights.
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e CAE assists engineering teams in risk management and comprehension of
design performance consequences.

e Integrated CAE data and process management makes it possible for a larger
community to more effectively use performance insights and enhance designs.

e The risk of a warranty being void is decreased by spotting and fixing possible
issues. The expenses associated with the product life cycle can be significantly
reduced when CAE is effectively incorporated into the product and

manufacturing development process.

2.4.3 3D CAD Data

Engineers, product developers, and designers employ 3D CAD (3-dimensional
computer-aided design) technology to produce practical, virtual prototypes of three-
dimensional products. Designers can dynamically construct and alter each component, part, or
assembly of a product using 3D CAD. Other areas of product engineering, including simulation
testing, design and drafting, manufacturing, data management, computer-generated animation,
and more, are facilitated and automated by 3D CAD software. These three-dimensional models
can be rendered to produce photorealistic images for use in sales and marketing materials, sent
to manufacturing as detailed drawings for production, or used in simulation studies to predict
how the object will react to stress and environmental factors. 3D CAD data of KESIDANG
CNC 3d router has been provide in Figure 2.9, Figure 2.10, Figure 2.11, and Figure 2.12 (Lim

Kean Wel, 2023)
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Figure 2.8X-axis (Lim Kean Wei, 2023)
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Figure 2.9Y-axis (Lim Kean Wei, 2023)
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Figure 2.10 Z-axis (Lim Kean Wei, 2023)

2.4.4 Engineering Bill of Material (BOM)

A crucial component of any product is the Bill of Materials (BOM). It has been utilised as a
centre of product data for product design, production planning, procurement, maintenance, and
repair. It can integrate product data throughout the product life cycle (Peng Yong, Gong Jian-
xing, Huang, 2011). The product makers can select different MRO service providers for the
maintenance, repair, and overhaul (MRO) of the manufacturing equipment, and the various
parts of the equipment may be shipped to the various MRO service providers for maintenance.
The MRO system can track and document all maintenance operations for all parts during the
equipment maintenance process, which enables manufacturers to plan production better and
perform equipment maintenance and repairs. Additionally, numerous maintenance data files
have to be included to BOM to track the upkeep actions over the course of the product lifecycle.

(Huang & Shi, 2022)
33



Table 2.1 Table of BOM for Frame (Lim Kean Wei, 2023)

o PART NUMBER DESCRIPTION ar.
1 |¥2_002_1000_01_MAIN BAR_00_PROFILE 30X30 450 MM LONG 4
2 |v2_002_1000_02_HEIGHT BAR_00_PROFILE 3030 1000 MM LONG 2
3 [v2_002_1000_03_LENGTH BAR_00_PROFILE 30X30 740 MM LONG 2
4 |v2_002_1000_04 WIDE BAR_0O_PROFILE 30%30 450 MM LONG 7
5 |V2_002_1000_05_TOP LENGTH BAR_00_PROFILE 30X30 240 MM LONG 2
& |VZ2_002_1000_046_TOP WIDE BAR_00_PROHALE 30X30 490 MM LONG 2
7 |v2_002_1000_07_BASE Z-AXIS_00_PROFILE 30X30 300 MM LONG 4
2 V2 002 _1000_08 BASE I-AXE MOUNT_DD_PROFILE 30X30 490 MM LONG 2
? W2 _002_1000_09_I-AXIS MOUNT_00_PROFILE 30X30 &90 MMM LOMG £
10 |v2_D02_1000_10_CEMTER LAMP BAR_00_PROFILE 30X30 740 MM LONG 3
11 |VZ_002_1000_11_CEMNTER SUPPORT_00_PROFILE 30X30 88 MM LONG 5
12 |W2_002_1000_12 Y-AXI5 CENTER_00_PROFILE 30X30 490 MM LONG 4
13 w2 D02 1000 13 WORK BENCH_DD_PROFILE 425 MM x 240 Mt 2
14 |MirorY2_002_1000_02 _HEIGHT BAR_00_PROHALE 30X30 1000 MM LOMNG 2
15  |=ngle bracket 30x30 STD PART 48
14 |Vis CHC Méx12 CAP SCREW 8
17 |Vis CHC MB8x35 CAP SCREW 50
18 |V CHC M3x10 CAP SCREW 24
19  |Rondelle plate serie M finition Ve 4 FLAT WASHER &M 4
20 |GDR-60-Fstp WHEEL CASTER 4
21 |VZ2_002_1000_14_LEVELING MOUNT PLATE_O01_ALU CASTER MOUNTING 1
22 |EHB3-Méx12-53 BTTH SCREW 15
23 |MirrorV2_002_1000_14 LEVELING MOUNT PLATE_O1_ALU CASTER MOUNTING 2
24 |MirrorMirrery'2_002_1000_14_LEVELING MOUNT PLATE_O1_ALU CASTER MOUNTING 1
25 |Rondelle plate seris M finition U s 8 FLAT WASHER 8
26 |SHBS-M8x12-53 BTTN SCREW 8
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Table 2.2 Table of BOM for X-axis (Lim Kean Wei, 2023)

T PART NUMBER DESCRIPTION ary.
1 W2_002_1300_01_X-AXIS MAIN BAR_01_PROFILE 3050 ALU PROFILE 3090" 774MM 1
2 |V2_002_1300_02_MOTOR MOUNT_O1_ALU ALU BRACKET 70°35"SMM[6SMMLONG) 1
3 |V2_002_1300_03_FIXED START MOUNT_O1_ALU AL £5°24° 16 40MM 1
4 |V2.002_1300_04 FIXED END MOUNT_O1_ALU ALU 65*20°14.40MM 1
5 |V2_002_1300_05_CABLE CHAIN PLATE_0O_MS MS FLAT BAR 119*30°120MM 1
& |V2_002_1300_06_ANGLE BLOCK MOUNT_00_ALU ALU BRACKET £0" 50" 5MM 1
7 |¥2.002_1300_07_LIMIT SWITCH BASE 01_NYLON MYLON BLUE 40°20°15MM 1
8 |v2_002_1300_08_WIRE DUCT SUPPORT_DD_MS IS FLAT BAR 130"2*30MM 2
9 V2002 1300 _09_WIRE STRUCKING_DO_PLSTC EBOMM 1
10 ¥2_002_1300_10_CABLE CHAIN PLATE 00_MS MS FLAT BAR 80°30°50MM 1
11 ¥2.002_1300_11_X-AXIS LOWER BAR_00_PROFILE 2050 ALU PROFILE 3050" 7440MM 1
12 [57BYGHOOT NEMA23 STEPPER MOTOR 1
13 pLOCK BALL SCREW NUT BLOCK 1
14 EF10 LOWER BALL SCREW END MOUNT 1
15 [tk ekl10 UPPER BALL SCREW END MOUNT 1
16 [FU1204-300 With Nut BALL SCREW SET [450MM) 1
17 |Comer bracket 3060 step ALU BRACKET 3040 3
18 |Asseml CABLE CHAIN 1
15 [FHBS-MS5x10-55 BTTN SCREW 4
20 FHBS-M5xB-5S BTTN SCREW 3
21 Wis CHC Méx12 CAP SCREW 5
22 Vis CHC M5x14 CAP SCREW 5
23 Vis CHC Mdx16 CAP SCREW 3
24 is CHC MEx35 CAP SCREW
25 Vis CHC M5x12 CAP SCREW 2
26 is CHC Méx16 CAP SCREW 55
27 Vis CHC M5x20 CAP SCREW 5
26 M4 Nut HEXAGOMAL NUT 4
29 MS Nut HEXAGOMAL NUT
30 |[483-040 SPRING WASHER - M4 22
31 483040 SPRING WASHER - Mé 53
32 Rondelle plate sene M finition U e & FLAT WASHER 53
33 Flex Shaft SHAFT COUPLER (3-3-20MM| 1
34 HIWIN 650M LINEAR HGHISCA LINEAR BEARING SET 2
35 PROFILE LINK PLATE 4040-8 LINK PLATE 4D60-8 5
3¢ PROFILE LINK PLATE 4040-4 LINK PLATE 4040-4 3
37 (V2_002_1300_12 LINEAR STOPPER_0O NYLOM BLUE 25*25°15 2
38 EMO4-Nstp SND4-N 1
39 Vis CHC M4x25 CAP SCREW 4

35




Table 2.3 Table of BOM for Y-axis (Lim Kean Wei, 2023)

N PART NUMBER DESCRIPTION QTy.
1 |v2_002_1200_01_MOTOR MOUNT_01_ALU ALUBRACKET 70°35*5MM [65MM | 5
2 |v2_002_1200_02_FIXED END MOUNT_00_NYLON{BLUE] NYLOM BLUE 65¢20°11.40MM | 2
3 |v2_002_ 1200 03_FIXED START MOUNT_0O_MYLOM([BLUE] |  NYLOM BLUE 45*24*11.40MM | 2
4 |v2_002_1200_04 TOP BLOCK MOUNT_00_ALU ALL PLATE 140°455MM 2
5 |v2_002_1200_05_SIDE ANGLE MOUNT_0D_ALU ALY B“"“C“E[th:gwm [40MM | 5
& |V2_0D2_1200_04_LIMIT SWITCHMOUNT 00_NYLOM{BELUE] NYLOM BLUE 40%25°9 MM 1
7 |W2_002_1200_07_Y-AXIS MAIN_DO_PROFILE 20X40 ALL PROFILE 3040 [50MM LONG) | 2
8 |MakerBot LimitSwitchBoard LIMIT SWITCH MODULE 2
7 |MGNI5 with rail LINEAR GUIDE SET 2
10 |s7BYGHOO1 NEMAZ23 STEPPER MOTOR 2
11 |SFU1204-300 With Nut BALL SCREW SET 2
12 [tk ek10 UPPER BALL SCREW END MOUNT | 2
13 |EF10 LOWER BALL SCREW END MOUNT | 2
14 |BLOCK BALL SCREW MUT BLOCK 2
15 |Alex_spojka_D25 L20 FLEXIBLE COUPLING 2
14 |Vis CHC M5x12 CAF SCREW 10
17 |Vis CHC MEx35 CAF SCREW 8
18 |Vis CHC Mdx14 CAF SCREW 16
19 |Vis CHC MS5x20 CAF SCREW 5

20 M4 Mut HEXAGOMAL NUT )
21 |SHES M4x] 653 12
22 |Vis CHC M3x12 CAF SCREW 24
23 |Vis CHC M5x16 CAF SCREW 1

24 |Vis CHC M3x2 CAF SCREW 16
25 |SHBS-M3xE-53 CAF SCREW 4
24 |V2_002_1200_06_LIMIT SWITCHMOUNT_01_NYLON(BLUE] NYLON BLUE 40%25*9MM 1

27 |SHBS-MSx10-55 BTN SCREW 2
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Table 2.4 Table of BOM for Y-axis (Lim Kean Wei, 2023)

ILEC?' PART MUMEER DESCRIPTION GTY
1 w2 _002 1400 _01_RAIN PLATE O1_ALU ALU PLATE 275%135% 1 5MM 1
2 |V2_0D2_1400_02_TOP PLATE_O1_ALU AL FLATE 135%F0% 150 1
3 [V2_00D2 1400 05 LIME PLATE_O1_ALU ALU PLATE 55%60°20MM 1
4 [v2 002 1400 04 BUSH PIPE_DO_ALU ALU HLLW PIPE D 10*1L D4 *40RM 4
5 [V2_0D2 1400 05 _SPACER PLATE_OO_ALU ALU PLATE 7 530" 25MM 2
& [v2 002 1400 06 SPINDLE MOUNT PLATE 01_ALU ALU PLATE 150%175* 17 MM 1
F V2 002 1400 07 _CABLE CHAIM SPACER_0O_ALU ALU PLATE 402591 SMM 1
8 |v2 002 1400 0P BLOCK SPACER 02_ALU ALU PLATE 155040040000 2
@ V2 002 1400 12 LMIT SWITCH BASE 00 MNYLOM HYLOM BLUE 40*35% 1 TRAM 1
10 [SFEYGHODT HEMWA 23 STEFPER MOTOR 1
11 [thi k10 UPPER BALL SCTREW EMD MOUMT 1
12 |EF1D LOWER BALL SCTREW EMD MOUNT 1
13 [SFU1:204-300 With Mut BALL STREW SET Z40MM 1
14 BLOCK BALL SCREW MUT BLC-CK 1
15 1825 CABLE CHAIM 2
16 [vis CHC M4x10 CAP SCREW 16
17 |Vis CHC MSX16 CAP SCREW 3
18 [vis CHC M&c20 CAP SCREW L
1% [vis CHC MBSO CAP SCREW 4
20 [Vis CHC M4x16 CAP SCREW 20
21 |Vis CHC Ma30 CAP SCREW 1&
22 Vis CHC MSx2s CAP SCREW &
23 [Vis CHC MSx12 CAP SCREW 2
24 Vis CHC M&X30 B
25 [SHBS-MWidx 10-55 BTTH SCREW 4
24 IMETHS-25.51ep PART-DESC 4
27 [4EE-040 SPRIMNG WASHER - M4 42
28 453050 SPRIMG WASHER - M3 ?
29 M4E3-060 SPRIMNG WASHER - Md B
30 |Fiex shaft SHAFT COUPLER [B-B-3004M) 1
31 [HIWIH 250060 LINEAR HIWIH HEH15CSATD 23006M 2
32 |[COOLANT 1
33 |GDIE0XT3-1.5 SPINDLE ER2D 220V SOO00RPM 3.2HM | 1
34 Vis CHC MSx20 CAP SCREW 3
35 |[HG15 STOPPER 2

TROUCTVE Bromimiy SerGor

3d [CHINA_Sensor Inductive Proximity_LJ12A3-4-T.5tp SwitchynLl 12A3-4-F/ A (LM12- 1

FO04ME]ndmm HPH S NE-346Y
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2.4.5 Design Preliminary Approval

The term "Design Preliminary Approval” (DPA) refers to the approval that comes after
the theater's preliminary cost estimates and is meant to signify that the theatre and the director
have approved the preliminary design in light of both financial and creative factors. If the
Preliminary Design concept needs to be modified or changed in order to receive approval, the
Designer will do so and submit the updated work in the same Preliminary Design format as
before. The Theatre must approve in writing and copy the Director when doing so. No more
work on the design may be done before receiving such permission. In essence, approval is a

directive to the Designer to move on to the Completed Design stage.

3D Product

Part
Installation
Sequence
Study

Simulation

Eng. BOM

vs 3D Data . .
Design Preliminary

Approval (DPA)

Tool
Accessibility

Equipment
Concept

Manpower
Study

Ergonomic

Figure 2.11 types under Design Preliminary Approval
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3D Product Simulation

The term "3D simulation technology" refers to a contemporary professional technology
that implements 3D simulation with the aid of a computer by using model theory and certain
pertinent data. With the development of 3D simulation technology, it has become increasingly
common in scientific research across all fields, has started to play a significant role in technical
evaluation of the national computer field, and is increasingly intertwined with national security.
By adopting 3D simulation technology, which is no longer constrained by theoretical studies
and trial experiments, people can differentiate things more objectively. The 3D simulation
concept should always serve as the foundation for the use of 3D simulation technology in the
creation of industrial products (Huang & Shi, 2022), so that 3D simulation technologies can

play a better role.

Design preliminary approval may be related to 3D product simulation. It is an important
tool that can help with the assessment and verification of a product design at the initial approval
stage. Designers can get important insights into the performance, functionality, and ergonomics
of the product by using 3D product simulation as part of the design preliminary approval
process. It assists in minimising expenses, lowering the number of design iterations, and

guaranteeing that the final design satisfies all relevant criteria.
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Part Installation Sequence Study

Numerous industrial uses of Design for Assembly & Design for Manufacture
(DFA/DFM) have been successful. There is some evidence, though, that suggest that not all of
the industrial community has taken the DFA principles' teachings to heart. One investigation
(Barnes et al., 1997) found that on average, Current items undergo more complicated assembly
processes and contain about 50% more pieces than is necessary. Particularly in sectors like
manufacturing, construction, or projects based on assembly, part installation sequence studies
may be pertinent to design preliminary approval. It entails examining the sequence and
technique used to install or assemble components or parts during the manufacturing or
construction process. Designers and stakeholders can evaluate the effectiveness, ergonomics,
and viability of the assembly or installation process during design preliminary approval. It aids
in designing in a way that makes construction or manufacturing processes simple, secure, and

effective.

Tool Accessibility

Tool accessibility is an important factor to take into account when approving a design,
especially when designing workspaces, pieces of equipment, or finished items that need tools.
Accessibility to and use of tools during work or operation is referred to as tool accessibility.
Potential problems with usability, effectiveness, and safety can be found and fixed early on by
addressing tool accessibility during the design preliminary approval stage. It supports
ergonomic concepts, encourages user-centered design, and improves overall usability and

productivity.
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Man power Ergonomic

Considerations for workforce ergonomics may be essential to develop preliminary
approval procedures. To ensure the health and performance of the people using or engaging
with the design, it is crucial to evaluate if the design follows ergonomic principles while
examining a design concept or proposal. Potential ergonomic problems can be recognised early
by including personnel ergonomic concerns in the design preliminary approval process,
enabling the necessary alterations to be made before the final design is implemented. This

ensures that the design fosters user convenience, security, and efficiency.

Equipment Concept Study

It is true that equipment concept studies are important for design preliminary approval,
especially in projects where new machinery or equipment is being produced or suggested. It
entails assessing and investigating various equipment concepts to evaluate whether they are
practical, functional, and appropriate for the intended use. The feasibility, utility, and viability
of the suggested equipment concepts can be evaluated by designers and stakeholders by
conducting an equipment concept research as part of the design preliminary approval process.
It aids in decision-making, design improvement, and ensuring that the project's criteria and

objectives are met by the final equipment design.
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Eng. BOM vs 3D Data

Both 3D data and the engineering bill of materials (BOM) are pertinent to the
preliminary approval of a design, but they have different functions and offer different
information. Eng. BOM includes a thorough breakdown of the necessary parts and supplies,
whereas 3D data delivers a picture of the design. Eng. BOM and 3D data both support design
preliminary approval by permitting assessment of several factors, including component
availability, cost, visual appeal, and functional qualities. They offer crucial data for evaluating

the design's viability, manufactureability, and general fitness for the intended use.

1. Engineering Bill of Materials (Eng. BOM):

A complete list of all the materials, parts, and components needed for a system or
product is included in the engineering BOM. It contains information like part numbers,
descriptions, numbers, and specs. The engineering BOM is frequently referred to and
used in the production, assembly, and procurement processes. It guarantees that all
required parts are present andaccounted for and offers crucial data for cost estimation

and supply chain management. (Haik, Yousef, et al., 2018).

2. 3D Data:

The term "3D data" refers to a digital representation of a three-dimensional design, frequently
produced with CAD software. Drawings, CAD models, and other visual representations of the
design are included. Stakeholders can see the product, look at its geometry, and comprehend its
form, structure, and spatial relationships thanks to 3D data. It is helpful for evaluating the

design's appeal, functionality, and ergonomics. (Douglas Bryden and Peter Childs, 2014).
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2.4.6 Design Manufacturing Interface

The area where the design and manufacturing processes converge and interact is known as the
design-manufacturing interface (DMI). The design specifications are converted into production
procedures and instructions at this stage of the new product development (NPD) process, and
manufacturing feedback is then incorporated back into the design process.

The manufacturing team and the design team collaborate during the DMI phase to make sure
the product is developed with manufacturability in mind. This implies that the design team must
take into account how the product will be produced, the materials and techniques that will be
employed, as well as the method of assembly. The product must be created to meet quality and
legal criteria, according to the design team. In order to choose the optimal production
procedures, tools, and materials to employ when making the product, the manufacturing team
must also analyse the design data. The manufacturing team must inform the design team of any
design elements that might be challenging or expensive to produce.

Within a manufacturing organisation, there are many different functions. Three key roles—
marketing and sales, design, and manufacturing—are involved in the successful product design
and production (Chase et al.,1998) as shown in fig. 2.4. The multiple activities that these
functions complete during the design and production of a product often take place in a
sequential order. Marketing is in charge of determining the demands and trends of the market

today and coming up with fresh product concepts

43



Market Marketing | | Design Manufacturing
research ‘
Marketing ——f R&D
|
A New
productlideas
|
|
| Product
1 i’apac fication
P |
Cidiaamay romotion
market |
A Concept
design
Alter sales \
data |
\ S
Dﬁ‘“” =119 Prototype
| ‘ lesign
|
|| wodity [ Lyl Piiotand Producion|_gf |
Cuatoimon | design test run planning [ »
orders | e T Y
| & Demand data
»
.
Sales |

Figure 2.12 main functions involved in product design and manufacture (Chase et al.,
1998

The specifications for the product and the procedure that were created during the design
and development stage are then given to the production function. The detailed work instructions
required to produce the product will be drafted using these. The manufacturing plant will
thereafter get these for use. Consequently, even though the manufacturing and design functions
are separate, the process planning activity connects them as in fig. 2.5 (McMahon and Browne,

1993). Process planning is the design/manufacture interface in this sequential approach.
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Figure 2.13 process planning - design/manufacture interphase (Addison Wesley
Longman Limited)

The sequential design and production of items has relied on a long product life cycle, or
consistent demand for the product over a protracted period of time. The time it takes to create
and manufacture items, or the "time to market," as it is often called, has forced manufacturing
companies to think of ways to shorten this process. Simultaneous or contemporaneous
engineering is the name for this collaborative strategy based on the usage of cross-functional

teams. The functions of such cross-functional teams include (Evans, 1996):

e Ensuring all team members understand enough about the product functions to

be able to contribute to the design decisions

e Determining the appropriate design and manufacturing methods to use

e Relating all product functions to manufacturing methods
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2.5 Ergonomics

The Greek words "ergos," which means "work," and "nomos," which means "laws of,"
are the roots of the word ergonomics. Therefore, ergonomics can be simply translated as "the
laws of work." The purpose of ergonomists is to fit the demands and requirements of the job to
the abilities and capabilities of the worker. The term ergonomics was first used in literature
(Sluchak, n.d.), a Polish educator and scientist (Sluchak, n.d.). But it wasn't until 1950 that one
of the field's pioneers, K.F.H. Murrell, "reinvented" ergonomics for application in the modern
world. Today, it is challenging to locate a consensus definition of ergonomics. However, the

following definition should suffice:

The study of human behavioural and biological traits is known as ergonomics, and it is used to

determine how best to construct the living and working environments.

Ergonomics and human factors are interchangeable terminology. If a distinction between
ergonomics and human factors is made, it is solely from a historical standpoint. The term
"ergonomics,” as it developed in Europe, typically concentrated on questions of how
employment affected the individual, with the aim of reducing weariness brought on by the job.
Contrarily, human factors in the United States emphasised how people acted in regard to their

working environment and the equipment they came into contact with (Sluchak, n.d.)

However, there is a line that ergonomic experts continue to draw between study and
implementation. Ergonomics is seen as the study of humans with the goal of gathering
information and formulating general rules about human traits. Applying facts and principles to
the design of tools and systems for people is known as applied ergonomics. Applied ergonomics

and human factors engineering are interchangeable terms (Christensen, 1988).
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2.5.1 Distinguishing Features

Ergonomics has two defining characteristics: it is interdisciplinary and takes a systems
approach to the link between people and their jobs. These characteristics work as a unit to

distinguish ergonomics from other fields.
2.5.1.1 Interdisciplinary Nature

In order to get pertinent information about a situation, ergonomics is interdisciplinary
in nature and pulls from all fields of science and humanities. The frequently consulted subject

areas are known as ergonomic databases.

TABLE
Ergonomic Databases
Disciplines Consulted Knowledge Used
* Ergonomics
o Human parfarmance —Mator skills
—Reaction
o Biomechanics —Muscular strength
—Coordination
o Anthropometry —Body dimensions
® Psychology —Attention
—Mativation
o Perception —Sensory recognition
o Cognitian —Memary
—Decision making
® Life Scienceg/Medicine —\igion, audition, ate.

—Human physiology
—Effects of stress

# Engineering —Time and motion analysis
—Equipment design
# Personnel management —Training techniques

Figure 2.14 table ergonomic databases

Ergonomists have access to information on anthropometry, biomechanics, and human
performance within the topic of ergonomics, but they also contact experts from other
disciplines. For instance, ergonomics makes extensive use of psychological research from

several fields to understand how people process and acquire information that is relevant to
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mental tasks. Similar to this, ergonomics utilises knowledge about human
physical/physiological capacities for manual tasks from the life sciences. The ergonomist is
able to approach an occupational environment from a larger, systems viewpoint because of their

openness to draw on information from various disciplines.

2.5.1.2 System Approach

The person is at the heart of the systems approach. The components of the tool, task,
and workstation have an immediate impact on the human. Finally, the total environment is made
up of physical aspects and other managerial or operational elements that may have a direct or
indirect impact on people or other components. The term "workplace™ or "job™ in this article

refers to a grouping of components including a task, tool, workstation, and surroundings.

Ergonomists focus on the human and how the components of the surrounding workplace
affect the human when using the systems approach. The principal worker is typically taken into
account (for example, an assembler, a secretary, or a dock worker), but other employees who
occasionally work nearby and who can be impacted by the workplace are also taken into
account (for example, managers, housekeepers, or installation and maintenance professionals).
To evaluate the influence on the human of all the workplace components, either individually or
collectively, ergonomic databases are used to gather knowledge of human capabilities and

limitations.
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2.6 Anthropometry

The measurement and proportions of the human body are the subject of anthropometry.
Designers may make items that fit a variety of body shapes and sizes by understanding
anthropometric data, which is crucial for assuring comfort and lowering the risk of damage.
According to (Pradu-Lu JLD, 2007), the measurement science and art known as anthropometry
determines the physical geometry, mass characteristics, and strength capacities of the human
body. It entails the methodical measuring of a human body's physical characteristics, especially
dimensional descriptors of body size and shape. For those creating new workplace furniture and
equipment, understanding body measurements is crucial. The optimal design of the work areas
depends on the anthropometric dimensions (Singh, 2013). For the purpose of rationalising the
design of agricultural hand tools and equipment, anthropometric data on female agricultural

workers are especially crucial (Philip GS, Tewari VK, 2000) and (Tewari VK, 2004).

When determining the dimensions of a workstation or design, three key variables—sex,
age, and race or ethnicity—that affect body size variations must be taken into account. If the
equipment or tools are inappropriate for the job, they will exacerbate occupational disorders
despite decreasing labour load. A higher frequency of both acute and subacute cumulative
injuries of the hand, wrist, and forearm is linked to poor tool design and overuse (Singh, 2013).
Hand tools, equipment drawn by animals, and tractor- and power-operated machinery are all
widely employed in Indian agriculture for a variety of tasks. These devices are either controlled
or operated by human beings (Singh, 2013). Anthropometric information can be used to design
equipment properly for increased comfort and efficiency. There are significant differences
between the anthropometric data of Indian and Western people, according to available

anthropometric data for Indian agricultural labourers that could be relevant in farm machinery
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design (Singh, 2013), (Sen RN, Nag PK, Ray GG, 2003) and (Gupta PK, Sharma AP, Gupta

ML, 1983).

2.6.1 Material and Methode

The Herpenden Anthropome was used to measure the anthropometric characteristics of
farm women. These measurements included vertical reach, vertical grip reach, eye height,
acromial height, elbow height, olecranon height, metacarpal height, knee height, arm reach
from the wall, chest breadth, vertical grip reach sitting, sitting eye height, buttock popliteal
length, hip breadth sitting, elbow-elbow breadth sitting, shoulder grip length, hand breadth at
metacarpal The subjects were vetted to ensure that only those in good health, free from
significant illness or physical impairment, would be chosen. Care was taken when measuring
body dimensions to prevent overly compressing the underlying tissues and to accurately record

the measurement (Singh S, Ahlawat S, Pandya S, Prafull B, 2013).

2.6.2 Design Constrain and Criteria

A constraint in anthropometrics is an observable, ideally measurable trait of people that
has an impact on how a certain item is designed. A criteria is a benchmark of judgement that
can be used to assess how well a user and an artefact match. Different hierarchical levels of
criteria can be distinguished. The top general criteria, also known as high-level, general, or

primary criteria, include things like comfort, safety, efficiency, aesthetics, and others.

Practically speaking, the "middle-out™ approach or starting in the centre of the hierarchy
is frequently the best course of action. Therefore, we will focus on four sets of restrictions that,

combined, account for a significant amount of the everyday issues in anthropometrics as a
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whole and ergonomics. Clearance, reach, posture, and strength are the four anthropometrical
cardinal restrictions.

a) Clearance

It is important to leave enough head, elbow, and leg room when constructing
workstations. Environments must allow enough room for mobility and access. Handles ought
to have enough openings for the fingers or palm. These are all restrictions on clearance. A
comparable criterion of maximum allowable dimension to exclude persons (or a portion of their
bodies) is required in a few safety-critical situations. A safety guard on a machine tool would
be an illustration of this, where a maximum gap size would be defined to prevent fingers from
coming into contact with the machine's moving parts.

b) Reach

An apparent example of a reach constraint is the ability to grasp and use controls, as
well as the constraint on seat height described above or the capacity to see above a visual
impediment. The distance at which a display screen should be positioned in order to make the
text on the screen comfortable to read is another illustration of a visual reach limitation. The
object's maximum allowable dimension is determined by the reach constraint.

c) Posture

The link between a person's body measurements and those of the workstation will
influence the person's working posture. Since posture will almost probably be impacted by more
than one aspect of the workplace, postural issues are typically more complicated than clearance

and reach issues.
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d) Strength

The use of force in the use of controls and other physical tasks is a fourth restriction.
Strength restrictions frequently provide a one-way constraint, and this is sufficient to establish

the amount of force that a weak user will tolerate.

2.7 Data Collection

The quality of obtaining results can be overshadowed by the data gathering phase of a
research study because it reduces the likelihood of errors that could come later in the process.
In order to get the right results, a strong study design must also be combined with a lot of quality
time spent on data collecting. This is because incomplete or wrong data make it impossible to
guarantee the correctness of the findings (Taherdoost, 2021). On the other hand, while an
appropriate data collection strategy aids in the planning of sound research, it cannot always
ensure the success of the research endeavour as a whole (Olsen, 2012). The sort of data needed
for the study should be identified before choosing a data collection technique (Taherdoost,
2021). This section seeks to give a brief overview of potential data kinds before exploring
various data collection techniques and sources depending on these categories. Data is the
actualized information in the form of numbers or facts used to analyse for various calculations
and ultimately provide a conclusion to answer the research question or perform a hypothesis
test (Hurrel, 2005). Different methods, including quantitative and qualitative ones, can be used

to categorise data.
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2.7.1 Quantitative data

Quantitative data is defined as numerical data that is produced and computed
mathematically. Quantitative data can be measured using a variety of scales, including nominal,
ordinal, interval, and ratio scales (Kabir, 2016). Scales can also be divided into two main
categories, "Rating Scales and Attitude Scales.” In order to evaluate the points or categories,
rating scales give them a numerical value. On the other hand, more sophisticated techniques
include attitude scales that assess people's dispositions towards any person, phenomena, or item

(Taherdoost, 2016Db).

2.7.1.1 Rapid Upper Limb Assessment (RULA)

Numerous tools that employees use today still do not match their anthropometry, which
can lead to uncomfortable work postures like bending. These unnatural positions are easily
exhausting (Yusuf et al., 2016), musculoskeletal disorders. Workers and farmers frequently

experience fatigue and musculoskeletal issues.

To address these issues, a review of work posture and alternative tool changes were
made in an effort to reduce subjective disorders among workers and speed up work. Utilising
the RULA (Rapid Upper Limb Assessment) approach is just one of numerous work posture
analyses that fit. RULA is a technique for evaluating the posture, movement, and style of a
working activity that involves the use of an upper limb. The risk of abnormality that a worker
will encounter while performing his or her job can be investigated using this method. The
RULA approach allows us to:

a) perform a preliminary analysis to estimate how much the risk of injury elements, such

as posture, static muscular contraction, repeated movement, and style, will affect a

worker.
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b) based on the danger of injury, prioritise the work.
c) By contrasting the evaluation of a work before and after an improvement, you can

determine how much of an impact the improvement had.

This method yields a maximum limit score and a variety of work postures, with limit

scores ranging from 1 to 7 (Yusuf et al., 2016).
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Figure 2.15the result analysis (Liang et al., 2021)
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2.8  Assembly Line

For the purpose of producing standardised goods in large quantities at low cost, the
assembly line concept has been established (Saif et al., 2014). They are the flow-oriented
production systems, in which various activities are carried out on work pieces using specific
production equipment. In an assembly line, stations are the various locations where the
equipment for working on the work pieces is set up. On an assembly line, these stations are
typically placed in a specific order. Production businesses allowed for product customization,
which led to the development of effective flow line systems for low volume products and a new

vocabulary for mass customization has been developed (Saif et al., 2014)

2.8.1 Workflow Characteristic

Based on the characteristics of the workflow, there are two types of assembly lines.

These include paced assembly lines and un-paced assembly lines.

In paced assembly lines, each station moves the finished products to the next station at
the conclusion of its cycle time (CT), which is believed to be the same for all stations. The
duties assigned to some stations in these assembly lines may be completed before time CT, but
these parts must still wait and cannot go to the next station until time CT has elapsed. In these
assembly lines, the finished parts are often moved from one station to the next using a conveyer

belt.

In un-paced assembly lines work pieces are when they have completed a station, they
are transferred to the following station. Based on the movement of the completed parts from
the stations, there are two main kinds of un-paced assembly lines. Un-paced synchronous
assembly lines transfer completed parts from all stations at once. There are no buffers between

55



the stations in these systems because all stations move their completed pieces at the same time
after a set period of time. If the task time is assumed to be deterministic, they resemble paced
lines. Some study has been done in these assembly lines to take the balancing issue and the
throughput estimation into consideration (Urban T L, Chiang W C., 2006). Each station in an
un-paced asynchronous assembly line may have a varied cycle time that is proportional to its
workload. In these systems, it's possible that the subsequent station's work may not have been
completed when parts are finished on one station. In this case, the station that has already
completed its job might have to wait until the subsequent station is ready. Similar to this, if a
station completes its tasks, there is a chance that the station positioned before it may not have
completed all of its tasks. In this instance, the station stays idle until the preceding station can

transmit it its finished piece
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2.9  Time Study

Every business, but notably small and medium firms, has to measure working
hours. At this level, businesses frequently neglect the conventional working hours in their
operations. Working time regulations prevent manufacturing processes from becoming
ineffective, which results in labour and time waste. Working time is measured by keeping
an eye on the company's operations and production processes, as well as how long it takes
to create a product or provide services and how long it takes to complete specific tasks

under typical circumstances (work standards) (Budiman et al., 2019).

Ghozali & Hermansyah (2016) said that one of the crucial factors that the
production system needed to pay greater attention to was working time. Working time
contributes to work productivity and serves as a benchmark for choosing the most effective
way to complete a task. The endeavour to determine the average time required to
accomplish a task is connected to work time measurement. (Febriana, Lestari, &
Anggraini, 2015). According to Tarigan (2015), standard time is the amount of time
required by a worker with the necessary expertise to do a task at a typical level of pace and
conditions, including any rest time, personal needs, and other demands.

Based on these, one approach that needs to be created and used in businesses is working time
measurement since it may create a balance between the human contribution and the output
units produced. The application of this working time measurement technique attempts to
solve the issues that come up during production activities and aid in the improvement of

those activities' effectiveness and efficiency.
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2.9.1 Normal Time

The amount of time needed to complete the task for the operator who worked at the gate,
as determined by searching the first real time. As a result, normal time must be computed
using the ranking elements for performance; in line with ILO regulations, it is helpful to
ascertain the cycle time and the worker threshold (Business & Research, 2017). The
Westinghouse approach will be used for performance rating, taking four factors into account.
A portion of the latter factor is determined by skill and effort behaviour, followed by

consistency and conditions (Business & Research, 2017).

Normal Time = (average element time) x (Performance Rating / 100 )
=(19.24 second) x (1.19 / 100)
= 22.90 second

The normal time for this operation 15 22.90 second

Skill Effort

Al Superskill Al Exoessive
A2 A2

Bl Excellent B1 Excellent
B2 B2

Cl Good C1 Good

C2 C2

D Average D Average
El Fair E1 Fair

E2 E2

F1 Poor F1 Poor

F2 F2

Conditions Consistency

Perfect
Excellent
Good
Average
Fair

Poor

Figure 2.16 Performance Rating Table (Westinghouse)
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2.9.2 Standard Time

Based on the amount of unknown vehicles coming and leaving on that day, as well as the
specified goal standard time turn in and turn out for each vehicle that will be in operation.
Direct measurement with the use of a research to determine the suggested stopwatch time

for the parking service implementation (Business & Research, 2017).

Standard time = Normal time x ( 1 + allowance factor)
=0.0664 minx (1+0.2)
=0.0797 min
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CHAPTER 3

METHODOLOGY

3.1 Introduction

Chapter 3 highlights the research methodologies that will be used to achieve the
RULA method (Rapid Upper Limb Assessment). The upper limbs (shoulders, elbows, and
wrists) as well as the neck and trunk are primarily evaluated using the RULA approach. It
pertains to activities where the operator primarily employs his upper extremities, whether or
not they are moving. Examining how the NPD process, concurrent engineering, and design
manufacturing interface affect project objectives is the practical goal of this study. This
study's objective also to investigate the impact of manpower ergonomics on project
objectives. The quantitative approach use is RULA software. The research technique is
described in more detail, including the ways that data are gathered, including case studies

and the observation of people's posture.
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3.2 The Overall Process Flowchart

A flowchart is a graphic depiction or diagram that uses different symbols, shapes,
and arrows to illustrate a process or system. It offers a visual representation of a process's
decision points, flow of information, and order of steps. A flowchart's goal is to reduce the
complexity of systems or processes into understandable visual depictions. A process is
represented by a symbol. A separate graphic represents each step in the process and gives a

brief description of that step. The top of the flowchart will mark the beginning.

Before starting data collection, the project title is chosen, and the research topic is
studied. Once the survey has been circulated, the data analysis is finished. Figure 3.1 shows
the complete course of the research flowchart. The whole flow study that the researcher

conducted on PSM1 and PSM2 is shown in the process flowchart.
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Study about KESIDANG CNC 3D Router machine

Design preliminary approval selection

.

To study the manpower ergonomic and time study during
assembly Kesidang CNC 3D router

Identify problem statement, objective and research scope

Study literature review

Output the expected data

Data collection

Output of actual data

Data analysis

Conclusion & recommendation

Documentation & presentation

Figure 3.10verall Process Flowchart



3.3  Research Methodology

Identifying the problem

Find out the related literature

\EUG]
decision

Design Manufacturing Interface

Design Preliminary Approval

Manpower Ergonomic

Decide the suitable data collection method

Identify the anthropometric data percentile
of human body

Use RULA for data collection of human
body posture concurrent with time taken

Data analysis of human body posture by
using CATIA

Result and discussion

Figure 3.2 Research Methodology
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3.4  Research Design

This section has provided an explanation of the procedure and methodology
employed in data collection operations. In this study, there are two categories used to
collecting data, secondary data and primary data. After doing a literature search in
prestigious journals, books, and websites, secondary data was acquired. RULA were used
for data collecting method of primary data. In primary data, the anthropometry of human
body also used to help collecting the data. In addition, manikin human builder will be used
as a guideline to use in the CATIA software to get expected result and actual human body

posture when installing the KESIDANG to get the actual result.

3.4.1 Research Stage and Data Collection

According to the research objectives, the study was divided into two main phases as

shown in Figure 3.3.

OBJECTIVES 2:
OBJECTIVE 1: To analyze the relationship

To collect data of time taken & between the ergonomic

during assembly KESIDANG. affecting the length of time
taken for installation to be

performed.

METHOD:
Data collection, time study
and data analysis

METHOD:
Literature review

Figure 3.3Stages research sequence
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The first stage is to to analyze the NPD, concurrent enginnering product
development, and design manufacturing interface of Kesidang CNC 3D router. The
researcher gather the information about Computer Numerical Control (CNC) 3d router that’s
related to the KESIDANG. In the first stage, the researcher provides the information about

3-axis CNC 3d router. All of the information is provided in the literature review.

The second stage is to study about the manpower ergonomic about KESIDANG. In
this stage, the researcher collect data by using the RULA. The researcher takes the
measurement of human body posture to gather the actual data when make installation of
KESIDANG. Before that, researcher gather the predicted data by using the manikin in

CATIA.

3.5  Quantitative Data

The quantitative data aims to achieve the objective of study the manpower ergonomic
and time study during assembly Kesidang CNC 3D router. The data of human posture gather
with time taken when assembly the KESIDANG will be collected. After that the data will
be analyzed. The process begins with collect data of human body posture, time taken during

assembly, analyze RULA, and simulation of working posture using CATIA (see Figure 3.4).
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Collect data of human
body posture during

concurrent

Time taken of each part
assemble

Analyze RULA

Simulation using CATIA

Figure 3.4procedure of quantitative data

3.5.1 Data Collection of Human Body Posture during assembly KESIDANG

Gather all the required information from the descriptions. Interpret each element of
action as depicted in Figure 3.5 that constructs the working body posture correctly before

translate them into score value.

Figure 3.5constructs the working body posture
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Based on results obtained need required to evaluate and score using Figure 3.5 for
each body region in section A for the arm and wrist, and section B for the neck and trunk.
Then it is used to compile the risk factor variables, generating a single score that represents

the level of MSD risk as depicted in Figure 3.6.

TASK FULA SCORE
MO, PLACE SCOEE | TOTAL | IMPEOVEMENT

D-3 [ UFPEE ARM
LOWEF. ARM
WEIST
WEIST TWIST
POSTURE A
HNECEKE
TEUNE

LEG
POSTUREB
Al1-32 | UPPER. ARM
LOWEE. ARM
WEIST
WEIST TWIST
POSTURE A
NECK
TELUNE

LEG
POSTUREE
Al-33 | UPPEE. ARM
LOWEE. AEM
WEIST
WEIST TWIST
POSTURE A
MHECK
TEUNE

LEG
POSTUEE B

Figure 3.6 The risk factor score for posture A and B
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3.5.2 Time Taken During Assembly KESIDANG

Typical lead times estimation is in the 4-5-month range. For each part of
KESIDANG, the time taken will be recorded when assemble the frame (Figure 3.9), x-axis
(Figure 3.10), y-axis (Figure 3.11), and z-axis (Figure 3.12). The stopwatch will be used to

record the time (see in Figure 3.13). The time taken will be recorded in the table below (table

3.1)

(—\ : o
NN
S
35772
’

Figure 3.8X-axis
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Figure 3.10 Z-axis

Figure 3.11 Stopwatch
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Table 3.1 Table of time taken

NAME: Drate of sady PIC.:
Preparsd By: Diata: Checked By: Approved By
TIME STUDY (MAIN FRAME ASSEMBLY) i Majihah 2003
(Mazrin 177772023
Easheegah
Time {min)
No Process Desciption . - . o Normal time (Mormal time =| Std Time (Std fime =Nomal
Lats) d(s) 3l Average Average time x Rafing factor) | ome x { 1 +allowance factorl)
Anached both V2_002_1000_03_LENGTEH BAR_00_PROFILE 30330 to
Al | four'V2_002_1000_01_MATN BAF. (0_PROFILE 30030 and two
V2_002_1000_08_BASE E-AXIS MOUNT_00_PROFILE 30330
134 0] 6767 7443 8032
Al-2 Inzert the cap screw size ME x 35
92| &5} 5233 1.57 60.08
Anached both VZ_002_1000 02_HEIGHT BAR. 00 PROFILE 30230t
Al-3 V2_002_1000_06_TOP WIDE BAE, 00_PROFILE 3030330 and mwo
V2_002_1000_04_WIDE BAR. 00 PROFILE 30330 i . o .
197 125 107 33 118.07 141.68
Al4 Inzert angle bracket with cap screw size M8 x 12 and flaf washer 6.0
43| 30| 2433 26.77 212
Al | AddmeoV2 002 1000 12 ¥-AXIS CENTER 00 PROFILE 30%530 fo both
7| V2_002_1000_02_HEIGHT BAR._ 00 PROFILE 30330
23| [ 4833 53.17 63.80
Al-§ Insert the cap screw size ME x 35
30| 23 176 19.43 1332
Anached both VZ_002_1000_02_HEIGHT BAFR_00_PROFILE 300030 o
AlT V2_002_1000_06_TOP WIDE BAR._00_PROFILE 300030 and two
V2_002_1000_04_WIDE BAR._00_PROFILE 30330
147 125) 107 33| 118.07 141.68
Al-B Insert angle bracket with cap screw size M& x 12 and flat washer 6.
43 30| 2433 26.77 112
Al Add tero V2_002_1000_12_¥-AXIS CENTER, 00 PROFILE 30330 to both
) V2_002_1000_02_HEIGHT BAR, 00_PROFILE 30330
23] B2 43 33 5317 63.80

3.5.3 Analyze RULA

The RULA Workers Assessment Worksheet is shown Figure 3.12. Segment B is used

to analyse the neck, trunk, and legs, while segment A is used to analyse the upper and lower

arm, wrist, and hand. With the help of the posture position diagram, each body part is

independently scored.
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ERGON@MICS RULA Employee Assessment Worksheet — 7as Date
PLUS
: N Scores i
A. Arm and Wrist Analysis W B. Neck, Trunk and Leg Analysis
Step 1: Locate Upper Arm Position: TableA ; - 3 - Step 9: Locate Neck Position:
o 02 s o terwn
Ia) N ) e - 3 ” S
) +2 E \) Vd +2 ‘)72._ = Uspes Wrist Wrist Wrist Wrist| +1 (] 2 (7} +3(; N 4 1
s ) £7) O S alf;j A ":m"" Twist Twist Twist Twist F ! ). g Neck Score
| N / [ — rm ( ( ( +4 ((
x...nm/¢3 8‘ \\ 3‘ i Wzllzla 212 i A A $ 4 A
AN ) \\ +3 ([ +4 1 1222233 3| SepdaAdust.
20 20° 20 ' 20480 \ \ 1 BN > 2 223333 If neck is twisted: +1
Step 1a: Adjust... 3 5T 3(313]814]2 If neck is side bending: +1
If shoulder is raised: +1 1 313133314 lala Step 10: Locate Trunk Position:
If upper arm is abducted: +1 ; @
If arm is supported or person is leaning: -1 UpperAem S 2 2 33333444+ 2 2 +3 +4
Step 2: Locate Lower Arm Position: B 3 4(4]414/4]5]5 ' Jameo \x
o " 1 3 34444655 ™ 3 >
3 203 4 4 44455 [ ! 4 2 60"
3 4 4 4 44555 \{
4 Step 10a: Adjust...
4 4 4 4
L 4 ALK If trunk is twisted: +1
4 2 414|4/4/4/5/5|5 If trunk is side bending: +1
B 4 4 4 555 66 Step 11: Legs: Trunk Score
1 S{5|5|5(5({6(6|7 If legs and feet are supported: +1
Step 2a: Adjust... 5 2 516/6/616(777 If ngr +2 i
If either arm is working across midline or out to side of body: Add +1 3 TR =
Step 3: Locate Wrist Position: P 5 B 65i6/6(7/7(7|7|8 Neck el et ] Leg Score
i i« T\ @ 7 7 7 7 7 8 8 9| |Poswre L:p s u; L:p L;s pr
--------- -L% = M add+1| 6 Bl 3 3 8838 999 Soore: [Pt T T
# 5 Bl 2 9 9 9/9/9/9/9 1 132334556677
Step 3a: Adjust... 2 1€ +3 M./ Neck, Trunk, Leg Score 2 2(3/2345556777
If wrist is bent from midline: Add +1 Table C ST BN 333445566777
Step 4: Wrist Twist: M1 23 3 4 55 ; EAEAESK 25 é ; ; ; z z :
: £: 71771717
Ifwrist s twbrei 'S:‘;';“,’:gf,’g: 42 WristTwistScore  Wrist Score ; ; i ; 44 : : 6 8888888990999
3 4 4 Step 12: Look-up Posture Score in Table B:
Step 5: Look-up Posture Score in Table A:
Using values from steps 1-4 above, locate score in Wrist/Arm 4 3 3 3 4 5 6 6 IL)smg values_1r9rm Isreps 9-11 above,
Table A Score 5 4 4 4567 7| ocate score in Table B Posture B Score
Posture Score A B s 4 566 7 7 Step 13: Add Muscle Use S
Step 6: Add Muscle Use Score - tep 13: uscle Use Score
If posture mainly static (i.e. held>10 minutes), 5 5/6 6|7 7|7 If posture mainly static (i.e. held>10 minutes),
Or if action repeated occurs 4X per minute: +1 & 5 5 677 77 Or if action repeated occurs 4X per minute: +1
1
Step 7: Add Force/Load Score Muscle Use Score | corings (final score from Table €) Step 14: Add Force/Load Score Mo
If load < .4.4 Ibs. (intermittent): +0 12= ac‘ceplable oSture If load < .4.4 Ibs. (intermittent): +0
If load 4.4 to 22 Ibs. (intermittent): +1 a4 - farther i "( [ ha be ded If load 4.4 to 22 Ibs. (intermittent): +1
If load 4.4 to 22 Ibs. (static or repeated): +2 T SiNsstigatin CHuge may bersece: If load 4.4 to 22 Ibs. (static or repeated): +2
If more than 22 Ibs. or repeated or shocks: +3 Force / Load Score | -0 = further investigation, change soon If more than 22 Ibs. or repeated or shocks: 43~ Force /Load Score
7 = investigate and implement change
Step 8: Find Row in Table C Step 15: Find Column in Table C
Add values from steps 5-7 to obtain Add values from steps 12-14 to obtain
Wrist and Arm Score. Find row in Table C. Wrist & Arm Score o Neck, Trunk and Leg Score. find Column in Table C. Neck, Trunk, Leg Score

Figure 3.12RULA Employee Assessment Worksheet

The outcome of the RULA assessment tool is the final RULA Score, which is a single
score that quantifies the amount of MSD risk for the occupational task under review. The
RULA score ranges from 1 to 7, with 7 being the highest possible. The chart below displays

the RULA level of MSD risk descriptors and cut points (see in Figure 3.13).

Score Level of MSD Risk

1-2 neglibible risk, no action required

3-4 low risk, change may be needed

5-6 medium risk, further investigation, change soon
6+ very high risk, implement change now

Figure 3.13RULA Assessment Limitations
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3.5.4 Simulation of Working Posture Using CATIA

A CAD programme called CATIA (Computer Aided Three-dimensional Interactive
Application) is designed to improve ergonomic body posture in the industrial industry.
CATIA users can create 3D models of items and workstations that can be used to assess and
enhance the ergonomics of the design. By employing CATIA to create an ergonomically
sound workplace, the organisation may reduce the risk of musculoskeletal ilinesses and boost

employee comfort and productivity. The creation of a manikin structure is the step depicted

in Figure 3.15

Right

Figure 3.14 RULA Analysis by using Catia
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Ergonomic design &
analysis

Human builder

Insert information

Figure 3.15Flow to develop manikin structure

.1nfrastructure

. Mechanical Design
i Shape
/. Analysis & Simulation
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Eguipment 8 Systems
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“ Machining Simulation
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F&‘E Human Posture Analysis
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Figure 3.16 Ergonomics module on CATIA V5



New Manikin ? x

Manikin | Optional I

%‘ Father product: | Product1(Product1)

Y Manikin name: [Man-knnl

Gender: PN~
Percentile: 50 E‘

@ 0K | & Cancell

-

Figure 3.17 Manikin insertion for the study

3.6 Summary

In this chapter, the quantitatve data approach was used. The data collection of human body
posture by uisng the RULA concurrent with time taken by using the stopwatch when
assembly activities will be recorded into the table. The Osmond Ergonomic software will be
used to analyze the data collection of RULA. Simulation of working posture by using the
CATIA will be used to design the manikin structure of human body posture when assembly

the KESIDANG.
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CHAPTER 4

RESULTS AND DISCUSSION

4.1 Introduction

This chapter discusses about the gathered data of actual result. Methode using the RULA as
the primary tool to collect data of human body posture concurrent with time taken by using
the stopwatch. The Osmond Ergonomic software used to analyzed the data of human body
posture. Beside that, the used of CATIA actually to design the manikin posture of human

body that related to actual posture when assembled the KESIDANG.

4.2  Actual Result

The actual result gets after make assembly for all sub assembly in Kesidang. The actual
result of RULA for human body posture and time taken during assembly Kesidang CNC 3D
Router.

4.2.1 RULA for human body posture

The ergonomics analysis in the process assembly KESIDANG CNC 3D Router based on

CATIA used for the actual result.
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Table 4.1 Main Frame RULA Posture

TASK

RULA SCORE

TIME (5)

ACTUAL PICTURE

NO.

PLACE

SCORE | TOTAL | IMPROVEMENT

1st 2nd

SIMULATION

Al-l

UPPER ARM

LOWER ARM

WRIST TWIST

WRIST

POSTURE A

Investigate and
change

NECK

immediately

TRUNK

LEG

POSTURE B

Al2

UPPER ARM

LOWER ARM

WRIST

WRIST TWIST

Investigate

POSTURE A

5 further and

NECK

change soon

TRUNK

LEG
POSTURE B

ol V5 (o) IS R (V) (VR (VS FC) (S (VR P (Y (S [0 [V (V%)

92s 633

Al3

UPPER ARM

LOWER ARM

WRIST

WRIST TWIST

Investigate
POSTURE A - 4 finther

NECK

rafrafraro

TRUNK

LEG

POSTURE B

[ [ o | = |00

197s 1255

Table above show the data of RULA posture during installing the main frame. The total
score for Al-1 got 7 means that harm to IV and should immediately improve to get suitable
posture. The total score for A1l-2 got 5 means that in a medium risk to IV and further

investigation, change soon to get suitable posture. The total score for A1-3 got 4 means that

in a low risk to IV and change may be needed to get suitable posture.

Table 4.2 X-Axis RULA Posture

TASK RULA SCORE TIME (5)
NO. PLACE SCORE | TOTAL | IMPROVEMENT | 1st 2nd
B-1 | UPPER ARM 3 3 Investigate further | 27s 23

ACTUAL PICTURE

Acceptable

POSTURE B

B3

UPPER ARM

255 221

3 Investigate further

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

ol Y [ S [ [ (5 [V

LEG

Table above show the data of RULA posture during installing the X-axis. The total score for

B-1 got 3 means that in a low risk to IV and change may be needed to get suitable posture.

POSTURE B -

265 243
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The total score for B-2 got 2 means that the posture acceptable to IV and no need to change
the posture. The total score for B-3 got 3 means that in a low risk to IV and change may be

needed to get suitable posture.

Table 4.3 Y-Axis RULA Posture

TASK RULA SCORE TIME (5) ACTUAL PICTURE SIMULATION
NO. PLACE | SCORE | TOTAL | IMPROVEMENT | st | 2nd
C (a)- | UPPER ARM
1 [LOWER ARM
WRIST
WRIST TWIST
SCORE A
NECK
TRUNK
LEG
SCOREE [Nl
C (a)- | UPPER ARM
2 [LOWER ARM
WRIST
WRIST TWIST
SCOREA _|NNoWl|
NECK
TRUNK
LEG
SCOREE [Nl
C (a)- | UPPER ARM
3 [LOWER ARM
WRIST
WRIST TWIST
SCOREA ||
NECK
TRUNK
LEG
SCORE B

3 Investigate further 39 33

e |6 | [ | o [0

3 Investigate further 63 57

[ 1N o

[t [t

6 Investigate further 79 62
and change soon

[ Y 1Y (S

(2 [ (%Y PG

Table above show the data of RULA posture during installing the Y-axis. The total score for
C(a)-1 got 3 means that in a low risk to IV and change may be needed to get suitable posture.
The total score for C(a)-2 got 3 means that that in a low risk to IV and change may be needed
to get suitable posture. The total score for C(a)-3 got 6 means that in a medium risk to IV

and further investigation, change soon to get suitable posture.
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Table 4.4 Z-Axis RULA Posture

TASK RULA SCORE TIME (SEC) ACTUAL PICTURE SIMULATION
NO. PLACE SCORE | TOTAL | IMPROVEMENT | st
D-1 [ UPPER ARM 1 6 Investigate further | 843
LOWER ARM 2 and change soon
WRIST 1
WRIST TWIST 1
SCORE A -
NECK
TRUNK

LEG

SCORE B

D-2 | UPPER ARM
LOWER ARM
WRIST
WRIST TWIST
SCORE A
NECK
TRUNK
LEG
SCORE B -

D-3 | UPPER ARM
LOWER ARM
WRIST
WRIST TWIST
SCORE A |
NECK
TRUNK
LEG

SCORE B -

Investigate further 32

i [ [ [ o | v 3 [ [ e [0 [
w

3 Investigate further 25

R 1SN S (%Y

Table above show the data of RULA posture during installing the Z-axis. The total score for
D-1 got 6 means that in a medium risk to 1V and further investigation, change soon to get
suitable posture. The total score for D-2 got 3 means that in a low risk to IV and change may
be needed to get suitable posture. The total score for D-3 got 3 means that in a low risk to

IV and change may be needed to get suitable posture.

4.2.2 Time study

The time taken during process assembly Kesidang CNC 3D Router by using the stopwatch
used for the actual result. Aims to record the time for each work instruction when performing
the installation of the KESIDANG. For the time recorded for both units, a graph can be
produced. After that, normal time and standard time will be calculated after getting the

average value.
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Table 4.5 main frame

MNAME: Diate of snady: PIC.:
Prepared By Diata: Checked By: | Approved By
TIME STUDY (MAIN FRAME ASSEMBLY) = il
[Fashesqah
Tame (i)
Ko. Proces: Descripion Normal time (Mormal ime =] Std Time (5td time =Hommal
Lsts) nd(s) 31 AVEREE | 4 oress fime x Rating factor)| fmex ( 1+ allowancs factor))
Anached both V2_002_1000_03_LENGTH BAR,_00_PROFILE 30530 to
Al-l | four'V2_002_1000_01_MAIN BAR_00_PROFILE 30730 and two
V2_002_1000_08_BASE Z-AXTS MOUNT_00_PROFILE 30330
134] &9 6767 7443 8932
Al2 Insert the cap screw size ME x 35
92| &3] 5233 5157 G9.08
Anached both V2_002_1000_02_HEIGHT BAR_00_PROFILE 3030 to
Al3 | V2 002 1000_06 TOP WIDE BAR_00_PROFILE 300530 and two
V2_002_1000_(4_WIDE BAR_00_PROFILE 30050 i )
197 1235 107 33| 118.07 141.68
Al4 | Tnsertamele bracket with cap screw size M x 12 md flat washer 64
43| El 2433 26.77 3212
ALs | -AddtwoV2 002 1000 12 Y-AXIS CENTER_00_PROFILE 303530 to botn
* | w2_002 1000 02 HEIGHT BAR 00_PROFILE 30330
83 2| 43833 5317 6380
Ald Insert the cap screw size ME x 35
30 b 17.67 19.43 532
Amached both V2_002_1000 {2 _HEIGHT BAF. 00 PROFILE 30330 0
Al-T W2 002 1000 06 TOP WIDE BAF._00_PROFILE 30330 and two
V2_002_1000_04 WIDEBAR_D0_PROFILE 30350
197] 125] 107 33| 118.07 141.68
Al-B Insert angle bracket with cap screw size M x 12 and flat washer 66
43| 30| 2433 2677 3212
ALp | AddtwoV2 0021000 12 Y-AXIS CENTER_00_PROFILE 303530 to botn
V2_002_1000_07_HEIGHT BAR_00_PROFILE 300230
83 2] 438 33| 5317 6380
140.00
12267
116.00
12000 107.33 107.33
100.00 86.67 33.683.67
B0.00 g7 67
60.00 52.33 53.33 55.00
4833 4833
43 67 48.00
40.00 33.00g 33133 34.67
24.33 2433 ) 26.00 26.67
17.67 1767 g 32038 2038
20,00 I I I I I I - oE I 7676 35100
000 i nel
WY AV WP AP W AR R WD R AV O N \,@ » '\.‘5 R T A R A
kel S o S S S S S S S S S S vvvvv—vv—vvvvvvv—v

Figure 4.1Main Frame Graft
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Normal time for Al1-1:

_ _ _ The rating
Normal time = Average time x Rating factor factor for all
labor is 1.1
=67.67x1.1
=74.43s

Standard time for Al1-1:

The allowance
factor for all
labor is 0.2

Std time =Normal time x (1 + allowance factor)

=74.43 x (1 +0.2)

=89.32s

The graft can produce after getting the average of time for 1%t and 2" unit of KESIDANG.
From the graft of main frame, A1-32 is the highest. This is because it takes a long time due
to difficulties during installation and requires many steps. A1-30 is the lowest because it

takes a short time due to little steps.
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Table 4.6 Y-Axis
NAME: Dz of study: FIC.
Preowed By D (Chedied By: | Approved By:
1ir Majihah
TIME STUDY (RIGHT Y-AXIS ASSEMBLY) iy -
Rashesgah
Time (=n)
Normal fime Std Time (Std
Ha. Process Descripdon . (Mol tme = e =Nammal
Ist Ind 3d Averazs X fime & tmex(1+
Fadnz facior)  [allowance facior))|
Tnsert the CAP SCREWS Mdx14 inte the LINEAR. RAT. and slid= in the
Ci-l | LINEAR RAT imto V2_007_1200_07_Y-AXTS MATN_00_PROFILE
303060
3 31 Fi] 18.67] 20.33) 1284
i Meazume the distancs and adjust the posttion of LINEAR. FATL as per the
®2 | e
8 EL 31.67] 34.83) 41.80)
s | CampV2 002 1300 07 Y-AXTS MAIN 00 PROFILE 30X60 and set up
the Ciial Gauge Indicator on the milling machina,
9 53 4400 4540 58.08
Cops | Cobmthepositon of the LINEAR RAIL on the V2_000_1300 07 Y-
ATYTS MATN_00_PROFILE 30360 and tishten the screws.
1335 1064 0067 B79.83) 1055.54
€ @5 Attach V2_002_1200_01_MOTOR. MOUNT_01_ALU a
i V2_002_1200_07_Y-ATS MATW 00 PROFILE 303050 with MFX10.
el 309 1433 246.77) 204,12
Atach 'VI_D02_1200_03_FIXED START MOUNT_(0 NYLON(BLUE) on
C(bl6 | V2002 1300 07 Y-AXTS MAIN () PROFILE 30350 with CAP
SCREWS M5X11. )
383 318 234,00 25740 30B.88)
Attach V2_002_1200_02_FIVED END MOUNT_00_NYLON(ELUE) ca
CT | V2002 1300 07 Y-AXTS MAIN (00 PROFILE 30350 with CAP
SCREWS M3X12.
15 19 14.47) 14.13] 18.34
Attach UPPER. BALL SCEEW END MOUNT oo the
CibE | V2002 1200 03_FIVED START MOUNT 00 NYLON(ELUE) with CAP
SCREW MEX3S. _
101] 5] 62.33] 68.57] 82,28
C ()2 Attach BLOCE o SFU-1204 with M4X16.
32 29 20.33] 22.37] 14.84
Y-Axis
500.00
T93.57
200.00
700.00
600.00
S00.00
400.00
300.00
224 .334.00
159.00
200.00 11200 136.67
93.67 . 836Fc g7 5533 5500
100.00 ?4 £233 6533 58 3%5 33
186716 14.67 2-:133I I1133I2DG?I I19mI2933 I
0.00 u

|
.‘y'b__':-:%'a_ﬂ:}a_.@\'},,_ﬂ

Hoakm b A
B P
L

el
Pl

Figure 4.2Y-Axis Graft
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Normal time for C(b)-1:

) ) ) The rating
Normal time = Average time x Rating factor factor for all
labor is 1.1
=18.67x1.1
=20.53s

Standard time for C(b)-1:

The allowance
factor for all
labor is 0.2

Std time = Normal time x (1 + allowance factor)

=20.53 x (1 +0.2)

= 24.64s
The graft can produce after getting the average of time for 1st and 2nd unit of KESIDANG.
From the y-axis graft, C(b)-4 is the highest. This is because it takes a long time due to
difficulties during installation and requires many steps. C(b)-13 is the lowest because it takes

a short time due to little steps.
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Table 4.7 X-Axis

HAME: Datz of srudy- | PIC
Prepared By:  |Dlate: Checked By: Approved By:
- , x [2ur Majihah
TIME STUDY (X-AXIS ASSEMBLY) [{2l° N
Rashssqah
Time {min)
Normal ime |S¢d Time (Std]
Ho. Process Desci (Mormal tims |tme =Nommal
° B L o It Ind 3nd AVErAgE =Avemze | tmexn{l+
tmme x Bating | allowance
factor) factar))
Artach VI_002_1300_01_X-ANI3 MADY BAR. and
B-1 [V2_002_1300_11_X-AXTS LOWER BAF with distance
47.5MM from the end of MADY BAR.
17 23 16,67 1833 22008
Attach PROFILE LINE. PLATE at k=ft on the assembly BAR.
B-2 |95mm fom end of LOWEER. BEAF. Attach spring washer M6
and tight nsing Cap Screw Mzl 6.
255 1 158.67 17453 20944
With the dismnre between the plates B7 5MM artach another
B-3 |PEOFLLE LINK PLATE. Put spring washer M6 and tight
using Cap Screw Mzl é.
265 43 16833 18627 135
B4 |Bepeat the process with another 3 PROFILE LINE PLATE.
1210 1081 717100 4810 1017.72
Rutate the assembly BAR Anach PROFILE LTNE PLATE
B at the left side with distance 39MM from the end of LOWER,
BAR Attach sprins washer M5 and tight with Cap Sorew
MeulE. 430 36 26047 28673 34409
B4 P.ep=at the process with another 2 FROFILE LINE FLATE
with distance betwesn plate is 100N
147 43 170.00 187.00 124,40
B-7 |Placs RAL on top of the V2_002_1300_01_X-AXIS MADY
364 320 22833 25227 32.72
B-B  |Atthe left side the distance berween FATL and end of MATN
2N 143 173,040 18030 8.3
X-Axis
1200.00
99033
1000.00
BOD.00 771.00
500.00
400.00
260.67
229.33
20000 1sedse33fl 17000 7I.00RiELET
116.33 114.00 105 &1 67 14133 115.00 111 £8133
74.00 91-5:5&? wapmersss 78.00
15.67 I ILB.SSIEE-EEWI '13.&?' I : i mGI IMDI I
0.00 - [ ] " I - I I I I [ | .
o doemseoneagdynINenEeA8EYsI085888 Y
bbb ddddSd L)Ll ddd e ddddddd DD

Figure 4.3X-Axis Graft
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Normal time for B-1:

_ _ _ The rating
Normal time = Average time x Rating factor factor for all
labor is 1.1
=16.67x1.1
=18.33s

Standard time for B-1:

The allowance
factor for all
labor is 0.2

Std time = Normal time x (1 + allowance factor)

=18.33x (1 +0.2)

=225
The graft can produce after getting the average of time for 1st and 2nd unit of KESIDANG.
From the x-axis graft, B-9 is the highest. This is because it takes a long time due to
difficulties during installation and requires many steps. B-1 is the lowest because it takes a
short time due to little steps. B-16 and B-30 zero value because doesn’t have step during the

installation.
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Table 4.8 Z-Axis
IAME: Date of study: FIC.:
Prepared By:  [Dare: Cherked By: Approved By:
r - r Nur Majihah
TIME STUDY (Z-AXIS ASSEMBLY) Nazin 17720
Rashesqah
Tme (min)
Ho. Process Description ~ N i Normal time (Nomal time = | Std Time (3id time =Normal
Lat nd ird Average Average ime % Ratmng factor) | time = ( 1 + allowance factar))
D-1 |calibrate linear rail for the Z-axis
843 743 318.47 381.53 97,54
D2 arach the V2_002_1400_05_SPACER. PLATE_00_ALU to the
™ [bottom V2_002_1400_01_MADN FLATE_00_AL
32 30 20,57 11.73) 27.18
0.3 |MmcBEF10_S BLOCK to the V2_002_1400_05_SPACER
[FLATE_00_ALU
25 13 14.97 16.13] 10364
D4 |use the cap sorew MEx30
74 38 43 33 47.67) 573
D-3  |imsert the Ballscrew throush the Block
146 135) 03.47 103.03 123,64
D-6  |insert the Ball Mt through the Ballscrew and atrach it with the Block
3 309 221.00 M3 M7
D-7  |use the cap sor=w M4x14
1 34 43.47] 45.03] 57.64]
D-8  [insert the ek10 BLOCK to the Ballscrew
208 174} 128.00 1408 168.94
Deg artach the V2_002_1400_05_SPACER PLATE_00_ALU to the top
V2_002_1400_01_MAINPLATE 00_ALU
243 215 3333 168.67 20244
0 attach the ek 10 BLOCK to the V2_002_1400_05_SPACER
" |PLATE_o0_ALU
142 ] 9233 121.88
D-11 |use the cap screw MExS0
37 2 19.47 11.63] 25.06)
ol arach the V2_002_1400_02_TOP PLATE_01_ALTl to the
= |W2_002_1400_01_MATN PLATE_00_ALU
103 o1 64.47 7113 85.364
Z-Axis
S00.00
52867
S00.00
A00.00 JB1e7
317.00
00.00 28533
23333
221.00
2088933
200.00 175.00
153.33
128.0 30.08 26.00 112.00
936 233 '
100.00 T 87.00 86.33
433] pes " Brog 350 57.00
p0.£7 67 . ssfood § ps33ef F-°7 1565 co0 P02 5.00
A1 AR s s I N
0.00 [ | | 1 1 = - = n

D1 D2 D& D-7

Figure 4.4 Z-Axis Graft
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Normal time for D-1:

_ _ ) The rating
Normal time = Average time x Rating factor factor for all
labor is 1.1
=528.67x 1.1
=581.53s

Standard time for D-1:

The allowance
factor for all
labor is 0.2

Std time = Normal time x (1 + allowance factor)

=581.53x (1 +0.2)

=697.84s

The graft can produce after getting the average of time for 1st and 2nd unit of KESIDANG.
From the z-axis graft, D-1 is the highest. This is because it takes a long time due to
difficulties during installation and requires many steps. D-33 and D-36 is the lowest because
it takes a short time due to little steps. D-24 and D-25 zero value because doesn’t have step

during the installation.
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total total
normal standard

process Total average |time time

main frame 1579.67] 1737.63] 2085.16
y axis right 2554000 2809.40] 3371.28
y axis left 2604000 286440 3437.28
¥ axis 4661.67] 5127.83] 6153.40
Z ais 4271000 4698.10] 5637.72

Sub-Assembly KESIDANG

TO00.00
6153.40
£000.00 S637.72
5127 | BEI
46616 46981
5000.00 2371,
4000.00 33712 343728
9. m
3000.00 2554 250-1?(5?4
2085.16
200000 E?Bﬁ? 53 l
1000.00
0.00
main frame y axis right y axis left ¥ axis T anis

M Total average M total normal time M total standard time

Figure 4.5 Overall Graft

From the graft overall of sub-assembly KESIDANG, the x-axis graft of total average, total
normal time and total standard time is the highest. This is because x-axis has many parts and
need more step to assemble. Main frame is the lowest compare to the others sub-assembly

because main frame has a little part and no need more step to assemble.

87



4.2.3

Improvement of human body posture

The improvement makes in RULA of human body posture to overcome the problem that

happened during assembly KESIDANG CNC 3D Router.

Table 4.9 Improvement of Human Body Posture

Task
no.

Rula score

place

score | total

Al-

upper arm

w

lower arm

wrist

wrist
twist

posture a

neck

trunk

leg

posture b

12

upper arm

lower arm

wrist

wrist
twist

RPWOWW|ID|RPWhrBA P WW

posture a

neck

trunk

leg

posture b

Actual picture

Simulation New simulation
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Table 4.11 show the human body posture before and after improvement. Before the
improvement, we can see that some of the worker posture during assembly the KESIDANG
CNC 3D Router are not suitable during installation is carried out.

For the example, when attach length bar to main bar and Z-axis mount does not have any
support to the body or worktable during assembly the main frame. This will cause the
worker's body to be hurt or injured and take a long time to finish the process assemble due
to non-ergonomic body posture. After putting the table, we can see the human body posture
from RULA analysis give a yellow color mean that in low risk. This can help worker in
comfortable work during process assembly. Long periods of time can also be shortened when
working with a comfortable body posture.

When Place Linear Rail on the Aluminum Profile with T-nuts and Cap Screws in standing
posture during assembly the Y-axis, we can see that it gives low risk but can make worker
feel tired if stay on standing posture for a long time even though the table has been set. This
also can make the production not running perfectly. After putting the chair, we can see the
human body posture from RULA analysis give a green color mean that the posture is

acceptable and negligible risk.
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CHAPTER 5

CONCLUSION AND RECOMMENDATIONS

51 Introduction

The study findings, achievements, and contributions to knowledge are assessed in this
chapter. Future research endeavours about the time study of KESIDANG assembly and the
ergonomic positioning of the human body during KESIDANG CNC 3D router assembly are

also discussed.

5.2 Conclusion

Finally, the study’s objective has been achieved. Design manufacturing interface is critical
for product development especially for time study and ergonomic human body posture
during assembly KESIDANG CNC 3D Router for main frame, X-axis, Y-axis, and Z-axis.
This thesis contributes to the collection of data about KESIDANG CNC 3D Router which
will help students to continue the next study about its installation and also help Teaching
Factory to produce the next machine production. The production of the first KESIDANG
machine can be seen the difference with the second machine after the installation is done.
the difference in terms of time taken by the second machine is shorter than the installation
of the first machine when improvements are made. This can strengthen and improve the

development process and ensure that project goals are achieved as best as possible.
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5.3 Recommendation

Other options that can be used for the data collection process for KESIDANG CNC 3D
Router assembly should be further investigated. In addition, the method of collecting data
related to human body posture during installation needs to be investigated further in order to
be able to collect data accurately for analysis. It may be the objective of the project to
improve the way of taking the time more accurately as well as getting the body position data
more perfectly. In addition, since this study is still in its early stages, it is possible that there

will be follow-up studies in the future.
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APPENDICES

APPENDIX A RULA Employee Assessment Worksheet

ERGONEMICS

Scores

RULA Employee Assessment Worksheet

A. Arm and Wrist Analysis
Step 1: Locate Upper Arm Position:

+1 +2
L
n extensi
20 20 20

Step 1a: Adjust...

If shoulder is raised: +1

If upper arm is abducted: +1

If arm is supported or person is leaning: -1

Step 2: Locate Lower Arm Position:

Upper Arm Score

Step 2a: Adjust...
If either arm is working across midline or out to side of body: Add +1
Step 3: Locate Wrist Position: \ !

Add+1|

Step 3a: Adjust...
If wrist is bent from midline: Add +1
Step 4: Wrist Twist:

If wrist is twisted in mid-range: +1

If wrist is at or near end of range: +2
Step 5: Look-up Posture Score in Table A:
Using values from steps 1-4 above, locate score in
Table A

Step 6: Add Muscle Use Score
If posture mainly static (i.e. held>10 minutes),
Or if action repeated occurs 4X per minute: +1

Step 7: Add Force/Load Score Muscle Use Score
If load < .4.4 Ibs. (intermittent): +0 +

If load 4.4 to 22 Ibs. (intermittent): +1

If load 4.4 to 22 Ibs. (static or repeated): +2

If more than 22 Ibs. or repeated or shocks: +3

Wrist Twist Score Wrist Score

Posture Score A

Force / Load Score

Step 8: Find Row in Table C /
A.dd values from steps 5-7 to obtain
Wrist and Arm Score. Find row in Table C. Wrist & Arm Score

Table A

Upper
Arm

L Y S A P P P P R

Wrist Score

ii-
i
i

WO~ OO bbb bBEWEWWWNNN
DN BB R R B R B WW W N -

AW kW W W W

5 6

RULA Score

2
Wrist

W~ NN E bbb LB WWWN NN

Ao bk s W

7

3

Wrist

NIENIE A RTIF NS

RN I I Y Y S S A N S S P R P P

VWS dAN VYR BEBEBEBLWWW N

Scoring: (final score from Table C)
1-2 = acceptable posture
3-4 = further Investigation, change may be needed
5-6 = further investigation, change soon
7 = investigate and implement change

1~1~1~1~40\mmm@

Wrist
Twist

VWYV LLYLEBLLEWW =

I R T T Y T T T S S PPy ¥}

Task Name: Date:
B. Neck, Trunk and Leg Analysis
Step 9: Locate Neck Position:

cior o £ neman

BRE R
AT AT A M P

Step 9a: Adjust...
If neck is twisted: +1
If neck is side bending: +1

Step 10: Locate Trunk Position:

1 K 4 o5
f 10N

Step 10a: Adjust...
If trunk is side bending: +1

Neck Score

If trunk is twisted: +1

Step 11: Legs: Triank Sooee
If legs and feet are supported: +1
If not: 42
Table B: Trunk Posture Score |
p:‘ R DG | Le7ore
Score LOES Legs Legs Legs Legs Legs
12092 1 2000200 2 13
10 732 (3/3 /415|506 6/77]
| R 21312 (314 5505/6/7 77|
B 3/3(3/4 /45516 6 7/77|
4 555686777778 8|
5 7777788868888
6 's/a/8 8888999099
Step 12: Look-up Posture Score in Table B:
Using values from steps 9-11 above,
locate score in Table B e

Step 13: Add Muscle Use Score
If posture mainly static (i.e. held>10 minutes),
Or if action repeated occurs 4X per minute: +1

Step 14: Add Force/Load Score

If load < .4.4 Ibs. (intermittent): +0

If load 4.4 to 22 Ibs. (intermittent): +1

If load 4.4 to 22 Ibs. (static or repeated): +2

If more than 22 Ibs. or repeated or shocks: +3

Step 15: Find Column in Table C
Add values from steps 12-14 to obtain
Neck, Trunk and Leg Score. find Column in Table C. Neck, Trunk, Leg Score

Muscle Use Score

Force / Load Score
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APPENDIX B Gantt Chart

PSM 1
No Project Activity 3 3 F “}:_.'EK 10 11 12 13
1 |PSM briefing
2 |meeting with intern student & SV

[

Chapter 1: Infroduction

history about EESIDANG

Chapter 2: NPD and DMI

=00 LT I =

Chapter 2:CE and ergonomics

methodelogy briefing

second mesting with SV

Chapter 3: methodology

third meeting with SV

Chapter 3 : complete chapter 3

Chapter 4 - expected result

Chapter 4 - complete chapter 4

draft submussion (C1 & C2)

draft submussion (C3 & C4)

submt report & logbook

presentation
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P5M 1

WEEK
PROJECT ACTIVITY 1 2]s3]a]s]e] 78] s [w]1a]12]13]14

!IEBEE !!c:rut !& ;!

First Meefing with 5V

Additional Fesearch

Second Meeting with SV |

] d Problem Statement -

Breafing About submission PShi2

n_

Chapter 2: Data Fesearch
Assemble EESIDANG

Chapter 4: Data Collection

Produce Graft from Time Study Table
Amnalyze Finding

Chaier 3: Research Methudnlui_ i

Chapter 4: Actual Fesult

Chapter 3: Conclusion and Fecommendation

Finalize Feport Chapter 1-5

Submit Draft of Chapter 4 & 5 to 5V

Summary 4-Page
Logbook
Submit Beport, 4-Pages Summary, and Logbook

Making Poster
Presentation
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APPENDIX C Time Study

MNAME Diate of shudy: PIC.
Prepared By Date Checked By: Approved By:
- . T r Mur Wajihah
TIME STUDY (MATN FRAME ASSEMBLY) Mazmin 177m00s
Rasheegah
Time (min)
Mo, Process Descriprion -, . : Normal time (MMormal time =| Sbtd Time (Std time =Nermal
L=t(s) 2nd(z) = Average Average tme % Rating factor) | time = { 1 + allowance factor])
Anached both V2_002_1000_03_LENGTH BAE. 00 PROFILE 30330 to
Al-1 fiour W2_002_1000_01_MATN BAR 00 PROFILE 30X30 and two
W2_002_1000_08_BASE Z-ANIS MOUNT_00_PEOFILE 303330
- - - 134 G0 &67.67) 7443 89.31
Al-2 Inzent the cap screw size ME x 35
ol 65| 51.33 69.08
Antached both V2_002_1000_02_HEIGHT BAE._00_PROFILE 30X30 o
Al-3 V2_002_1000_06_TOP WIDE BAE. 00 PROFILE 30330 and rwo
W2_002_1000_04_WIDE BAER_00)_PROFILE 30X30 . _ _ . _
187] 125 107.33 118.07 14158
Al4 Inzert angle bracket with cap screw size M6 x 12 and flat washer S
43 30| 2433 26.77 321
A1-5 Add rao WI_002_1000_12_Y-ANIS CEMTEE._0)_PROFILE 30330 to both
. W2_002_1000_02_HEIGHT BAR_()_PROFILE 303030
83 62| 4333 5317 6380
Al-G Inzert the cap screw size ME x 35
30 23 17.67] 1943 3.3
Arached both V2_002_1000_02_HEIGHT BAE._00_PROFILE 30X30 w
Al-T W2_002_1000_06_TOP WIDE BAE. 00_PROFILE 303030 and rwo
W2 _002_1000_04 WIDE BAER () PROFILE 30X30 i _ _ i _
197 125 10733 118.07 141 58
Al-8 Insert angle bracket with cap screw size M6 % 12 and flat washer M
43 30| 24.33 26.77 3212
A1-0 Add tao VI_002_1000_12_Y-ANTS CEMTEE._00_PROFILE 30330 to both
: W2_002_1000_02_HEIGHT BAR_()_PROFILE 303030
a3 62| 4833 53.17 6380




Time

(mim])

Ha. Process Description 1stfs) s ird Averaze Normal time (2Normal time =| Std Time (Std time =X ommal
— - : = Averaze time % Rating factor) | time = ( | + allowance factor])
Al-10 Insent the cap screw size MS x 35
30 23 17.67 19.43 332
AL Antached each edge V2_002_1000_02_HEIGHT BAR. 00 PROFILE 30X30
) to W2_002_1000_03_LENGTH BAR. () _PROFILE 30330
L] 58 53.33 58.67 T0.40
Al-12 Inzent the cap screw size ME x 35
7 59 43.67 43.03 7.8
Add two V2_002_1000_11_CENTER SUPPORT_00_PROFILE 300030 in
Al-13 between both W2_002_1000_08_BASE Z-AXTS MOUNT_({_PROFILE
300030 and V2 _002_1000_04_WIDE BAF._00_FROFILE 30330 . i . _
154 136 96.67 106.33 127,60
Al-14 Inzent angle bracket with cap screw size M6 = 12 and flat washer G\
kil 43 33.00 36.30 43.56
AL1S Antached each edge V2_002_1000_02_HEIGHT BAR. 00 PROFILE 30X30
) to W2 _002_1000_05_TOP LENGTH BAF. 00_PROFILE 3030
46 41 2833 3127 38.72
Al-15 Insent the cap screw size MS x 35
51 43 31.33 3447 4136
AL Add V2_002_1000_10_CENTER.LAMP BAR. 00_PROFILE 302030 to
) V2_002_1000_06_TOP WIDE BAE. 00 _PROFILE 300030
53 25 26.00 28.60 3431
Al-18 Inzent the cap screw size ME x 35
35 18 14.33 15.77 15.92
AL-19 Add four V2_003_1000_08_Z-AKTS MOUNT_00_PROFILE 303030 to
) V3_002_1000_05_TOP LENGTH BAFR. 00_PROFILE 30330
37 4 20.33 2137 26,84
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Time {min)
HNao. Process Description e - _ Normal time (Mormal iime =| Std Time (Std time =2 ommal
Lst(z) Jnd(=) e Average Average dme % Bating factor) | time % ( | + allowance factor])
Al-20 Inzert the cap sorew size ME x 33
16 10 1.67 B.53 11.44
AL Add four V2_002_1000_08_Z-ANIS MOUNT_00_PROFILE 30330 to
0T V2_002_1000_03_LENGTH BAE. 00 PROFILE 30330
37 24 2033 2137 26,84
Al-22 Inzert angle bracket with cap screw size M x 12 and flat washer G\
157 124 93.67 03.03 123,64
Add V2_002_1000_11_CENTER SUFPORT_00_PROFILE 30030 in
Al-23 between both V2_002_1000_02_HEIGHT BAR. 00_FROFILE 30330 and
V1_002_1000_09_F-ANTS MOUNT_00_FROFILE 30330 . ; i o
156 125 93 67 103.03 123 54
Al-24 Inzert angle bracket with cap screw size M6 x 12 and flat washer G\
o3 §7 55.00 §0.50 T2.60
AL25 Add four V2_002_1000_07_BASE Z-AXIS 00 PROFILE 30X30 to
0T V1_002_1000_03_LENGTH BAE. 00_PROFILE 30030
20 34 43.00) 51.80 6336
Al-24 Inzert the cap sorew size ME x 33
120 L] 72.00 79.20 B
Al-27 Inzent angle bracket with cap screw size M6 = 12 and flat washer SM
134 164 116.00 27.60 153.12
4133 Add two V2_002_1000_10_CEWTEFR. LAMP BAF. 00_FROFILE 30330
0T between both V2 _002_1000_(2_HEIGHT BAF. 00_FROFILE 30330
e 40 .67 3813 45.76
Al-19 Insert the cap screw size ME x 35
13 10 T.67 143 10.12
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Time (min)
HNa. Process Descrption g 14 _— Normal time (TYormal time = 5Std Time (5td time =Normal
Lst(s) 2nd(s) e Average Average ime % Bating factor) | time % ( | + allowance factar))
Al-30 Tum the assembly upside dewn
11 8 6.33 6.97 835
Al-31 Add four V2_002_1000_14_LEVELING MOUNT FLATE _0_ALT at each
1 edge
0 13 11.04) 12.10 14.52
Al-32 Inzert the cap screw size MG x 15
1946 172 121.67 34.93 16192
A1-33 Inzert Wheel Caster and tighten the out using wrench and alizned stand wo
1-32 . P—
ensure it will be stabla.
H 36 26,67 2033 3520
TOTAL 157067 1737.53 2085.16
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X-AXIS

NAME: Date of stdy: | FIC.
Prepared By:  |Dae: Checked By: Approved By:
TIME STUDY (X-AXIS ASSEMBLY) | b
< SRt Nazrin 1772023
Facheegah
Time (onn)
Iommal dme |Std Time (5|
N . (Miormal fime | e =Hormsl
i Frocess Des ¥
? w8 Desrpnen 1st 2nd 3rd AveTage =Average | fmexil+
time x Batinz | allowance
factor) factor))
Atmach V2 002_1300 01_3-AMTS MAD BAF: amd
B-1 W2 002_1300_11_X-AXTS LOWEFE. BAF with distance
47 50D from the end of MATN BAF.
27 23 146.67 18.33 22,00
Attach PROFILE LIME PLATE at left on the assembly BAF.
B-I |9 5nmm from end of LOWER BAR. Attach spring washer MG
and dght wsing Cap Screw MEx14.
= = 255 221 158.67 174.53 200 44
With the distance bemween the plates 57. 50 attach another
EBE-3 |PROFILE LIMNE PLATE. Put spring washer M and tight
using Cap Soew MExl6.
265 243 169.33 186.27 113,52
B4 |Fepeat the process with another 3 PROFILE LINE. FLATE
1222 1081 T71.00 248.10 101772
Fuotate the sszambly BAR. Artach FROFILE ITNE PLATE
BS at the left side with distance 50D from the end of LOWER,
©  |BAR. Amach spring washer M and tight with Cap Sorew
i 420 362 260.67 286.73 144.08
B6 F.epeat the process with another ? FROFILE LTNE. FLATE
with distance betwesn plate is 1903
267 243 170.00 187.00 440
B-7 |Place FAIL on top of the V2_002_1300_01_R-ATIS MAMM
366 in 11033 252.27 272
B-&  |Af the left side the distance between FAATL and end of MLATN
276 243 173.00 180.30 28345
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Time (nuin)

Momal mme | Std Timee (5]
. . (Mormal fme | tme =Homsal
N Process Des v
. Fes Lespnon st 2nd 3rd AveTage = Average mmex( 1+
fme x Famng | allowance
factor) factor])
BO Put the assembly on the milling machine snd wse the disl
indicator to calibrate the FATL.
1636 1335 20033 1089.37 1307 24
Twrn back the entire sssembly. place FINED START
B-10 |BOUIT left and right B8 nom from the top end of the main
s by nsing cap screw MSx 16
204 251 181.67 19983 23980
B11 At the left FIED START MOUNT Attach EF10 on the
surface smd tighten it by using cap scoew MBx35.
189 160) 11633 127.97 53.56
B2 At the right FIYED START MOUNT Astach EE10 on the
~  |sarface and tight it by using cap screw MEx3S.
113 109 74.00 B1.40 o7 .68
513 Attach the BELOCE and 5FU BATT MUT with the BATT
? |scrEW.
33 25 19.33 21.27 25.52
Position the cap screw M4x16 on the SFUBALT WUT and
B-14 [.0
tight it.
180 162 114.00 125.40 50.48
215 Insert the BATT. SCEEW in the EF10 and EF10 slowly and
carefully to avoid bearing in the shaft out
47 33 26.67 29.33 3520
815 Install 8 grease snipper at the SFUTBATT WUT to easily
P in grease.
0 0 0.00 0.00 0.00
217 Fasten VI_002_1300_0§ ANGLE BLOCE MOUNT on the
" [block USDNG M4x18
150 125 21.67 10083 121.00
213 At the right side attach V2_002_1300_02 MOTOE. MOUNT
Tomm from end MATH BAR. using cap screw MSx12.
75 62 45.67) 50.23 6028
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Tirme (omn)

Mommal mme | Std Time (%td]
. . (Miormal time | time =Homal
N Process Des v
" s Lestupiion 1st nd 3rd Average =Average | tmex(l+
time x Fatinz |  allowance
factor) factor])
B-19 |msert the circlip in the hole at the FIGID COUPLING.
32 24 18.467 20.53 4.4
Insert the FIGID COUPLING at the end of the BATT
B-20 (SCREW untl it s chose and tighten it with a cap screw
W2 5217 using the Allen key
163 152 105.00 115,50 138.60
Attach the NEMA STEPPEFR. MOTOE. on the
B-21 [WV2_002_1300 02 MOTOR. MOUNT and tighten it using a
cap screw Mdxl 6 with 3 hexagonal M4 mit.
178 157 111.47 13283 147 40
B-22 | Atleft imstall W2_002_1300_08 WIFE DUCT SUPPORT 40
78 59 49.00 53.90 4,68
Add W2_002_1300_10 CABLE CHAIN FLATE 55nmm: from
B-23 |the tip on W2_002_1300_01 MAIN BAF. and tie using cap
screy M50
06 23 59.67 65.63 T8.76
B-24 |Locate W2_002_1300_09 WIFE TRUCEING on the V2 _0¥2
] B3 59.67 65.63 T8.76
B-25 |Attach the CABLE CHATN on the WV2_002_1300_09 WIRE ]
218 205 141.33 155.47 185,55
B-24 | At the right front view. Install V2_002_1300_07 LIMIT 5WT]
03 72 55.67 61.23 7348
Attach the ITIMIT SWITCH SENS0F. on the
B-27 |WV2_002_1300_07 LIMIT SWITCH BASE and fasten using
the head utton screw MEx12 )
&0 51 37.00 40.70 4384
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Tirne (mix)

Komal ome | Std Timme (5td)
. S - (Mommal time | tme =Homsal
He Frocess Description 1st Ind 3rd average = Averaze | dmex{l+
time x Fating |  allowance
factor) factor))
o At the top MAIN BAFR. and bottom LOWEF. BAF. inzert
T |twvo LINEAF: BLOCEDS on each rail.
125 1044 78.00 85.80 102 .94
Install 1 CORMNER. BEACEET 3060 at the front
890 W2_002_1300_01 X-ARTS MADI BAR. 5. 1M from end of
— |MADN BAFR: on the left and night side P spring washes M&
and tight it by nsing a cap scraw Méx16 . 170 164 115.00 126.50 5180
330 Add two cap screws MSx14 af the top WV2_002_1300_01 3-
¥ |AXIS MATN BAR at the left and risht side
a0 0 0.00 0.00 0.00
Imsert W2_002_1300 12 [INEAF. STOPPER beside the
B-31 |RAIL on the left side with 3200u from the end Tight using
Cap Screw Méx23 i . .
171 163 11133 122.47 144 .94
Insert W2_02_13040_12_TINEAFR STOPPER beside the
B-32 |[RAIL om the left side with 4206 from the end Tight using
Cap Scorew Max2s
171 163 111.33 122.47 4504
TOTAL 466167 5127.83) 6153.40

111



Y-AXIS (RIGHT)

MANE: Diate of study: FIC.:
Prepared By: Dara: Checked By: | Approved By
§ - . - Ao Hur Majihsh
TIME STUDY (RIGHT Y-AXIS ASSEMBLY) - 122023
Rasheagah
Time (i)
Normal time Std Time (5ud
No. Process Descript ormal tme = ime =Formal
° = Hipon 1st Ind 3nd Average (Horms m i fe L
Average ime x timex 1+
Rating factor) allowance factor]))
Insert the CAP SCREWS M4x16 into the TINEAR RATL and slhide in the
C byl LINEAR RATL info V2_002_1200_07_Y-AXIS MAIN_00 FROFILE
303750.
31 25 18.67 20.53 2464
C (B)2 Mezsre the distance and adjust the posidon of LIVEAR. FAT as perthe
e drawing.
59 36 31.67 M8 41.80
C ®)3 Clamp V2_002_1200_07_Y-ASTS MATN_00 PROFILE 30760 and setup
W the Dizal Gange Indicator on the milling machine.
T8 33 .00 48 40 58.08
C s Calibrate the position of the LINEAR AT on the V2 _002_1200 07_%-
N ASTS MATN_00_PROFILE 30X60 and tighten the screws.
1335 1064 799,47 87063 105556/
C (B)5 Amach V2_002_1200_01_MOTOR MOUNT_01_ALTU on
il V2_002_1200_07_¥-ASIS MATN 00_PROFILE 30760 with M5X10
364 309) 224,33 246.77) 206.12
Attach V2_002_1200_03_FINED START MOUNT_00_NYLON(BLUE) on
C (b6 W2_002_1200 07_¥-ASTS MATN 00_PROFILE 307060 with CAP
SCREWS MEX12.
383 319 234.00, 257 40 308.88|
Amach V2_002_1200_(2_FIED END MOUNT_00_NYLON(ELUE) on
C (BT V2_002_1200_07_Y-ASTS MATN 00 PROFILE 307060 with CAP
SCEEWS M5X12.
15 19 14.67 16.13 1236
Atach UPPER. BALL SCREW EMD MOUNT on the
C (b)8 W2_002_1200_03_FT{ED START MOUNT_00_NYLOMN{BLUE) with CAP
SCEEW MBX35
101 86 62.33 68.57 8128
(o35 Atmach BLOCE to SFU-1204 with M4316.
32 10 20.33 2237 26.84
C ()-10 Insert BALT SCREW-MNUT ASSEMELY into UPFER. BALL SCEEW END
e MOUNT.
109| g7 65.33 71.87 56.24
C b1 Adijust the position of Fixed End Mount.
271 236) 169.00 185.90| 27308
Arach LOWER BALL SCREW EMND MOUNT on
Ciby-12 W2_002_1200_02_FDED END MOUNT_00_NYLOWN(BLUE) and at the
end of BALTSCREW SHAFT with CAP SCREW ME33E5.
153 128 93.67 105.03 1564
Cibg-13 Tighten the scTews.
20| 14 11.33 2.47] 14.06
Cm14 Secure the BATLSCREW SHAFT position on the LOWEF. BALT 5CREW
e END MOUNT with a circlip
189| 153 114.00 125 40| 15048
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Time ()

) B Normal fime | Std Time (St
Mo, Proces: Diescripdon - nd Ird A (Mol tme = time =Hommal
= Avemgsfime ® tmex(l+
Fatng facior)  |allowance facior))
C(6-15|  Amach SHAFT COUPLER 1o MOTOR.
3 1 2067 nn 128
cos|  sehe SHAFT COUPLER through V2_002 1200 01_MOTOR
B MOUNT_01_ALT and anach to BALLSCRET SHAFT.
137 114 83.67 .03 11044
Cyply| AmachMOTOR an V2 002 1200_01 MOTOR MOUNT 01 ALU with
Tl AP SCREWMEXIS
124 101 75.67 8313 0088
CbH12 Tighten the soews.
4 13 19.00 2090 3508
Clyple| AmchV2002 1200 05 SDE ANGLEMOUNT_00_ALU on ELOCK
CAP SCREW M4X16
150 136 9533 10487 12584
C(5}20|  Sidein the LINEAR BLOCKS an the LIVEAR. BALL
s 38 2033 1137 317
Cipap|  AmeR V2002 100 04 TOPELOCK MOUNT_00_ALU onthe LINEAR.
BRI B OCKS with CAP SCREW MAX10
a5 15 13567 15033 18040
C 1 Audfnst the position of Linear Blocks and attach the Top Block Mount with the|
OF2 | Sde Angle Mount with CAP SCREW MSX.
157 11 25.00 105.60 12573
Attach the V2_(02_1200_06_LIMIT
C(¥2| SWITCHMOUNT 01_NYLON(BLUE) an the V2_002_ 1200 07_Y-AXTS
MATN_00_PR.OFILE J0%50 with CAP SCREW MSX30,
- 94 8 5833 8417 .00
Copas| Atlchibs LIMIT SWITCH SENSOR n the V2_D02_1300_06 LTMIT
+3| SWITCHMOUNT.01_NYLONELUE) with CAP 5CREW MEXIS.
& I 3633 3997 4704
TOTAL
255400 2809.40 337128
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Y-AXIS (LEFT)

HAME: Date of study- PIC..
Prepared By: [Date: Checked By: Approved By:
. Yur Najihah
TIME STUDY (LEFT Y-AXIS ASSEMBLY) |z 17703
Fasheeqah
Time {min)
Normal time il-r_h.:' (5t
o, Process Description Jormal ti =Homal
? res L lst 20 s | Avemsze _':i 2 | a1+
= Average time|
 Rating factor)| “_CWamcE
factar))
Tnsert the CAP SCREWS M4x16 into the LINEAR RAT.
C(a)-1| and shide in the LINEAR RATL into W2_002_1200_07_¥-
ANTS MAIN_(0_PROFILE 30X60.
e 1 14100 26.40) 3168
C@-2 Meazure the distance and adjust the position of LINEAR.
“|  RAIL as per the drawing.
63 5 40,00 24.00) 5180
Clamp V2 002_1200_07_Y-AXIS MATN 00_PROFILE
C(a)-3| 30X60 and setup the Dial Gauge Indicator on the milling
machins.
hi: a2 47400 S1.70) 67,04
Calihrate the position of the LINEAR. RATL on the
Cla)-4| W2 002_1200 07 Y-AXTS MAIN 00_PROFILE 30X&0
and tighten the screws.
1335 1064 70067 £79.63 1055.58
Attach V2_002_1200_01_MOTOR MOUNT_01_ALT on
C(a)-3| W2_002_1200_07_Y-AKIS MAIN_00_PROFILE 30340
with MSX10.
433 419 184.00 31240 374.38
Attach W2_002_120d_03_FINED START
C(a)-| MOUNT 00 NYLON(BLUE) on V2 002_300_07 Y-
ANTS MAIN_00_PROFILE 30X60 with CAP SCREWS
MIHI2. 41 401 17433 30177 362,13
Attach W2_002_1200_02_FINED END
@ MOUNT_[{_NYLON(BLUE) on V2_(42_1200 07_Y-
T ANIS MAIN_00_PROFILE 30X60 with CAP SCREWS
MINI2. 0 17 1233 13.57 16.28
Atach UPPER. BALL SCREW END MOUNT on the
C(a)-8| W2_002_1200_03_FIMED START
MOUNT_(_NYLON(BLUE) with CAP SCREW M8X35.
o7 i 59.67 §5.63 7874
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'Fime{n:an‘,l
HNormal ime it;el'::.e "Shj]
Na. Process Description lat 2nd ind A —(:;mi fmex (1+
Hage allowance
% Rating factar) : "
C(a)-9| Artach BLOCK to SFU-1204 with M4SX146.
e 4 21.00) 23.10 27.72
Ciar Insert BALLSCREEW-WUT ASSEMELY into UPFER
10 BALL SCREW END MOUNT.
108 a7 G8.33) 15,17 20.20
Cﬁ‘]' Adfust the position of Fized End Mount.
22D 253 17767 195.43 134 .52
Artach LOWER. BALL SCREW END MOUNT on
Cla-| V2 002 1200 02 FI¥ED END
12 | MOUNT (0 NYLON{BLUE) and at the end of
BALLSCREW SHAFT with CAP SCREW MEX35. 160 155 105.00 115.508 13260
Cir 4 .
13 Tighten the screws.
0 18] 12.67) 13.93 16.72
Ca)p Secure the BALT SCREW SHAFT pesition on the LOWER
14 BALL SCEEW END MIOUNT with a circlip.
203 187 130.00) 143.00) 17160
':1(;]' Artach SHAFT COUPLER to MOTOR.
43 36 2633 28.97 34.74
Car Insert the SHAFT COUPLER. through
16 | V2,002 1200 01 MOTOR MOUNT_01 ALV and attach
to BALLSCREW SHAFT.
143 137 2400 10340 124.08
Cla-| Attach MOTOR en'V2 002_1200 01 MOTOR
17 MOUNT_01_ALU with CAP SCEEW M4X14.
134 114 3333 21.67] 11000
CI(;]' Tighten the screws.
43 11 2533 27.87] 3144
Cla-| AttachV2 0021200 05 _SIDE ANGLE
12 MOUNT_00_ALU on BLOCE CAP SCEEW M4X14.
137 1x2 8633 2497 113.84
C.E;']_ Slide in the LINEAF. BLOCES on the LINEAR. RATL.
43 31 2467 27.13 156
Cla}| Attach'V 0021200 04 TOP BLOCE MOUNT 00 _ALU
2l on the LINEAF. BLOWCES with CAP SCEEW M4X10.
191 177 122,67, 134.93 151.92
Clar Adjust the position of Linear Blocks and attach the Top
a3 Block Mount with the Side Angle Mount with CAP
- SCREW M3320.
131 125 B5.67) 24.23 113.08
TOTAL 260400 2864 .40 3437.28
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Z-AXIS

TAME: Date of shady- PIC
Prepared By:  (Diate Checked By- Approved By:
r . AT - ar Najibah
TIME STUDY (£-AXIS ASSEMBLY) azmn 1777203
Razhesgah
Time |un)
Ho. Process Desoription . Normal time JHorme] dme = | Std Time (Sed dme =Iommal
Lst Ind d | AveRE | s by Radng Sctor) |fme s | 1 + allowance Bactor))
D-1 |calibrate bnear ril for the Z-ads
843 743 528.67) 581.53 97 84|
D2 atach the W2 001_1400 05_SPACER PLATE 00 ALUtothe
©  |hotom VI_002_1400_01_MAIN PLATE_00_ALU i .
32 30 2067 .73 2738
D atizch EF10_5 BLOCK i the V2_002_1400_05_SPACER
" |PLATE 00_ALU
15 19 14.67 16.13 19.34]
D4 (use the cap saew MExH)
74 56 4333 47.67 372
D-5  |imsext the Ballscrew through the Block
14§ 135 93.47 103.03 123 .64
D-6  |imsert the Ball Mut throngh the Ballscrew and ammch it with the Blodk
33 309 22100 24310 201.72
D-7  |use the cap saew M4xld
72 39 43 67 4803
D-8  |imsert the ele10 BLOCK to the Ballscrew
08 174 128.00) 140.80) 165 .06
Do attach the W2 _002_1400_05_SPACER. PLATE 00 ALU to the fop
" |W2_002_1400_01_MAIN PLATE_(0_ALU
M5 215 133 33| 168.67) 024
Dupg |Pich the ek 10 BLOCK o the V2_002_1400_{15_SPACER
Y |PLATE o0 ALU
142 128 9133 100.57) 121.88]
D-11 |use the cap sorew MExS0
37 2 19.67 11.63 1504
-3 [Atach the V2 003 1400 02 TOPPLATE 01 ALU o the
= |V2_002_1400_01_MAINPLATE 00 AL i _
103 o1 5467 1.13 85 36

1

16



Time (mn)

HNo. Process Description N Normal time (o] tme = | Std Time (30 dme =Normal
lst ind dd Average Averape fime % Rafing facior) |time x (1 + allowance factor])
D13 |use the cap saew Maxld
33 24 19,0 2080 2508
D14 amach the 4 V2_(02_1400 04 BUSHPIPE 00 ALU wthe
W2 002_1400 02_TOPPLATE 01 AL | _ _
484 45T 31700, 348.70) 1844
D-15 |use the cap saew M4xld
80 61 470 317 G104
D-16 |amach the rizid coupling with the STEFPER. MOTOR.
583 562 38147 419.83 5038
D-17 |tighten the nzd coupling
07 183 13000, 143.00 1718
D-1% |atach the rizid coupling and the STEPPER. MOTOE. to the Ballscrew
47 A0 18533 313.87 37664
D-19 |use the cap saew Maxld
= 32 2533 2787 334
D-20 |tighten the nzd coupling
32 4l 167 10.43)
o attach the sensor inductive prosmery to te W2 002 1400 02 TOP
~ |PLATE 01_ALU from below
319 301 0567 22733 2718
o1 amach the [mét switch base to the W2_(:02_1400_02_TOP
== |PLATE 01_ALU from below
328 267] 208 33 230.17] 275
D-23 |use the cap saew M4xld
35 43 32467 3503 43.12
r.ag |A2ch the JLINEAR EATL to the V2 002_1400_01_MANN
T |PLATE_00_ALU
0 0 0.0 0.00 0]
D-25 |use the cap screw M=)
0 [ 0.0 0.00 0]
D-26 [insert the 2 LINEAFR. BLOCK fo each side of the LINEAR FAIL
M 255 175,00, 182.50 231
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Time [pun)

Ha. Process Descrption . Normal time (Moome] ome = | Sid Time (3t dme =Nommal
lat 4 Id | ANemz | e e v Ranng ficior) |rime x ( 1+ allowanes factor)
D-17 |attach the HE15 STOPPER. to the each side of the LINEAR RAIT.
207 171 125.00 138.60) 166.32]
D-18 |tiphten the HG15 STOPPER.
4 39 310 34.10 4082
Dopg |insert the dowel pin to the V2_002_1404_09_BLOCK
~ |SPACER 01_ALU i ) ) _ ;
77 59 4533 40.87 59.84
D.gp [t the V2000 1400 09 BI OCK SPACER_01_ALU tothe
¥ |LINEAR BLOCK on each side
[ 33 39.67 43.63 3238
D-31 |use the cap saew Maxil
a1 74 53.0 60.50 716
attach the W2_002_1400_06_SPINCILE MOUNT PLATE 01_ALU
D-31 |tothe W2 002 1400 09 BLOCE SPACER 01_ALT by using the
domel pin 139 122 £7.0 05.70 114.84)
poy3 [imsert 4 cap scew MAx16 from the W2_002_1400_06_SPINDLE
~ |MOUNT PLATE_01_ALU to the BLOCK ) )
10) B 6.0 .60 782
imsert § cap screw M5x25 from the W2 _002_1400_06_SPINTDILE
D-34 |MOUNT PLATE 01_ALU to the V2 002_1400 (¢ BLOCE
SPACER UL AL 359 341 13333 256.67 308
D33 attach the SPINDILE to the W2_002_1400_06_SPINDLE MOUNT
7 |PLATE 01_ALU
2] 48 360 30,60 4750
D-36 |use the cap screw Mix30
1) B 6.0 .60 782
D-37 |attach the spesd controller to the coolant main base
13§ 131 8633 8407 113.84
D38 |attach the coolant bolt te the coolant main base
a2 59 4033 437 33.24]
030 attach the coelant maim base to the V2 _002_1400 06 _SPINDLE
MOUNT PLATE_01_ALT
- 11 9 6.67] 7.33) 8.8
D40 |use the cap sorew M4xd0
177 159 112,00 123.20 14784
Time (o)
Ha. Process Desoription . Normal time (Mol dme = | Std Time (S0 dme =Nomeal
Lt md id ANSIAZ2 | neree dime % Radng factor) |rime % ( 1 + allowance factor))
D41 |aftach the coolant hose commector to the coclant belt
15| 12 o 950 11.38]
Doy [atiach the cable chain fo the V2_002_1400_05_ SPINDLE MOUNT
“ |PLATE_01_ALU _ ~
20 g1 1.0 62.70) 75.14]
D43 |use butfon head screw Mzl
43 32 250 1750 33
TOTAL 4271.00 450810 3637.70

APPENDIX D Rapid Upper Limb Assessment

APPENDIX E Flowchart
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MAIN FRAME

APPENDIX D RULA

TASK
NO.

RULA SCORE

TIME (s)

PLACE

SCORE | TOTAL

Al-1

UPPER ARM

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

Al-2

UPPER ARM

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

Al-3

UPPER ARM

IMPROVEMENT

1st 2nd

ACTUAL PICTURE

Investigate and
change
immediately

134s 69s

Investigate
further and
change soon

92s 65s

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

Investigate
further

197s 125s

SIMULATION




TASK
NO.

RULA SCORE

TIME (s)

PLACE

SCORE | TOTAL

IMPROVEMENT

1st 2nd

ACTUAL PICTURE

Al-4

UPPER ARM

4

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

Investigate
further

43s 30s

Al-5

UPPER ARM

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

Al-6

UPPER ARM

Investigate
further

83s 62s

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

Hoon—\.hn—\ml—\.bll—\lal—\llal\)r\al\)ml—\l—\.b.ll—\l—\l—\oo

POSTUREB e

Investigate
further

30s 23s

SIMULATION




TASK
NO.

RULA SCORE

TIME (s)

PLACE

SCORE | TOTAL

IMPROVEMENT

1st

2nd

ACTUAL PICTURE

Al-7

UPPER ARM

4

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

Investigate
further

197s

125s

Al-8

UPPER ARM

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

Investigate
further

43s

30s

Al-9

UPPER ARM

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

|—\|—\I|—\r\>|\>r\>ml—\l—\hll—\Hl—\wml—\ANINMNM

LEG

POSTUREB [

1

Investigate
further

83s

62s

SIMULATION




APPENDIX D RULA

TASK RULA SCORE TIME (s) ACTUAL PICTURE SIMULATION
NO. PLACE SCORE | TOTAL | IMPROVEMENT 1st 2nd

Al1-10 | UPPER ARM
LOWER ARM
WRIST
WRIST TWIST
POSTURE A
NECK
TRUNK

LEG
POSTURE B

3 Investigate 30s 23s
further

Al-11 | UPPER ARM
LOWER ARM
WRIST
WRIST TWIST
POSTURE A
NECK
TRUNK

LEG
POSTURE B

3 Investigate 92s 68s
further

Al-12 | UPPER ARM
LOWER ARM
WRIST
WRIST TWIST
POSTURE A
NECK
TRUNK

LEG
POSTURE B

5 Investigate 72s 59s
further and
change soon




TASK
NO.

RULA SCORE

TIME (s)

PLACE

SCORE | TOTAL

IMPROVEMENT

1st 2nd

ACTUAL PICTURE

Al-13

UPPER ARM

3

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

Al-14

UPPER ARM

Investigate
further

154s 136s

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

Al-15

UPPER ARM

Investigate
further

56s 43s

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

II—‘I—‘I—‘II—‘#I—‘I—‘II—‘(&JI—‘-&I—‘I—‘O&J#II—‘(&)I—‘-bNI—‘NOO

Investigate
further

465 42s

SIMULATION




TASK
NO.

RULA SCORE

TIME (s)

PLACE

SCORE | TOTAL | IMPROVEMENT

Al-16

UPPER ARM

1st 2nd

ACTUAL PICTURE

Investigate and

LOWER ARM

change

WRIST

immediately

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

Al-17

UPPER ARM

51s 43s

Investigate

LOWER ARM

further and

WRIST

change soon

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

53s 25s

Al-18

UPPER ARM

6 Investigate

LOWER ARM

further and

WRIST

change soon

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

1

POSTURE B

25s 18s

SIMULATION




TASK
NO.

RULA SCORE

TIME (s)

PLACE

SCORE | TOTAL

IMPROVEMENT

1st

2nd

ACTUAL PICTURE

Al-19

UPPER ARM

3

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

Al-20

UPPER ARM

Investigate
further

37s

24s

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

Al-21

UPPER ARM

Investigate
further

16s

10s

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

Investigate
further and
change soon

37s

24s

SIMULATION




TASK
NO.

RULA SCORE

TIME (s)

PLACE

SCORE | TOTAL

IMPROVEMENT

1st

2nd

ACTUAL PICTURE

Al-22

UPPER ARM

3

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

Al-23

UPPER ARM

Investigate
further

157s

124s

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

Investigate
further

156s

125s

Al-24

UPPER ARM

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

0'1H-bl—‘ll—‘Hl\)OOU‘IH-bI—‘II—‘HNNII—‘OOI—‘-bHI—‘OO-b

Investigate
further

98s

67s

SIMULATION




TASK
NO.

RULA SCORE

TIME (s)

PLACE

SCORE | TOTAL

IMPROVEMENT

1st 2nd

ACTUAL PICTURE

Al-25

UPPER ARM

5

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

Investigate
further and
change soon

80s 64s

Al-26

UPPER ARM

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

Investigate
further and
change soon

120s 96s

Al-27

UPPER ARM

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

II—‘OOI—‘II—‘I—‘I—‘OOO)I—‘U‘II\)II—‘OOI—‘N@I—‘LHI\)II—‘OOI—‘I\)

Investigate
further

184s 164s

SIMULATION




TASK
NO.

RULA SCORE

TIME (s)

PLACE

SCORE | TOTAL

IMPROVEMENT

1st 2nd

ACTUAL PICTURE

Al-28

UPPER ARM

5

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

Al-29

UPPER ARM

Investigate
further and
change soon

64s 40s

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

Al1-30

UPPER ARM

Investigate
further

13s 10s

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

Investigate
further

11s 8s

SIMULATION




TASK
NO.

RULA SCORE

TIME (s)

PLACE

SCORE | TOTAL

IMPROVEMENT

1st 2nd

ACTUAL PICTURE

SIMULATION

Al-31

UPPER ARM

3

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

Al-32

UPPER ARM

Investigate
further

20s 13s

€

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

Al-33

UPPER ARM

Investigate
further

196s 172s

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

LN l—‘l—‘wl—‘ml—‘-bl\)ll—‘l—‘l\)l—‘ll—‘l—‘wll—‘l—‘wl\)

POSTURE B

acceptable

44s 36s
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X-AXIS

TASK
NO.

RULA SCORE

TIME (5)

PLACE

SCORE | TOTAL

IMPROVEMENT

st

2nd

ACTUAL PICTURE

B-1

UPPER ARM

3

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

B-2

UPPER ARM

Investigate further

27s

23

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

B-3

UPPER ARM

Acceptable

255

221

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

Il—‘l—‘l\)-bl—‘l\)l\)oo NN NF |- RPN BARINDWIN W

Investigate further

265

243

SIMULATION




TASK
NO.

RULA SCORE

TIME (s)

PLACE

SCORE

TOTAL

IMPROVEMENT

1st

2nd

ACTUAL PICTURE

B-4

UPPER ARM

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

6

Investigate further and
change soon

1222

1091

B-5

UPPER ARM

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

Investigate further

420

362

B-6

UPPER ARM

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

-l>l—‘OOI\)II—‘I—‘CA)N-bI—‘wI\)II—‘HNI—‘OI—‘wbhHwI—‘h

Investigate further

267

243

SIMULATION




TASK
NO.

RULA SCORE

TIME (s)

PLACE

SCORE | TOTAL

IMPROVEMENT

1st 2nd

ACTUAL PICTURE

B-7

UPPER ARM

6

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

Investigate
further and
change soon

366 322

B-8

UPPER ARM

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

UPPER ARM

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

Investigate
further

276 243

Investigate and
change
immediately

1636 1335

SIMULATION




TASK
NO

RULA SCORE

TIME (s)

PLACE

SCORE | TOTAL

B-10

UPPER ARM

IMPROVEMENT

1st

2nd

ACTUAL PICTURE

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

B-11

UPPER ARM

Acceptable

294

251

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

B-12

UPPER ARM

Acceptable

189

160

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

Ul (bR (A, |lw|lwlw

Investigate further and

change soon

113

109

SIMULATION




TASK
NO

RULA SCORE

TIME (s)

PLACE

SCORE

TOTAL

IMPROVEMENT

1st

2nd

ACTUAL PICTURE

B-13

UPPER ARM

3

3

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

2
1
1

TRUNK

LEG

POSTURE B

B-14

UPPER ARM

Investigate further

33

25

LOWER ARM

WRIST

WRIST TWIST

POSTURE Av

NECK

TRUNK

LEG

POSTURE B

B-15

UPPER ARM

Investigate further

180

162

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

kR MR |D|k|lww|w |—\N|—\I|—\|—\Nwll—\r\>|—\l

Investigate further and
change soon

47

33

SIMULATION




TASK
NO

RULA SCORE TIME (s) ACTUAL PICTURE SIMULATION

PLACE SCORE | TOTAL | IMPROVEMENT

B-16

UPPER ARM

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

B-17

UPPER ARM Investigate

LOWER ARM further

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

e N G I LSIES

LEG

POSTURE B

B-18

UPPER ARM 3 Investigate 75 62

LOWER ARM further

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

WL Wk RPWNW

POSTURE B




TASK
NO

RULA SCORE

TIME (s)

PLACE

SCORE

TOTAL

IMPROVEMENT

1st

2nd

ACTUAL PICTURE

B-19

UPPER ARM

3

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

3

Investigate
further

32

24

B-20

UPPER ARM

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

Investigate
further and
change soon

163

152

B-21

UPPER ARM

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

BIRPWINIPRIRPINDNWINIOIFPIWRARWRRFPINOWWIRFRPWRFRBRRFRPWIN

Investigate
further

178

157

SIMULATION




TASK RULA SCORE TIME (s) ACTUAL PICTURE SIMULATION
NO PLACE SCORE | TOTAL | IMPROVEMENT | 1st 2nd

B-22 | UPPER ARM 1 3 Investigate 78 69
LOWER ARM 3 further
WRIST 1

WRIST TWIST 2
POSTURE A
NECK
TRUNK

LEG
POSTURE B

B-23 | UPPER ARM
LOWER ARM
WRIST
WRIST TWIST
POSTURE A
NECK
TRUNK

LEG
POSTURE B

S

Investigate 96 83
further

B-24 | UPPER ARM
LOWER ARM
WRIST
WRIST TWIST
POSTURE A
NECK
TRUNK

LEG
POSTURE B

acceptable 96 83

[N FRNI ) Hl—\l—\HhHwN.hl—\woomll—\r\JNI




TASK
NO

RULA SCORE

TIME (s)

PLACE

SCORE | TOTAL

IMPROVEMENT

1st

2nd

ACTUAL PICTURE

B-25

UPPER ARM

3

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

B-26

UPPER ARM

Investigate
further

218

206

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

Investigate
further

95

72

B-27

UPPER ARM

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

Investigate
further

60

51

SIMULATION




TASK
NO

RULA SCORE

TIME (s)

PLACE

SCORE | TOTAL

IMPROVEMENT

1st

2nd

ACTUAL PICTURE

B-28

UPPER ARM

1 3

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

2
3
2

TRUNK

LEG

POSTURE B

B-29

UPPER ARM

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

B-30

UPPER ARM

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

Investigate
further

125

109

acceptable

SIMULATION




TASK
NO

RULA SCORE

TIME (s)

PLACE

SCORE | TOTAL

IMPROVEMENT

1st

2nd

ACTUAL PICTURE

B-31

UPPER ARM

3

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

B-32

UPPER ARM

Investigate
further

171

163

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

IHNI—\II—\H(DNII—‘NI—‘II—\HQJI\J

Investigate
further

171

163

SIMULATION




Y-AXIS ASSEMBLY LEFT

TASK
NO.

RULA SCORE

TIME (s)

PLACE

SCORE

TOTAL

IMPROVEMENT

1st

2nd

ACTUAL PICTURE

C (a)-
1

UPPER ARM

LOWER ARM

WRIST

WRIST TWIST

SCORE A

NECK

TRUNK

LEG

SCOREB

C (a)-

UPPER ARM

3

Investigate further

39

33

LOWER ARM

WRIST

WRIST TWIST

SCORE A

NECK

TRUNK

LEG

SCOREB

C (a)-

UPPER ARM

Investigate further

63

57

LOWER ARM

WRIST

WRIST TWIST

SCORE A

NECK

TRUNK

LEG

SCOREB

O‘:HQJ-bII—‘HNHIHNI\)II—\I\)HI—\IHI\)NII—\HI\JN

Investigate further
and change soon

79

62

SIMULATION




TASK
NO

RULA SCORE

TIME (s)

PLACE

SCORE | TOTAL

IMPROVEMENT

1st 2nd

ACTUAL PICTURE

C (@)

UPPER ARM

4

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

C (a)-

UPPER ARM

Investigate further

1335 1064

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

C (a)-

UPPER ARM

Investigate further

433 419

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

II—\NNII—\I—‘I\)NII—‘I\)I—‘IHI—‘I\)I\JII—‘QJI—‘II—‘#I—‘I—\

Investigate further

422 401

SIMULATION




TASK
NO

RULA SCORE

TIME (s)

PLACE

SCORE | TOTAL

IMPROVEMENT

1st 2nd

ACTUAL PICTURE

C (@)

UPPER ARM

2 3

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

2
1
1

TRUNK

LEG

POSTURE B

C (a)-

UPPER ARM

Investigate
further

20 17

SIMULATION

~

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

Investigate
further

97 82

C (a)-

UPPER ARM

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

Investigate
further

39 24




TASK
NO

RULA SCORE

TIME (s)

PLACE

SCORE | TOTAL

IMPROVEMENT

1st

2nd

ACTUAL PICTURE

C (@)
10

UPPER ARM

3

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

C (a)-
11

UPPER ARM

Investigate further

108

97

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

C (a)-
12

UPPER ARM

Investigate further

280

253

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

Investigate further

160

155

SIMULATION




TASK
NO

RULA SCORE

TIME (s)

PLACE

SCORE

TOTAL

IMPROVEMENT

1st

2nd

ACTUAL PICTURE

SIMULATION

C (@)
13

UPPER ARM

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

4

Investigate further

20

18

C (a)-
14

UPPER ARM

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

C (a)-
15

UPPER ARM

Investigate further

203

187

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

Il—\l\)ooll—\|—\|—\|—\I|—\00|—\I|—\Hoor\>-l>|—\w|\nll—\|—\r\>r\>

Investigate further

43

36




TASK
NO

RULA SCORE

TIME (s)

PLACE

SCORE | TOTAL

IMPROVEMENT

1st

2nd

ACTUAL PICTURE

C (@)
16

UPPER ARM

3

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

C (a)-
17

UPPER ARM

Investigate further

145

137

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

C (a)-
18

UPPER ARM

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

Lﬂl—‘-bl\)ll—‘l—‘l\)l—‘ll—‘-b-I>II—‘I—‘I—‘00II—‘T\)OOII—‘I—‘I—‘I—‘

Investigate further
and change soon

134

116

Investigate further

45

31

SIMULATION




TASK
NO

RULA SCORE

TIME (s)

PLACE

SCORE

TOTAL

IMPROVEMENT

1st

2nd

ACTUAL PICTURE

C (@)
19

UPPER ARM

3

LOWER ARM

WRIST

WRIST TWIST

2
1
1

POSTURE A

NECK

TRUNK

LEG

POSTURE B

C (a)-
20

UPPER ARM

3

Investigate further

137

122

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

~

Investigate further

43

31

C (a)-
21

UPPER ARM

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

Investigate further

191

177

SIMULATION




TASK
NO

RULA SCORE

TIME (s)

PLACE SCORE | TOTAL

C (@)
22

UPPER ARM

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

C (a)-
23

UPPER ARM

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

C (a)-
24

UPPER ARM

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

IMPROVEMENT

——— .
Investigate further

1st 2nd

ACTUAL PICTURE

SIMULATION




o -t 3]
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Y-AXIS ASSEMBLY RIGHT

TASK
NO.

RULA SCORE

PLACE

SCORE | TOTAL

IMPROVEMENT

TIME TAKEN
(SEC)

ACTUAL PICTURE

C (b)-
1

UPPER ARM

3

LOWER ARM

WRIST

WRIST TWIST

SCORE A

NECK

TRUNK

LEG

SCOREB

C (b)-

UPPER ARM

Investigate further

31 25

LOWER ARM

WRIST

WRIST TWIST

SCORE A

NECK

TRUNK

LEG

SCOREB

C (b)-

UPPER ARM

Investigate further

59 36

LOWER ARM

WRIST

WRIST TWIST

SCORE A

NECK

TRUNK

LEG

SCOREB

owl—\oo-bll—\l—\ml—\ll—\ml\)ll—\NHl—\Il—\l\)NIl—\l—\Nr\J

Investigate further
and change soon

79 53

SIMULATION




TASK
NO

RULA SCORE

PLACE

SCORE

TOTAL

IMPROVEMENT

TIM

E TAKEN
(SEC)

ACTUAL PICTURE

C (b)-

UPPER ARM

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

C (b)-

UPPER ARM

4

Investigate further

1335

1064

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

C (b)-

UPPER ARM

Investigate further

364

309

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

II—\NNII—\I—‘I\)NII—‘I\)I—‘IHI—‘I\)I\JII—‘QJI—‘II—‘#I—‘I—\

Investigate further

383

319

SIMULATION




TASK
NO.

RULA SCORE

PLACE

SCORE | TOTAL

IMPROVEMENT

TIME TAKEN
(SEC)

ACTUAL PICTURE

C (b)-

UPPER ARM

3

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

C (b)-

UPPER ARM

Investigate
further

25 19

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

Investigate
further

101 86

C (b)-

UPPER ARM

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

Il—‘l\)OOII—‘HNI\)LﬂI—‘N-bIHI—‘NNII—‘I\JHII—‘I—\NN

Investigate
further

32 29

SIMULATION




TASK
NO

RULA SCORE

PLACE

SCORE | TOTAL

IMPROVEMENT

TIME TAKEN
(SEC)

ACTUAL PICTURE

C (b)-
10

UPPER ARM

3

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

C (b)-
11

UPPER ARM

Investigate further

109 87

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

C (b)-
12

UPPER ARM

Investigate further

271 236

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

Investigate further

153 128

SIMULATION




TASK
NO

RULA SCORE

PLACE

SCORE | TOTAL

IMPROVEMENT

TIME TAKEN
(SEC)

ACTUAL PICTURE

C (b)-
13

UPPER ARM

4

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

Investigate further

20 14

C (b)-
14

UPPER ARM

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

C (b)-
15

UPPER ARM

Investigate further

189 153

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

Il—\l\)ooll—\|—\|—\|—\I|—\oo|—\ll—\|—\ool\>-l>|—\w|\nll—\|—\r\>r\>

Investigate further

35 27

SIMULATION




TASK
NO

RULA SCORE

PLACE

SCORE | TOTAL

IMPROVEMENT

TIME TAKEN
(SEC)

ACTUAL PICTURE

C (b)-
16

UPPER ARM

3

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

C (b)-
17

UPPER ARM

Investigate further

137 | 114

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

C (b)-
18

UPPER ARM

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

U'Il—‘-bl\)ll—‘l—‘r\)l—‘ll—‘-b-I>II—‘HI—‘00II—‘T\)OOII—‘I—‘I—‘H

Investigate further
and change soon

126 | 101

Investigate further

34 23

SIMULATION




TASK
NO

RULA SCORE

PLACE

SCORE

TOTAL

IMPROVEMENT

TIME TAKEN

(SEC)

ACTUAL PICTURE

C (b)-
19

UPPER ARM

3

LOWER ARM

WRIST

WRIST TWIST

2
1
1

POSTURE A

NECK

TRUNK

LEG

POSTURE B

C (b)-
20

UPPER ARM

3

Investigate further

150

136

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

~

Investigate further

50

38

C (b)-
21

UPPER ARM

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

Investigate further

215

195

SIMULATION




TASK
NO

RULA SCORE

PLACE

SCORE | TOTAL

IMPROVEMENT

TIME TAKEN
(SEC)

ACTUAL PICTURE

C (b)-
22

UPPER ARM

3

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

C (b)-
23

UPPER ARM

Investigate further

157 131

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

C (b)-
24

UPPER ARM

Investigate further

94 81

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

Il—\Nl—\Il—\l—\Nwll—\ml—\ll—\l—\mmll—\ml—\ll—\r\)r\)m

Investigate further

60 49

SIMULATION




o -t 3]
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Z-AXIS ASSEMBLY

TASK
NO.

RULA SCORE

TIME (SEC)

PLACE

SCORE | TOTAL

IMPROVEMENT

1st

2nd

ACTUAL PICTURE

D-1

UPPER ARM

6

LOWER ARM

WRIST

WRIST TWIST

SCORE A

NECK

TRUNK

LEG

SCOREB

Investigate further
and change soon

843

743

D-2

UPPER ARM

LOWER ARM

WRIST

WRIST TWIST

SCORE A

NECK

TRUNK

LEG

SCOREB

UPPER ARM

Investigate further

32

30

LOWER ARM

WRIST

WRIST TWIST

SCORE A

NECK

TRUNK

LEG

SCOREB

IHI—‘I—‘IHHI—‘(OII—‘HHIHI—‘HOO@HOO#II—‘I—‘NI—‘

Investigate further

25

19

SIMULATION




TASK
NO.

RULA SCORE

TIME (SEC)

PLACE

SCORE

TOTAL

IMPROVEMENT

1st

2nd

D-4

UPPER ARM

3

LOWER ARM

WRIST

WRIST TWIST

1
1
1

POSTURE A

NECK

TRUNK

LEG

1
1
1

POSTURE B

D-5

UPPER ARM

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

UPPER ARM

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

3

Investigate further

74

56

146

135

354

309

ACTUAL PICTURE

SIMULATION




TASK
NO.

RULA SCORE

TIME

SEC)

ACTUAL PICTURE

SIMULATION

PLACE

SCORE | TOTAL

D-7

UPPER ARM

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

UPPER ARM

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

UPPER ARM

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

Il—‘l\)l\)-bl—‘l\)l\)-b

IMPROVEMENT

Investigate
further

1st

2nd

72

59

208

176

245

215




TASK
NO

RULA SCORE

TIME

SEC)

PLACE

SCORE | TOTAL

IMPROVEMENT

1st

2nd

D-10

UPPER ARM

3

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

D-11

UPPER ARM

Investigate
further

149

128

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

D-12

UPPER ARM

Investigate
further

37

22

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

Il—\l\)l\)-bl—\l\)l\)-bll—\l—\|—\I|—\H|—\00I|—\|—\|—\I|—\|—\|—\oo

Investigate
further

103

91

ACTUAL PICTURE

SIMULATION




TASK
NO.

RULA SCORE

TIME (SEC)

PLACE

SCORE | TOTAL

IMPROVEMENT

1st

2nd

D-13

UPPER ARM

4

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

Investigate
further

33

24

D-14

UPPER ARM

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

Investigate
further

484

467

D-15

UPPER ARM

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

-hI—‘OOOO#I—‘OOHQJ#I—‘OOOO-RI—‘OOI—‘OOU‘II—‘#I—‘II—‘HI—‘OO

Investigate
further

80

61

ACTUAL PICTURE

SIMULATION




TASK RULA SCORE TIME (SEC) ACTUAL PICTURE SIMULATION
NO PLACE SCORE | TOTAL | IMPROVEMENT | 1st 2nd

D-16 | UPPER ARM 3 Investigate 583 | 562
LOWER ARM further
WRIST
WRIST TWIST
POSTURE A
NECK
TRUNK

LEG
POSTURE B

D-17 | UPPER ARM
LOWER ARM
WRIST
WRIST TWIST
POSTURE A
NECK
TRUNK

LEG
POSTURE B

3 Investigate 207 | 183
further

D-18 | UPPER ARM
LOWER ARM
WRIST
WRIST TWIST
POSTURE A
NECK
TRUNK

LEG
POSTURE B

3 Investigate 447 | 409
further




TASK RULA SCORE TIME (SEC) ACTUAL PICTURE SIMULATION
NO PLACE SCORE | TOTAL | IMPROVEMENT | 1st 2nd

D-19 | UPPER ARM 3 Investigate 44 32
LOWER ARM further
WRIST
WRIST TWIST
POSTURE A
NECK
TRUNK

LEG
POSTURE B

D-20 | UPPER ARM
LOWER ARM
WRIST
WRIST TWIST
POSTURE A
NECK
TRUNK

LEG
POSTURE B

3 Investigate 32 21
further

D-21 | UPPER ARM
LOWER ARM
WRIST
WRIST TWIST
POSTURE A
NECK
TRUNK

LEG
POSTURE B

6 Investigate 319 | 301
further and
change soon




TASK
NO

RULA

SCORE

TIME (SEC)

PLACE

SCORE

TOTAL

IMPROVEMENT

1st

2nd

ACTUAL PICTURE

D-22

UPPER ARM

3

LOWER ARM

WRIST

WRIST TWIST

LS

POSTURE A

NECK

TRUNK

LEG

POSTURE B

6

\“p\LAY

V.

Investigate
further and
change soon

328

297

D-23

UPPER ARM

LOWER ARM

WRIST

WRIST TWIST

RPN W O RN

POSTURE A

NECK

TRUNK

LEG

POSTURE B

U1H-l>l\)|

D-24

UPPER ARM

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

A

6

K7

~
<
>

Investigate
further and
change soon

55

43

SIMULATION




TASK
NO

RULA SCORE TIME (SEC) ACTUAL PICTURE SIMULATION

PLACE SCORE | TOTAL | IMPROVEMENT

D-25

UPPER ARM

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

D-26

UPPER ARM Investigate

LOWER ARM further

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

D-27

UPPER ARM 3 Investigate 207 171

LOWER ARM further

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

II—‘CDI—‘IHI—‘I\)OJ Rk (N DRk |ww

POSTURE B




TASK
NO

RULA SCORE

TIME (SEC)

PLACE

SCORE

TOTAL

IMPROVEMENT

1st

2nd

D-28

UPPER ARM

3

LOWER ARM

WRIST

WRIST TWIST

2
1
1

POSTURE A

NECK

TRUNK

LEG

POSTURE B

D-29

UPPER ARM

3

Investigate
further

54

39

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

D-30

UPPER ARM

Investigate
further

77

59

ACTUAL PICTURE

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

Lﬂl—‘-bl—‘IHwHNIHI—‘I—‘wI—‘HNwII—‘wI—‘I

o

Investigate
further

66

53

SIMULATION




TASK
NO

RULA SCORE

TIME (SEC)

PLACE

SCORE

TOTAL

IMPROVEMENT

1st

2nd

ACTUAL PICTURE

D-31

UPPER ARM

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

D-32

UPPER ARM

3

Investigate
further

91

74

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

D-33

UPPER ARM

Investigate
further

139

122

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

|—\oo|—\-l>|—\|—\ooooI|—\N|—\I|—\oo|—\r\>I|—\oo|—\-l>l\>|—\r\>oo

POSTURE B

Investigate
further

10

SIMULATION




TASK
NO

RULA SCORE

TIME (SEC)

PLACE

SCORE

TOTAL

IMPROVEMENT

1st

2nd

ACTUAL PICTURE

D-34

UPPER ARM

3

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

5

Investigate
further and
change soon

359

341

D-35

UPPER ARM

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

Investigate
further and
change soon

60

48

D-36

UPPER ARM

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

RPN P WORWOARLNARBRPRPWRWOIRINABRRPRPW|E

POSTURE B

Investigate
further

10

SIMULATION




TASK
NO

RULA SCORE

TIME (SEC)

PLACE

SCORE | TOTAL

IMPROVEMENT

1st

2nd

ACTUAL PICTURE

D-37

UPPER ARM

3 3

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

2
1
1

TRUNK

LEG

POSTURE B

D-38

UPPER ARM

Investigate
further

138

121

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

Investigate
further and
change soon

62

59

D-39

UPPER ARM

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

l—‘wm-bl—‘wl\)wml—‘l\)h-bl—\l—‘wwll—\l—\l—\l

POSTURE B

Investigate
further and
change soon

11

SIMULATION




TASK
NO

RULA SCORE

TIME (SEC)

PLACE

SCORE | TOTAL

IMPROVEMENT

1st

2nd

ACTUAL PICTURE

D-40

UPPER ARM

6

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

D-41

UPPER ARM

Investigate
further and
change soon

177

159

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

D-42

UPPER ARM

Investigate
further

15

12

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

POSTURE B

Investigate
further

90

81
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TASK
NO

RULA SCORE

PLACE

SCORE

TOTAL

IMPROVEMENT

TIME TAKEN
(SEC)

ACTUAL PICTURE

D-43

UPPER ARM

3

LOWER ARM

WRIST

WRIST TWIST

POSTURE A

NECK

TRUNK

LEG

RPN RPRPWW

POSTURE B

3

Investigate
further

43 32

SIMULATION




Insert the Ballscrew
through the Block

Insert the Ball Nut
through the
Ballscrew and
attach it with the
Block

Insert cap
screw

Insert the BLOCK
to the Ballscrew

Ballscrew
assembly

OO

@ Attach Block to SFU.

@ Insert Cap Screws
v Ballscrew-Nut Assembly

Install the Grease Snipper
on the SFU BALL NUT.

Insert the BALLSCREW-

Fix the

position.

Calibrate the linear
rail for the Z-axis

Attach the SPACER
PLATE to the bottom
MAIN PLATE

Attach BLOCK to the
SPACER PLATE

Insert cap
screw

attach the SPACER
PLATE to the top
MAIN PLATE

attach the BLOCK
to the SPACER
PLATE

insert cap
screw

attach the TOP
PLATE to the
SPACER PLATE

insert cap
screw

attach the 4 BUSH
PIPE to the TOP
PLATE

insert cap screw

attach the rigid
coupling with the
STEPPER MOTOR

tighten the rigid
coupling

attach the rigid
coupling and the
STEPPER MOTOR
to the Ballscrew

insert cap
screw

NUT ASSEMBLY through
the EF10 and EK10.

KESIDANG PROCESS FLOW DIAGRAM

APPENDIX E FLOWCHART

Fasten ANGLE BLOCK
MOUNT on the BLOCK.

Attach MOTOR MOUNT
on the Main Bar.

Attach Height Bar to Top
Wide Bar and Wide Bar

Position Cap Screw M6

Attach Y-Axis Center
Bar to Height Bar

A1-1

Place Linear Rail on the
Aluminium Profile with T-
Nuts and Cap Screws.

Measure the distance and
adjust the position of
LINEAR RAIL as per the

Attach Height Bar to Top

Wide Bar and Wide Bar
Attach Length Bar to Main

Bar and Z-Axis Mount

Position Cap Screw M6

Attach Y-Axis Center
Bar to Height Bar

Insert Cap Screw M8

6,60,0,0

Insert Cap
Screw

in the Frame

Attach Main
Bar

|

OO0

No

&

S

drawing.

Check the position.

Calibrate the position of
Linear Rail.
Tighten the screws.

Clamp Aluminium Profile on
a milling machine.

Place Linear Rail on the
Aluminium Profile with T-
Nuts and Cap Screws.

Measure the distance and

Attach the SWITCH
PLATE to the Frame
Sturcture.

Attach MAIN SWITCH
PLATE to the SWITCH

Assemble 2 Side
Bar and 1 Main Bar

Slide In Side Door

Add Workbench
to Main Bar

Attach two long wire
trunking on power box

Insert Cap Screw M8 Insert Cap Screw M8 Attach Motor Mount on the @ adjust the position of @ EZQZESE:ZCVQ Button base
Attach EK10 on the right Insert the circlip in the hole Aluminium Profile. LINEAR RAIL as per the .
FIXED START MOUNT. at the RIGID COUPLING. drawing.
v Right Frame Left Frame
Assembly Assembly . » _ Attach the Main Switch Insert button head
Attach F|.xgd Start Mount on »{(C(a)-3 Clamp AIumlnlym Profile on @ to the SWITCH screw to the existing
Attach each edge Height the Aluminium Profile. a milling machine. PLATE. thread holes.
Attach EF10 on the left Insert RIGID COUPLING at Bar to Length Bar
FIXED START MOUNT. the end of the BALL SCREW.
: No
Attach Fixed End Mount on . Attach two short wire
Check th tion.
Insert Cap Screw M8 Attach Block to @ the Aluminium Profile. ‘ eck the position trunking on power box
Insert the Cap Screw
Place the FIXED START SFU-1204. v base
es
MOUNT on the on the Att?ﬁh R?g.’;‘ggﬁgﬂi‘?rpER MOTOR Attach Center Support to . »
UPPER MAIN BAR. onthe ' Base Z-Axis Mount and Attach Upper Ball Screw Ea“bras F:‘e position of
Wide Bar Ballscrew-Nut @ End Mount on the Fixed inear Ral.
' Start Mount. Tighten the screws. Attach ESTOP PLATE Insert button he_ac_i
Assembly to the SWITCH PLATE screw to the existing
Position Cap Screw M6 using Button Head thread holes.
. Install WIRE DUCT SUPPORT
Check the position on the Main Bar. Insert Ballsprew-Nut @ Attach Motor Mount on the Screw.
Attach each edge Height > (b)-1 Assembly into Upper Ball Aluminium Profile.
Bar to Top Length Bar Screw End Mount
Attach E Attach the short din rail
ach Emergency on the power box base
Calibrate the position of Add CABLE CHAIN Attach Fixed Start Mount on Button to the BUTTON
LINEAR RAIL PLATE on the Main Bar. Insert Cap Screw M8 Adjust the position of Fixed » : SWITCH PLATE.
End Mount the Aluminium Profile.
Insert button head
Add Center Lamp Bar to e
-~ ) . Attach the START screw to the existing
Position the LINEAR RAIL Attach WIRE TUCKING on the Top Wide Bar Attach Lower Ball Screw @ Attach Block to @ Attach Fixed End Mount on BUTTON PLATE to the thread holes.
with correct distance. WIRE DUCT SUPPORT. 2 Mount on the Fixed End SFU-1204. the Aluminium Profile. SWITCH PLATE with
Mount. Button Head Screw.
Insert Cap Screw M8 Attach Upper Ball Screw
Ballscrew-Nut Attach the long din rail
Place the LINEAR RAIL Attach CABLE CHAIN on the No » End Mount on the Fixed to the power box base
on the MAIN BAR. WIRE TUCKING. Check the posmon. Assembly Attach Push Button p .
Start Mount. Switch to the SWITCH
Add Z-Axis Mount to Top PLATE.
Length Bar
Yes 9 ves Insert Ballscrew-Nut
) >C(a)-10  Assembly into Upper Ball Insert button head
Check the Attach LIMIT SWITCH BASE on the Insert Cap Screw M8 ) Tighten the screws. screws into the existing
position. X-AXIS MAIN BAR. \ Attach Shaft Screw End Mount Attach HOMING thread holes.
Coupler to Motor BUTTON PLATE to the
SWITCH PLATE using
Add Z-Axis Mount to Length Secure the Ballscrew Shaft Adjust the position of Fixed Button Head Screw.
Bar position on the Lower Ball
R tth for 2 Attach the LIMIT SWITCH 9 Screw End Mount with a End Mount. Attach three stepper
Pltj{poeliﬂlLE(T_IF;\II’OKCI?’SL?’S\TOEr SENSOR on the LIMIT ' Motor Assembly circlip. motor drivers to the
: SWITCH BASE. Attach PANEL COVER Attach the Push Button power box base.
Insert Cap Screw M6 Attach Lower Ball Screw tothe X-AXIS BAR Switch to the SWITCH
Insert the Shaft Coupler 3 Mount on the Fixed End and Z-AXIS BAR using PLATE.
>{(b)-19 through Motor Mount and Button Head Screw.
'étl_ti?r?he ::;ROELE I.'(;NKf Slide in the LINEAR BLOCKS Add Center Support attach to Ballscrew Shaft. Mount. Insert button head
the i bane o oGe® on each LINEAR RAIL. between Height Bar and Z- screws into the existing
’ Axis Mount No Attach the XYZ thread holes.
. Attach BACK PANEL ORIGIN BUTTON
@ ::/Ittach Motor on Motor ‘ Check the position. @ COVER to the X-AXIS @ using Button Head
Insert Cap Screw M6 ount. BAR and Z-AXIS BAR. Screw.
Repeat the process for 3 Install CORNER BRACKET 3060 Yes
PROFILE LINK PLATE. on the X-AXIS MAIN BAR. Attach CNC Controller
@ Attach Shaft on the long din rail.
Add Base Z-Axis to Length i .
. [¢] ) Tighten the screws. Coupler to Motor Tighten the screws ﬁlt‘taa;r;g;b;iﬁ?fd on Attach Push Button
COVER Switch to the SWITCH
) PLATE.
Gﬁgiﬁgﬁ_tgirsiROCZLE Place the Cap Screws at the top of X- Secure the Ballscrew Shaft
S 9~ap AXIS MAIN BAR. Insert Cap Screw M8 Motor osition o the Lower Ball Insert button head
orens P Attach Side Angle Mount v @ ° Attach HAND WHEEL sorews Into the existing
\ ach Side Angle Mount on Assembly ; thread holes.
@ Block. Screw End Mount with a PLATE on the BACK
circlip. PANEL COVER using Attach PANEL COVER
Insert Cap Screw M6 Button Head Screw. on the screen display.
Attach PROFILE LINK PLATE and Attach LINEAR STOPPER at the Insert the Shaft Coupler play.
X-AXIS MAIN BAR and X-AXIS left side of LINEAR RAIL Slide in the Power
LOWER BAR with Cap Screw. ' \ Slide in ?he Linegr Blocks >{(@)-19  through Motor Mount and Supply on the long din
Add Center Lamp Bar on the Linear Rail. attach to Ballscrew Shaft. Attach Handle to the Z- rail.
between 2 Height Bar 2X|S BAR using Cap
crew.
Position the X-AXIS MAIN @ attag\}v?ﬁgﬁ Slli\r']l'dEto
BAR and X-AXIS LOWER Attach LINEAR STOPPER at Attach Motor on Motor e :
BAR with required distance at the right side of LINEAR RAIL. Insert Cap Screw M8 @ Attach Top Block Mount on Mount. Slide in the PTB 2.5
the end. the Linear Blocks. Attach Hinge on the Z- I1c'>enrmljr;r«'=]1lrI;%illocks on the
AXIS BAR with Hex 9 :
. Socket Cap Screw. Attach MACHINE
Tum Assembly upsic Adjust the position of Linear @ Tiahten the sorews @ PLATE to the SWITCH
own g . .
Check the assembly @ Blocks and attach the Top . E'(;QZES;J?;CVQ Button
2::);2 mﬂi with the Side ﬁ;t(TSChBillgge on tEe Z- : Slide in three MCB on
. . using Hex i rai
X-Axis Assembly Add LEVELLING MOUNT Socket Sorew. the long din rail.
PLATE at each edge .
) Attach Side Angle Mount on
>I\ Attach the Limit Switch Tighten the SWITCH
L ) Mount on the Aluminium Block. PLATE ASSEMBLY on
Insert Cap Screw M6 Profile v the Frame Stucture.
Controller Assembly Slide in the RCCB on
the long din rail.
Slide in the Linear Blocks
Insert Wheel Caster Attach the Limit Switch 0 . )
4 Sensor on the Limit Switch on the Linear Rail. Attach the Controller
Mount - Assembly on the
\F-24) ¢ Struct ith
attach the SPINDLE to @ insert cap Hrame ructure wi Place the IN13BK
the SPINDLE MOUNT s i inge. Terminal Block on the
Rith the speed Main Frame Attach Top Block Mount on lon :iin rail
controller to the Assembly . No ) g ’
coolant main base Fix the Check the assembly. the Linear Blocks.
insert 6 cap screw from Turn Frame position. Tiahten the hi
the SPINDLE MOUNT N L . » . ighten the hinge
PLATE fo the BLOCK @ Attach the soolant > 1 back to original Ves Adjust the position of Linear @ gsmg Hex Socket Cap Place the Spindle
SPACER bolt to the coolant form Ri . Blocks and attach the Top crew Driver on the short din
. ight Y-Axis . . ;
main base Block Mount with the Side rail.
insert 4 cap screw Assembly
from the SPINDLE @ 5 Add Right Y- Angle Mount. No
MOUNT PLATE to <€ : Fix the position Check the assembly
the BLOCK Axis Assembly Fix the No i
Fix the Check the
Check the assembly. "
position. Yes position. assembly.
attach the SPINDLE attach the coolant
MOUNT PLATE to the main base to the Insert Cap Yes
BLOCK SPACER by SPINDLE .
using the dowel pin MOUNT PLATE SCFGW M6 v Left Y-Axis Control Panel erlng
Assembly Assembly Panel
. Assembly
insert cap @ insert cap <Add Left Y-Axis
screw sg{teavgh the coolant Assembly
hose connector to
the coolant bolt
attach the BLOCK
SPACER to the LINEAR @ Insert Cap
BLOCK on each side attach the cable Screw M6
chain to the
SPINDLE MOUNT
PLATE
insert the dowel pin Add X-Axis
to the BLOCK
SPACER Assembly
Fix the position
tighten the Insert button Insert Cap
STOPPER head screw Screw M6
No
attach the STOPPER - Yes P R Add Z-Axis
to the each side of '\/ > A bl
the LINEAR RAIL ssemply
Check the assembly Z-Axis
Assembly
insert the 2 LINEAR
BLOCK to each side Insert Cap
of the LINEAR RAIL Screw M4
inserteap _Add Control Panel
serew 10 )<
Assembly
attach-the 2
HNEARRAlHe
AN PLATE Insert Button
@ Add 2 Wide Bar Screw M5
to Z-Axis Mount
Insert cap screw ..
@ Insert Cap Screw M6 Fix th 12 (Add erlng Panel
ix the Assembly
L position.
Att_ach the limit Add Center Support
switch base to
the TOP PLATE to Wide Bar Insert Button
from below
Cabinet Frame Screw M5 Assemble 2 Side
Insert Cap Screw M6 No Assembly Bar and 1 Main Bar
Attach the sensor .
inductive proximity - Yes J\ o~ Add Cabinet
to the TOP PLATE ” > 4
from below CM Assembly
eckhe Attach C_MGCE2_5 at Insert Counter Insert Cap
iahten the riaid assembly. Y-Axis Centre Profile Sink Screw Screw
ighten the rigi
coupling Insert Cap
Screw M6
Insert Button Add Catcher @ Slide In Side Door
Head Screw Plate to Main Bar in the Frame Add Catcher Plate Insert Cap Screw
Add Right Side to Door Bar Profile
> 16 .
Door Assembly Fix the Attach
it Attach 2 Hinge at Side Insert Ca Attach Main C_UPCN90
position. Bar and Attach Together Screw P Bar Insert Counter @ Handle to th
with Height Bar Profile Sink Screw ancle to the
Insert Button Right Front Door
Screw M4 Left Side @
Attach Insert Cap Screw
Door No Insert Cap C_UPCN90 Insert Cap @ #ttacLh C_ta/I(BBCEs_?Iat
Assembly Screw Handle to the Screw op Length Bar Profile
18 J« Add Left Side B Yes B Left Side Door
Door Assembly ~ A4 Fix the nsert Button @ Attach Door Bar
Add Catcher @ Iqsert Counter Check the position. Head Screw
Plate to Main Bar Sink Screw Right Side assembly.
Door Slide In Door
A bl Insert Button . Attach 2 Hinge at Door Bar Cover Plate in the
Insert Cap Attach C_MGCE2_5 at ssembly Screw M4 Right Front Profile and Attach Together Frame
Screw Y-Axis Centre Profile Door with Z-Axis Mount Profile
Yes Assembly No
; . Yes Assemble Door
Attach C_UPCN90 Handle Insert Button FIX_ t,he ‘ ‘ Check the 20 < Add nght Front /]< <€ H1-13 Insert Cap Insert Cap Screw Bar Profile
at Right Side Door Head Screw position. No assembly. Door Assembly ~ A4 Screw Together
Check the
Insert Cap Attach 2 Hinge at Side Insert C assembly.
Screw Bar and Attach Together Sncerw ap Insert Cap
with Height Bar Profile Screw M6
Attach BACK
Add Left Front Ctéa\fER t°c Insert Button Attach two Put Cap Screw on Attach DRAWER Insert Button QEZ%EIEO&EEF; to
22 € ron HEIGHT BAR, . Insert Counter the threaded Tighten using Cap .
D A bl LENGTH BAR Head Screw with Handles to SIDE Sink Screw hol tth Sorew PLATE on the Head Screw with BASE Z-AXIS
oor Assembly ’ T-Nuts. COVER. Crew. olesatthe Crew. Aluminium Profile. T-Nut. PROFILE and Z-
and TOP Aluminium Profile.
LENGTH BAR AXIS MOUNT.
In_sert Counter Insert Button Attach standard Insert the Ca Attach gt;a;g;l_ll?EE Qt;agTDl—liEandle on Insert Button QSTDC:OU;TPER Insert Button
Sink Screw M6 Head Screw with hinge to HEIGHT P C_MGCE2_5 at Head Screw with
Left Front 3 Screw ; ) DOOR on the Cap OPPOSITE Head Screw COVER on the 3
T-Nuts. BAR. Height Bar Profile o ) T-Nut.
Assemble Door Bar D Screw area. PLATE. Aluminium Profile.
Profile Together A OOLI
ssem
1 y R Add Drawer Attach TOP Attach SIDE
. > COVER to OPPOSITE ] . Attach UPPER
Insert Ca Fix the
p 5 Ves Assembly @ LENGTH BAR Insert Counter Attach SIDE Insert Counter DOOR to the Tighten using Hex Attach Handle to Insert Button ' BACK COVER on
Screw position. and WIDE BAR. Sink Screw OPPOSITE Sink Screw hinge and attach Socket Cap the UPPER Head Screw with the Aluminium
’ PLATE. Ing Screw. SMALL DOOR. T-Nut. ]
hinge on the Profile.
Check the ini i
Slide In Door Cover Insert Button Aluminium Profile.
Plate in the frame No assembly. Add catcher plate Attach UPPER
Screw M4 Insert Button to SIDE Insert Button Add Cather Plate Tighten using Hex Attach Hinge at Insert Ca OPPOSITE to Insert Button
Head Screw with to UPPER SMALL Socket Cap the Aluminium P BASE Z-AXIS Head Screw with
OPPOSITE Head Screw ] Screws.
T-Nuts. DOOR Screw. Profile. PROFILE and T-Nut.
Attach Door Insert Counter DOOR. WIDE BAR
Bar Sink Screw Add Attach 2 hi ‘ ’
N acl inges a
i 26 WorkbenCh No the SIDE Attach Handle to Tighten using Hex Attach Hinge at Insert Button Attach LOWER
Attach 2 Hinge at Door Bar Assembly Fix the position Check the assembly Insert Counter OPPOSITE the SIDE 9 9 9 . PLATE COVER
Insert Cap Profil d Attach Togeth ) Insert Cap Screw Socket Cap the UPPER Head Screw with -
Screw ro ile a}n ac qge er Sink Screw DOOR and then OPPOSITE Screw SMALL DOOR T-Nut on the Aluminium
with Height Bar Profile on the HEIGHT DOOR. : ’ : Profile.
|nsert Cap Yes BAR.
Attach C_UPCN90 Handle Insert Button Screw M3
@ to the Left Front Door @ Head Screw ' Cover Assembly
Insert Cap Attach C_MGCE2_5 at ‘Add Cover
Screw Top Length Bar Profile 28 ‘Assembly
Add Catcher Plate to Insert Counter
Door Bar Profile Sink Screw Insert Button
Screw M4
@ Test Run
No
Good
‘ Result
Drawer Good
Assembly 0o
A
Fix the Fully
i Yes
position. Assembly
‘ Check the
No assembly.
Insert the button head
0 screw and nut to the
drawer Workbench
Assembly
Attach the drawer slider
at both side of the drawer Repeat A3-1
untill A3-4
Insert the cap screw
and nut to the handle Tighten
Cap Screw M3
Attach two C_UPCN90 Ye
handles to the front es
drawer Inspection
No
@ Calibration
Position
Cap Screw M3
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