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IMPROVE THE PRODUCTIVITY OF RUBBER BUSHINGS IN A RUBBER
MOULDING COMPANY BY APPLYING
THE LEAN PRINCIPLE S

ABSTRACT

The rubber moulding manufacturibgsinesseare facing problems to fulfil the
customer requirements and stay competitive with the global players in terms of cost,
guality and services. Some of the notable rubber moulding industriessdnle to meet
the customer requirements in the aspect of dglitime and demand. One of the
reasons why most of the rubber moulding manufacturing companies aneadtik to
implementlean manufacturing systems due to a lack of knowledge and information.
The drive for yearly cost savings from automotive custorhassdriven suppliers to
research ways to improve production efficiency and fqatisduction. Companies are
continuously searching for new instruments to optimise manufacturing processes,
which provide considerable increases in productivity, savings arsforogr
satisfactionThis study aims to reduce waste and increase the productivity refttber
moulding manufacturingrocess by using tHeean principleswhich can help identify
waste from information flow, material flow, and process flow. In this \stlean
principleswith the support othe Ishikawa Dagramwere able to find the highest
cessation process that contributed to-malue-added activities in rubber production.
Finishing processeswhich have the highest process stepkected for improvement
study. The study shows that productivity increased by imgletimg the cellular
manufacturing principles. A complete process si@p bereduced from 22.5 hours to
0.5 hours in the Finishing process.

Keywords: learmanufacturingleanprinciple, waste, nofvalue added, Value Stream
Mapping.



TINGKATKAN PRODUKTIVITI BUSHING GETAH DALAM SYARIKAT
PENGACUAN GETAH DENGAN MELAKSANAKAN
PRINSIP-PRINSIP LEAN

ABSTRAK

Perniagaan pembuatan acuan getah menghadapi masalah untuk memenuhi
kehendak pelanggan dan untuk bersaing dengan pemain glolssgi&os, kualiti dan
perkhidmatan. Sebilangan industri pembuatan getah terkenal tidak dapat memenuhi
kehendak pelanggan dari aspek permintaan dan waktu penghantaran. Salah satu sebab
mengapa kebanyakan syarikat pembuatan acuan getah masih tidak dapapkaene
sistem pembuatan yang maju (seperti Lean Management) adalah kerana kurangnya
pengetahuan dan maklumat. Permintaan pemotongan kos dari segi tahunan dari
pelanggan automotif telah menyebabkan para pengilang mencari jalan untuk
meningkatkan kecekapammbuatan dan meningkatkan pengeluaran. Pengilang terus
mencari alat baru untuk meningkatkan proses pengeluaran mereka yang menawarkan
keuntungan produktiviti yang besar, peluang penjimatan kos dan kepuasan pelanggan.
Kajian ini bertujuan untuk mengurangkpembaziran dan meningkatkan produktiviti
prosespembuatan bahan acuan gethimgan menggunakan prinsip Lean, dimana ia
dapat membantu mengenal pasti pembaziran dari aliran maklumat, aliran bahan, dan
aliran proses. Dalam kajian ini, prinsip Lean dengagnem gan fil shi kawa
dapat menemui proses pemberhentian tertinggi yang menyumbang kepada aktiviti yang
tidak bermanfaat dalam pengeluaran getah. Proses Finishing, yang mempunyai langkah
proses tertinggi dipilih untuk kajian peningkatan. Kajian merkkgo bahawa
produktiviti meningkat dengan menerapkan prinsip pembuatan secara selular.
Keseluran proses Finishing dapat dikurangkan dari 22.5 jam hingga 0.5 jam.

Kata kunci: learmanufacturingleanprinciple, waste, nofvalue added, Value Stream
Mapping.
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CHAPTER 1

INTRODUCTION

The first section of this report incorporates the description and limitations of the
research. This chapter explores the history of the study and the context of the company.
Problems are identified by analysis and objectives to be reached in the study. The field of
the analysis will be narrowed. The structure of the research is brieflylmksin an orderly

way to ensure better visualization.
1.1. Research Background

The terminology a n dMa rnou fi anccti wprliersg 6o f( LML e :
implemented into the industry since the 1990s. Over nearly thirty years, several businesses
in different industries have made lean use of waste management and continuous
improvements. While lean has demonstrated its stremgitheadvantages over the years,
some businesses remain reluctant to use this prodéss.Lean Manufacturingis
recognizedas a beneficial way to identify and remove waste throughout production
operations. This methodology @haracterizedas systematic andrganized using the
unknown sources of waste to determine, deal with and avoid performance challenges. The
industries utilize the Lean Manufacturing approach to retain competitiveness over
competitors by enhancing production efficiency and improving production process quality.

Lean manufacturing focuses are continumgeducenonvalueadded operations and



optimize valleaddedactivity by reducing operating costs and increasing production
process efficiencyNonvalueadded operations generally add expenses to operations
without benefits, and activities might be seen as waste. This means that activities that do
not addvalue to the customer's processes and operations are seen as wastevahae

added activitiesThe loss can be categorized irgmht areas at Lean Manufacturing:
defects, overproduction, waiting, inventory, oypeocessing, motion, transpognd
unutiised talentIn the systems, waste management greatly improvesdstyproduction

operationsChoomlucksana et al., 2015)

Activities may becategorizednto two groups in the manufacturing industry: value
added and nomalue added activitig@ostafa et al., 2013Amrina et al (2019)indicated
that nonvalueaddedactivities may be decreased aralue-addedactivities enhanced by
process waste removddurthermoreKumar Singh et al. (2014tatethat Lean Principle
is projected to increase efficiency in output, meet customer demand changes, and reduce
inventory levels. Activities which offer no value to the customers should be avoided since

they arerecognizedas waste throughout the productiongess.

The nonvalueadded activities which are seen as waste should thus be avoided in
the production and waste elimination in the operations is essential for an organization
operating in the present market. In additigkmrina et al., 2019¢ited Shingo (19 87) that
waste has a detrimental influence on companies such as inventory which raises@roducti
costs due to extra handling and space required, process delays and insufficient handling
which raises redundancy rates. But nowadays businesses must compete-éprahitgh
and affordable items to suit consumers' wants in the quickest feasible @Fenada et

al., 2019) Similarly, an automotive parts supplier Company Y whscarubbemoulding

2



manufactuer faces higlcompetitionin the part cosfThe observation made at Company Y

in order to determine wastes throughout the production process. The purpose of the
observation is to identify the causes of waste, such as wasteful waitiagvasteful
material movement, and extra warkprogress materialslt is also critical to eliminate

such wastes in order to remain competitive in the market. The goal of this study is to

identify wastes during the rubber production process using haarigles and tools.

Company Y's rubber molded components are utilized in a variety of industries and
manufacturing processes, includipginters, automobile components, and household
appliances. In Company Y, three key processes are involved: metalgti@pnamolding,
and finishing. The first step is metal preparation, which involves cleaning thaufpre
metals with degreasing chemicals and applying adhesive chemicals to allow the rubber to
bond to the metal. Second, the molding process is used to tsteapaober or glue the
rubber to the metal tubes according to the customer's specificafiung, the finishing
process involves cutting or eliminating excessive rubber prior to 100% inspection.
Furthermore, the finishing process of the molded comporentprises sanding, brushing,

swaging, bonding test, antirust oiling, and so on.

A research project was done to identify wastes in the processes in order to aid
Company Y in eliminating wastes in the rubber manufacturing processes using lean
principles. Stategies to eliminate the detected wastes, as well as a future state map, will be

offered to the management of Company Y.
1.2. Problem Statement

In this research project, an automobile bushing manufacturer (Company Y) in

Klang, Malaysia, is chosen as a case study. This company's products are manufactured in
3



accordance with client specifications, and the factory layout is determined by the kind of
operations. The manufacturing lines for various operations (such as metal preparation,
moulding, and finishing) are separated independently. The management of Company Y is
dissatisfied with the growth in operational costs as well as the overall growthrkArwo
progress and finished goods inventorielse factory's present layout will be analysed in
order to discover the limitations of ineffective process flows. The quantity of-werk
progress (WIP) in the finishing process between workstations is commnoubber
production. They have a high inventory value at the end of each month. Furthermore,
Company Y desired to detect wastes and enhance productivity by utilising the Lean
Principles in order to boost productivity and eliminate wastes in the manufacturi
processes. To address these concerns, it is necessary to identify and characterise the major
sources of waste. Methods for eliminating the wastes suggested to Company Y's senior
management. It is vital to determine the primary waste regions and ydbatifeneck

processes in order to resolve such problems.

To summarize, Company Y's operations require significant development and
improvement. Many areas require clarification and development, including material flow,

layout, WIP inventory between workstans, and inspection time.
1.3. Research objectives

This research project focuses on the successful use of Lean Principles practices in
the manufacturing industry for a manufacturer of rubber parts. Discovering and
highlighting the need of reducing nealueadded activities and improving customer
satisfaction through continuous waste reduction. By standardizing all production lines and

applying Lean Principles, the goal is to remove redundancy in the manufacturing process.

4



This research is aimed at using tiean Principle in the rubber production industry, which

is distinct from other sectors as rubber needs to be cured before all the work is dene. Non
valueadded activities will be investigated in the manufacture of rubber by identifying the
major source ohonvalueadded activities and wastes in the raw material process before

it reaches the customer using Value Stream Mapping ideas.

The study's purpose is to identify appropriate Lean Principles ideas to be used in
order to continuously improve and removersvalueadded operations in the rubber

manufacturing industry. This research project's objedsive:

1. To investigatethe key sources of neralueadded activities in rubber
manufacturing,

2. Toidentify the factors to be considered to appganPrinciplesin the rubber
manufacturing industry.

3. To suggestthe advantage dfean Principlesapplication in improving the

productvity of therubber manufacturing industry.
1.4. Research questions

In addition to achieving the given goals and meeting the project goal for Company
Y, the likelihood of building a generic process or system should be considered. This
approach would then lead the structure of Company Y in terms of how the output is
handled efficiently. Company Y can obtain the knowledge of a situation in which the
organization's operations will be investigated and provide comments on how lean

principles might be utilised intber manufacturing organisations.

The following are the research questions:



1. What are the key sources of nemlueadded activities in rubber bush
manufacturing?

2. What are the factothatcould be considered to apgdlganPrinciplesin the
rubber bush marfacturing industry?

3. What are the advantages lafan Principlesapplication in the rubber bush

manufacturing industry?
1.5. Significance of the Research

The aim of this research project is to offer a future state of value stream mapping
for Malaysian automotive rubber components producers. It wants to reduc&lnen
added processes and waste within the operations from order reception through the
distribution of completed parts to its customer. To attain this objective, Value Stream
Mapping serves as the scope of this research study to determinealneadded
operations in the production processes. The findings will be suggested as a future state
value sream mappingBy identifying the areas that can be improved, the companies can
then adjust their processes in order to reduce thevalmeadded activities and wastes.
The results of this researghnojectwould be of value to the rubber pan&nufacturing
companies who want to increase profitability by continually reducing thealole added

activities and wastes.
1.6. Definition of Terms

The following vocabulary and phrases in this study will give readers a good

knowledge of research terms.



Lean managementLean Management is a complete strategy for detecting and eliminating
waste by gradually optimizing the system at the customer's request in pursuit of excellence

(Janis, 2015)

Lean manufacturing: Lean manufacturing is a Toyota Production System framework that
seeks to continually reduce waste and shorten the time cycle from customer purchase to

actual saléAmrina et al., 2019)

Lean processThe lean process is a technique for enhancing productivity by removing
superfluous activities and enhancing performance. The lean processinsesrknown as

"lean," focuses on designing goods and services based on what consumers desire. By
decreasing waste and increasing customers' satisfaction, the lean process saves companies
costs and improve total profitabilitythttps://www.graphicproductsom/articles/lean

process)

Value-added:An operation or service that provides value to the product or service and that

the customer is paying for the activ{lanis, 2015)

Non-value addedAn activity or service which provides no value to the product or service

and which is not included in the price the customer pdssis, 2015)

Muda: A process that does not add valuWéaste split intoeight categories of waste:
overproduction, waiting, transportation, improper manufacturing, inadequate
material,excessive movementefectsand unutilized talen{Ahmed & Chowdhury,

2018)



Value Stream MappingBakar et al. (2017Quoted Rother and Shook (2003)dagining
Value Stream Mapping as a systematic approach to identifivaloeadded operations

and waste.

Current State Mapping: A current state map is a snapshot of how a function is performed
currently. It demonstrates the current methodology for mingugoods or providing

services to consumers.

Future State MappingA future state map is essentially a prediction of how a value stream

might appear six to twelve months in the future.

Ishikawa Diagram:Doshi et al. (20123tate that Ishikawa diagrams, also called fishbone
or causes and effects diagram, are used to define caubepmblem from various angles
through brainstorming and cro$snctional teams. The known root causes are then

reported and consensus ends.

Kaizen: Sloas (2017)efines Kaizen as a continuous, incremental im@moent of an

activity to create more value with less waste

Metal Preparation ProcessProcess of cleaning, degreasing, and applying adhesives for

bonding of rubber to metal at moulding process.

Moulding ProcessThe method of moulding starts with the timed of rubberin a hopper.
The rubber is then injected into a closed, hot mould. The melted rubber assumes the form
of the mould that surrounds it instantly. The mould is opened and the rubber part released

after it's fully set.



Finishing Process:The process of removing excess rubber, swaging the exterior metal to
the appropriate shapes, inspecting the product for any defects, storing defective parts for

repair, providing final finishing, and preparing them for storagleedtnishedgoodsstore.

Bottleneck:Bottlenecks are known as tasks that require more time to complete and/or have
much fewer assets available to them compare to the other pro(iRebesi & Zahraee,

2015)



CHAPTER 2

LITERATURE REVIEW

The present research project's first step is to conduct a literature review. The purpose
is to offer a full understanding of the subject at hand, outlining key aspects of the research
to the point where the researcher or peshagaders get interested in distinct patterns in
present and potential research. However, a range of papers, documents, and researches on

lean manufacturing will be reviewed at the beginning of this research.

2.1 Lean in Manufacturing Industry

A system of combined production factors which include typical input factors
namely raw and ancillary materials, information, séimished products, energy and space
as a typical output of parts, products and waste is the general understanding of
manufacta i ng system that has been anchored
perspectives. Known as one of the major elements in the prosperity of nations, fabrication
continues to be an indispensable root of introduction and growth. Adjusting to fresh
challengs and trends, many manufacturing plants had changed the manufacturing
paradigms for the last two centuries in order to ascertain the competitiveness of the
manufacturing industrySprouting trends byhe customers such as demanding a highly
tailored produt; environmentally friendly production and having a small impact on the
environment are some of the progressing drifts faced by manufacturing plants nowadays

and future manufacturers as well.

10



Multiple definitions of manufacturing can be obtained whererregfg to past
researches. Human activity or the procedure of generating something from nothing by
using hand or machinery involving materials cutting process is the definition of
manufacturing as stated kbylerriam Webster dictionaryAccording to theBusiness
Dictionary website the definition of manufdaring is the procedure of creating a new
product with the help of tools or machines by altering the physical translation of the
material using a chemical or mechanical method. In conclusion, manufacturing generally
carries the idea of transforming raw eréls or components and parts into a finished good
that complieswvitht he cust omer 6s demand and ter ms.
marntmachine set up with partition of work was commonly used for the manufacturing
process. Toyota production systerinciples or greatly known as lean production have
progressed and effectively executed by Toyota Motor Company which implemented two
pillar concepts of Just In Time (JIT) and Autonomation which is smart auton{atzan
& Hafez, 2013)Aziz & Hafez (2013)guoted Womack et al. (1991) as shown in Figure 1
that the circumstancesnd vast shortages of material, monetary and human assets that

conveyed Japanese manufacturers at that ti

11



Mass
Production
Practices

Beginnings of
Lean Production

Figurel:Starting of lean production (Aziz & Hafez, 2013)

2.2 Lean principle

According toDevaki, M. P., & Jayanthi (2014Womack and Jonedefine Lean
thinking as a sequence of five key principles, with the first four leading to the achievement
of the fifth. The ive lean standards which are vital and essential in constructing lean
association are necessary to be observed in order to aaiéme perfection. The word
incline can be defined as the rationality of assembling that focuses on transmitting the
greatest quality item at the slightest cost according to the time required. Recognizing the
value, mapping value stream, constructing flaneating pull and perfection are the five
significant lean standards in certifying the accomplishment of lean execution which is

shown inFigure 2 as claimed in the book of Lean Thinking Womack et al. (2007)

Similarly, Lucato et al. (2014 xlaims that Lean Manufacturing used for identification

and progressive minimigan or elimination of waste sources, based on five principles:

12



first, the definition of value based on the customer's point of view and needs; second, then
determining the necessary activities for
through he definition of a value chain. Third, the manufacturing of the product is based on
a continuous flow, which is triggered only when the client places the order, fourth, based
on the fundamentals of the pull production. From these four principles andlitediah

of continuous (Kaizen) or radical improvements, the fifth fundamental principle,
perfection, is sought within the systeihese five Lean principles were chosen for this

studyas they are the fundamental principles to the elimination of waste.
5. Pursuit
Perfection

4. Establish <8 1. Define
Pull y L ' va'"‘

3. Create — [ 2. Map Value
Flow Stream

Figure2: Five significant lean principles (Womack et al., 2007)
2.2.1 Definevalue

This first principle communicates with the customer in the form of a particular item
that consent to the demand of the respected customer at a specific price and distinct time
which later will take a vigorous approach in identifying additional approadha&srthy

value towardghe customerProducts and systems need to be able to adapt to achieve
13



potential consumer value without wasting production resources on inefficient products
(Erikshammar et al., 2014Marandi (2018)cited Austin (2013), which stated that
whenever value is recognised, vaagded and nowmalueadded activity can be
distinguished. Valuadded operations are those that convert the raw material to the end

user requirements. The other activities are wasiduda.

2.2.2 Value stream
According to Marandi (2018) Value Stream Mapping (VSM) consists of the
el ements fimapping the current state gapo a
presents a visual representatiof the valueadding and nowalueadding activities in a
process. The future state design is a value stream where the identified problems of the
current state have been remedied. Value Stream Mapping (VSM) is a simple but very useful
tool of lean which fye a transparent vision to the process owners about what is going on
the shop floorMapping the value stream helps to detect the flow and order in processing

the product from raw materials into finished goods shipped to the customer.
2.2.3 Create flow

The flow which is characterized by time, cost and value starts from the beginning
of the process comprising of raw material to the assembly process and ends with packaging
as the last procesklarandi (2018xited Austin(2013) as stating that the manufacturing
process should flow without interruption from the moment the customer placed the order
until the product is received. If any purpose such as computer downtime interrupts this
operation, waiting for stock and prosexy because of defects, then it is regarded as waste
and should be eliminated. Both fields that have a greater effect on flow processes include

resource and knowledge flow. The method must be fluent and rearrangement of thought,
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great efforts and persegrce is a big challenge in the area of lean governance. Processing
of "onepieceflow" versus production "batches” or "masses"” has many superiors, most
importantly process reductions, reduced idle time, avoiding surplus production, rapid

identification ofdefects and eventually increased performance.

2.2.4 Establish pull

Define pull as the need to construct something at the customer's order. The first
sensible result of converting divisions and basdhto product teams and flows is to reduce
the time needed substantially from design to introduction, sale to distribution and raw
materials for the consumer. This saves considerable time in preparation of production,
handling of orders and physical pration. The manufacturer makes what the customer
needs at the right time and as much as needed by using the pull production method. In other
words, the products from the supplier are pulled by the consumer if requested instead of
being pushed over to thestomer. By using this method, the demands of the consumers
become even more predictable than avoiding overproduction because they know that what
they want is available immediately and also that manufacturers don't discount unnecessary

products for sale

2.2.5 Pursuit perfection

When in a company, value is specified, value stream is identified, production
processes flow smoothly and customer is able to pull product from the company, lean
thinking is running in that firm by previous four principles. The lash@ple of lean
thinking, perfection, is about continuously maintaining all these improvements. It means
that effort for reducing time, cost, space and mistakes while producing a product that

conforms to customer &ds r e ungwatente flotvfasteri s an
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makes wastes detectable in the value stream and the harder you pull, the more flow

obstacles are identified so they can be eliminated.

2.3 Lean tools and practices

Lean manufacturing consists of a wide range of tools and techniquae die
different tools and techniques fapplyinglean principlesn theindustry. Hines and Taylor
(2000) characterized that lean tools and techniques can be used in several industries and it
is shown to be efficient instruments for waste eliminaéimhconstant enhancementtoke
manufactuing system.Table 1 below provides a description of previous experiments in

terms of lean approaches used and outcomes obtained on the basis of the respective tools.

Tablel: Leantools and practices description (Aziz&Hafez, 2013; Dave, 2016; etc.)

Tools and practice Description

5S Tool for the organization of the workplace and the promotio
teamwork (S1) Seiri (Sort): sort through things, retain wha
required and dispose of what is not; (S2) Seiton (Straigh
arrange and label everything; (S3) Seiso (Shine): which may
reveal irregular and piailure conditions; (S4) Seikets
(Standardize): create rules for maintaining the first three S's
(S5) Shitsuke (Sustain): manage to maintain a stable workplag

promote continual improveme(ziz & Hafez, 2013)

Veres et al(2018)believe thaimplementing and maintainintpe
5S method and standards amcompanycould lead toimproved

performances.
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Tools and practice)

Description

Kaizen

Kaizen word is made of two words Kai and Zen, meaning s
improvements. The method of constant improvement to asses
enhance the time, resources, efficiency and other paramet
each process constantly in termsiofd needed, as there is alwg

space for improvemeiriDave, 2016)

Dave (2016)bservesn his research that the overall productiv
of an organization can be improved significantly by implemen

Kaizen lean principle.

Justln Time (JIT)

ThefJust in Timeé (JIT) strategy is based on a lean manufactu
method tlat was built to maximize and increase productivity
manufacturing by reducing lead time in manufacturing by w
elimination. It was developed from the Toyota ProducBgstem
with the intention of minimizing inventory and increasi
throughput. It wagdefined as an approach to produce the r
component and quantity when either the end customer or the

phase is requireAdnan et al., 2013)

In their research papdXaufal et al. (2012hote that the results (
the implementation of Just In Time improve lead timeprocess

and finish goods inventory, and the completed area of goods.
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Tools and practice)

Description

Kanban

Kanban means card in Japanese, where the cards contain
information needed for that program. As a method to co
material flow patterns, the Kanban system effectively ble
upstream operations with downstream operatiéhs.Kanban pul
method las been commonly used in repetitive manufactu
environments to reduce work in process inventory and imp

operational efficiencyAdnan et al., 2013)

According toRosnah & Othman (2012using the Kanban leg
concept in a case study organisation results in considerable gi
overall performance, allowing it to be more productive, adapti

and lucrative.

Value Stream
Mapping (VSM)

Value Stream Mapping (VSM) is a map that records the mate
and information flow that helps to identify losses in the proces
In order to satisfy customers more efficiently and reliably, VS|
aims to recognize and remove waste in a manuifagtline. The

main objective of this method is, therefore, to reduce the time
between order placement by the customer and the date of de

(Andrade et al., 2016)

The research paper published Bphani & Zahraee (2015
identifies a value stream map that is being used to identify

reducewastes that added no value to the final product The ft
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Tools and practice)

Description

VSM then utilised to illustrate the ultimate outcomes by integrg
various lean manufacturing approaches such as 5S, K

method, Kaizen, and so on.

Standardised Worl

Standardized work means that each job is structured and dg
the most efficient way, irrespective of who is doing the job,

the same quality. Each employee continues to follow the
production processes, the order of steps and the parts retju
complete a job. This makes sure the line is balanced, minimiz¢
unused inventory of the wotik-process, and reduces the val

added operatio(Ramesh Babu et al., 2016)

Braganca & Costa (2015)bserves that the application of t
standardised work had normalised the cycle time between st

with the same processes.

Single Minute of
Exchange of Dies
(SMED)

Single Minute Exchange Die (SMED) is aea&n Think
methodology that enables quick change techniques to reduce
times and changing times. The target of SMED is to achiemeps
times in less than 10 minutes. While not all configurations ca
reduced, between 1 and 9 minutes, the SMED tgquabkns intendec

to accomplish thigMejzlik et al., 201 Zited Shingo, 1985).
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Tools and practice)

Description

Kumar & Syath, (2012)claims that a significant result ws
achieved with the implementation of the SMED lean tool.
writers also claim that the implementation of SMED in the ¢
study company had improved the response time to custd
demand, increases workers?o

and health and parallel operation system.

Visual

Management (VM)

This involves steps to make it easier for the concerned workg
understand quickly the system status, such as compo
equipment, manufacturing operation and performance indic

(Queiroz et al., 2015)

Roriz et al. (2017)tate that visual management can be use

overcome the lack of organization in the production area.

Line balancing

The time variability othe job is mainly due to human uncertain
in relation to work rate, capacity and motivation and the
vulnerability to failure of complex processes. Such variability
sources are regulated by minimizing men's and machine's mg
costs. Upon requests, themiper of staff and equipment in the
workstation is increased or decreased to counteract the distof

(Sundar et al., 2014)
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Tools and practice)

Description

Based on the study conductedMgllusamy & Saravanan (2016
the authors concluded that lean implementation in the case st
system reduced setup time and transportation time with the h

line balancing.

Cellular
Manufacturing
(CM)

Cellular manufacturing is the gathering of various devices for
manufacturing of the component family. For each part of the

family, VSM provides route maps, which combine the differen
machine to form a cell together. These different equipment ar
sequatially clustered to satisfy the process requirements of a
product family. By moving workers, workstations or both into ¢
U-shape structure to enhance the interaction between employ
the effective and productive clustering of the unit or cell is

increagd(Sundar et al., 2014)

Bevilacqua et al2015)observe that the redesighthe assembly
line to a Ushaped cell layout had minimized the operator
travelling and resulted in threduction of downtime due to
operat or s06 nmuathteendepartment ta $tockrtig

necessary materials.

Total Productive
Maintenance
(TPM)

Operators and maintenance workers work together to detect 4
irregularities in the equipment. TPM blends impat parts of

preventive maintenance and predictive maintenance. TPM is
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Tools and practice)

Description

acreative maintenance strategy that optimizes the productivit
equipment, prevents faults and encouragesnsailhtenance by
operators through regular tasks involving total waskBave,

2016)

The industries application levef TPM based lean practices

quite high as compaddo other lean practic§®ave, 2016)

Error Proof Device
(PokaYoke)

The PokaYoke production process is a technique to prevent
errors by designing the production process, equipment and
instruments so that an operation cannot be carried out @ifctic
incorrectly. In addition to preventing incorrect functioning, a
warning signal of some type is normally given by the equipme

for incorrect result¢Dave, 2016)

Adji et al. (2020)state that the defect rate in a case study Zinc
Chrome coating industry had reduced by implementing Poka

Yoke lean principal.

Cause & Effect

Analysis

(Fishbone

diagram)

Causeeffect analyses are commonly summarised in the Caus
Effect diagram. The Caudsgffect diagram was developed by
Ishikawa in order to represent the relationship between the ef
and the potential causes of the effect. The Géiiigert diagram,

sometimes referred to as the "fisbne" diagram, is a structured
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Tools and practice Description

image with lines and twigs (like fish bones) used to stratify an
group causegR. Karim & Rahman, 2012Amrina et al. (219)
state thatd define the root causes of waste, the Fishbone diag
Is constructed. The two or three maximum waste discovered i
screening stage are picked in order to determine the root cau
the waste. The root causes in which measuremeatthine,
material, man, method and environment are studied.
Brainstorming with industry leaders can lead to the identificati

of root causes.

Neves et al. (2018)bserve that problem identification can be
successfully achieved using the Ishikawa diagram and the an

of the graph.

2.4  Types of nonvalue added activities and wastes

Singh et al. (20109juoted Russell and Taylor (19983 indicatingthat activities
can be classified as naralueadded, necessary but nealueadded, ovalueadded. The
primary goal of the lean process is to minimise costs by reducingvaloeadded
operations, which are referred to as waste in any firm that produces goods and/or services

(Dave & Sohan({2012; Mejzlik et al. (201F; Ramesh Babu et al. (20}6)

According toChoomlucksana et al. (201&)dRamesh Babu et al. (201&)ultiple
waste areas are covered by lean theory, notably by overproduction loss, delay, excess
transportation, changeover, inefficient inventories, and deficiencies. From the customer's
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perspectre, these operations add expense and do not turn a product into a more complete
item. Some deficiencies require rectification, over transportation, overproduction, over
motion, downstream groups of persons, who wait for upstream activity and goods and

senices that do not fulfil the customer's requirements.

Furthermore, waste is defined lrydrawati & Ridwansyah (2015s any non
valueadded action within the product lifecyc@assettari edl. (2005)quoted Womack &
Jones (1996) as claiming that remlueadded items are referred to as waste since they
consume but do not provide valdéadav et al. (2012)emonstrate that the basic reason
for nonvalueadded occurrences is lengthy distance, incorrect process, and inadequate

sequence analysis.

The changeover time is given as an interval between the final good part of a
previous order of production and the first good product of the new product order, stated by
Sabadka et al. (2017The changeover time is stated as the time needed to establish a
process in which a certain product operates with all required spgicifis, and is a typical
example of waste, as the changedsex process that generates hidden expenses and no
value provided.Because devices are dormant during chamge intervals, this phase

must be as short as feasible.

According toAmin & Karim (2012) nonvalue-added is created by operators'
distance travelled, duplicated operations, restricted supply, and even idling and transferring
devices. HoweveAmrina et al. (2019argue that it is mostly due to inspection operations

and transportation.

Marudhamuthu et al. (201bglievethatsome of the events on the shop floor such

as the distance between the matersabre and the prduction line and the shift in
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equipment setip period can be considered as realueaddedTime taken to change over
to the next job, according tBerna Ulutas (2011and Puvanasvaran et al. (20123

considered as nevalueadded activity Figure3).

FINISHED Change over to o START
B neaxt ]0b NEXNT JOB
3 -
Last good Chanqge l Scrap | First good
part Adjustmen part by a
stable

Non value added activity

Figure3: Change over time (Berfdlutas,2011)

Sloas (2017)eports that prduction processes are constantly unfinished and might

thus contain defective items. Such defective items can be scrapped or reprocessed. The

author argues that a lower price can be paid for defective merchandise. However, for most

businesses, it is not aption to supply damaged items at lower pricing. The expenses, in

case of rework, comprise of the additional money spent to reprocess items and the expenses

linked to the prolonged processing timeframe resulting from reprocessing are classified as

waste ad nonvalueadded operations.

The following are theeight primary waste typed-{gure 4) that derived from the

literature reviewwhich described by lean thinking:

1. Overproductionit means, producing items in excess of the needed quantity or

before the specified timeame.

2. TransportationMovement waste is defined as any unnecessary transportation

or transfer of items or commodities.
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3. Waiting: The waste of time occurs if not efficiently spent

4. Inventory:Inventory waste is the result of an underused inventoryvanktin-
progress which is solely compatible with the objective of the situation. \Work
in-progress (WIP) defined as a product that does not have been finished.

5. Motion: The waste in motion comprises any excessive movement of
individuals, machines or equipnten

6. OverProcessing:Overprocessing is more effort, more materials or more
operations in a product than the consumer needs.

7. Defects:The period of review, refurbishment or rehabilitation of the excessive
correction step of activities and products

8. Underutlized Talenfi Poor workflow, organizational culture, inadequate hiring

practices, poor or neexistent training, and high employee turnover.

|| s | X

Transport Inventory Motion Waiting

D /{b (~\

Over- Over- Unutilized

Production Processing Defects Talent

Figure4: Wastes of Lean

Sourcehttps://www.insight4business.co.uk/learrrabout-the-8-wastesof-lean/
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2.5 Value Stream Mapping (VSM)

Value Stream Mapping (VSM), according danis (2015)is a lean management
approach to evaluate the current state of the system and plan a future state if the events
arise from the receipt of a customer's order to pay for the products or services provided.
Lean practitioners interprétie output of the modelled processes through a VBNu(e

5).

Marudhamuthu et al. (201%8uggested that the time taken for the parts to mowe fro
one manufacturing process to another could be used as a measuring parameter to calculate
the progress in value stream mapping improvements. Some of theadaleé activities
which can be shown by VSM include waiting time, lost travel time and inactaahime
waiting for a product to operat€igure 4 displays the most common wastages in-non
valueadded operatioT.o measure the success of the lean implementation, the time taken
to move the parts between the processes and the waiting time can be used. The proportion

of time gaps can be measured and can assess the performance of the lean implementation.

Yadav et al. (2012and Andrade et al. (2016)characterise Value Stream Mapping
(VSM), as a simple method of monitoring information flow andtent that can be visually
represented in a future state and imagined in a way that outcomes are much better. VSM's
ultimate goal is to take action towards eliminating all types of waste in the value chain.

Waste can cost time and effort but does netgk provide the worth of the commaodity.
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Figure5: Value Stream Mapping

Sourcehttps://www.conceptdraw.com/examples/vsrsample

Paju et al. (2010¥tate that the target and scale should be as precise as possible,
including the timeframe and should, be presented in tangible units in order to assess the
progress of lean implementation. The authors believe that it is also important in terms of
measurig success for lean implementation to choose the right metric with the right
reference unit. One product or annual production can be the reference unit. The author
further notes that a limited number of visual indications on the value stream mapping will

occur in each phase and not all method will have the same indicators.

According towan et al. (2007)VSM typically emphasizes tirgased productivity
because of the "etime" essence of lean manufacturing. Production processes, material

handling and inventorynanagement are generally expressed in time units in terms of
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production efficiencies. The most popular measurement parameters of VSM are tact time,

cycle time, changeover, uptime, and inventory time.
2.6  Future State Value Stream Mapping

Five generic lean marfiacturing principles are identified in the Future State Value

Stream Mapping, which are as follows:

a) Valueaddedoperations;

b) Worksin a value stream

c) Optimize the process flow and pull system;

d) Empower worker#n the organization;

e) Continbusimprovement

Karim & Arif-Uz-Zaman (2013¥tates thah performance measurement system is

critical in the management of the company because it offers the essential information for
decisionmaking processes; thus, thppropriate measurements must be computed in a
supply chain at the proper time. The authors cited Gunasekaran et al. (2004) as stating that
an organisation frequently fail to reap the benefits of lean principles because they fail to
build the performance easurements necessary to analyse the effectiveness and
performance improvement. Due to the inherent complexity of the manufacturing process,

a measuring method is critical in dealing with these complications.

Most researchers have assessed manufactuangdss by evaluating productivity
or operational efficiencyChoomlucksana et .al2015;Yadav et al., 2012Basri et al.,
2019;Amrina et al., 2019)It is critical to evaluate leanness and select relevant assessment

metrics using the proper implementation gggt According tdarim & Arif-Uz-Zaman
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(2013)s literature study, timeelated indicators are the most important for measuring and

assessing lean achievement.

The Likert Scale might be used accordingKttamis et al. (20090 rate the 5S
Checklist with 5 as strongly agreed, and 1 as strongly disagreed, with 5 being the aim. The
authors feel that a corporation or department that achieves a 5S audit score of 90% or higher
is at an exceptional level. AccordingRdip & MarascuKlein (2015) the application and
support of particular activities and principles of the 5S approach result in the ongoing
improvement of the specified objectives. Furthermore, they proposed that théveliject
established at 75% at the start of the 11th week of implementation and increased to 85%

after the 18th week.

In their research papeFilip & MarascuKlein (2015) indicate that the time
required to trasport items is evaluated before and after the application of Value Stream
Mapping in time loss caused by part travelling distance as 18 seconds per piece. However,
neither in percentage nor in seconds did they indicate a specified improvement objective.
For the OEETech (2017}¥ays that the OEE of the international class is expected to exceed
85%. According tdndrawati et al. (2018) 2% gain in manatturing quantity per day or
a 46% decrease in the total changeover time might be deemed to be successfully lean.
Meanwhile, Table2 shows the WorldClass OEE rates observedMgyak et al. (2013

their research paper.
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Table2: Comparison oOEE factor andorld Class
Source(Nayak et al., 2013)

OEE FACTORS WORLD-CLASS
Avalilability 90.0%
Performance 95.0%

Quality 99.9%
OEE 85.0%

In the research papeKarim et al., 2012 attempted to describe the output
continually before and after lean strategy implementation. The research advised that the
first step be taken towards determining the current status of the approach using several lean
evaluation criteria in terms of productivity, efficiency, vamgded period ratios, and
defective percentage. In this work, the current degree of achievement was assessed via
continuous performance assessment methodology. It is vital to quantify the degweeste
in order to track the impact of progress milestoireaddition, after introducing new ideas
and strategies for enhancing and removing waste the outcomes are evaluated by continual

performance measures.

To improve efficiency, optimise demanddawaste operations, firms undertake
several projects to improve quality on the basis of efficiency principles or process
managemen{Todorovic & Cupic, 2017) The 5S is one of the bdgtown and most
frequently found methodologies to optimise results, accordingotiorovic & Cupic

(2017) 5S is seen by the authors as being among the lean manufacturing processes most
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acceptable and one of the primary needs for six sigma implementation. Thus, their review
of the published article is in accordamveh the fact that 5S is a way for business growth,
training, and development, a realistic approach. The reports have shown that the labour
efficiency of the case study of a rubber company after the implementation of 5S has
improved considerably.This impies management may increase the company's
productivity and profitability by maintaining a healthier, orderly and cleaner working
environment, as well as more by helping employees to develop and involve them.
Researchers also noted that 5S reduces exparispsoduction and has a positive
productivity impact. This study is consistent with the assumption that continuous

improvement programmes such as 58S if effectively used, will lead to increased output.
2.7 Research Summary and Research Gap

Singh et al.(2010) researched the fact that Value Stream Mapping is a strong
technique for identifying areas with a gap and making it easier for the manufacturers to
adopt. In addition, the researchers mention that the benefits in this study are sufficiently

importantfor practitioners to consider minimal implementation and to achieve better.

Leanness production is a continuous strategic planning method that maximises the
operation. Businesses should employ a variety of lean methods and lean values to reduce
redundancyand enhance operations. Optimal use of lean theory is vital, nevertheless, as it
depends much on how the problem of the process is stated to choose appropriate lean
principles and leanness evaluation indicators. Formal approaches to lean technigues are no
available. The strategies employed for a suitable lean concept are focused not only on the

intellectual rationale but more on the rational thinking of the manufacturer's judgement.
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There are various lean approaches available and the same approaches are n
suitable for all manufacturing applications and businesses. The choice of the lean technique
depends significantly on the operations of individual organisations to manufacture
components. The assessment of lean methodologies has typically disregardadetiv
of organisational circumstance8s reported byA. Karim & Arif-Uz-Zaman (2013)

Tiwari et al. (2007) indicated that lean implementation in certain cases contributed to an
increase in wastage, expenses and proggssme for the company. The poor
implementation of lean approaches may lead to other problems in the process to be
improved. Many of the approaches suggested were not supported by functional
performance and so validity was not verified. The present gafadds the creation of an
efficient approach that takes into consideration lean principles and an organisational

framework for adopting lean strategies within the rubber se@iable 3 provides a

summary of the research gap found by the literature evaluation.

These tools were chosen on the basis of the researcher's industrial experience and
the gap seen in the implementatafrthese tools in the relevant industries. Although there
is a wide range of frameworks in the field of Lean Manufacturing, not many of them has

provided:

A A detailed list of the theories, methods, tools and techniques (elements) of

lean production in theubber industry;

A An overview of the lean manufacturing tools may be used in the rubber

manufacturing business.

This research is focus therefore to fill this gap by introducing specific tools that suit

Company Y and the problem to promote the targetedrngaementation through reproof
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between academic work and industrial application. It is noted that most of the study
conducted in the rubber product manufacturing industry has lacked in the implementation
of Cellular Manufacturing principles. There dewver researches on the lean principle
implementation in the rubber manufacturing industries that requires secondary processes,
such as the metal parts preparation before the rubber moulding process and the secondary

processes after moulding.

The data wer collected based on the case studies approach and a future map
developed to make lean in this case study company possible to overcome this literature's
gap. The present gap requires an effective methodology for the implementation of lean

strategies, whicincorporates lean principles and key functions.
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Table3: Research Gaps Summary
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CHAPTER 3

METHODOLOGY

The research methodology chapter is intended to clarify the overall process of the data
collection strategy to be carried out in order to satisfy the resebjettive stated in
chapter oneChapter one tahapter three of this reseangiojectis about describing what
this research is all about, such as the introduction, the related literature 1@vieeyen
how the study is to be carried out the following chapters, chapters four and five will
deal wth the explanation of the idepth analysis and the recommendation to strengthen
the study to improve the study to continue the ongoing felipvof those wanting to do
so. In this research, there are many methodologies to achieve each of the gohés, but t
connection between all the objectives will always be preserved and the flow of the research

would be consistent.
3.1 Design of the study

This chapter presents detailed information regarding the methodological design of
this researclproject The purpose of this study is to propose appropriate lean principles to
constantly improve and eliminate nrealueadded activities in the rubber industry, as

indicated earlier in Chapter 1.
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Choy (2014)cited Neuman (2006) as stating that designing the study requires making
decisions about the type of case or samples to select how to measure relevant factors and
what resarch techniques such as questionnaires or experiments to be employed. The next
step is data compilation. A quantitative researcher tracks and verifies information very
carefully, almost always in a single number and typically converts the information into
computefreadable formatéChoy, 2014) Quantitative data can help to compare variables

with their effects. The data analysis phase is then substituted. In order to draw a conclusion,
the analysedata must be studied with background information on the topics and questions.

The last step in the study is to write the report in a certain research {Q@inogt, 2014)

The sources used to coraf® this research can be divided into two types which are
primary and secondary. These sources also act as methods to gain data and information in
completing the research. Primary source gains mandatory data and information through a
study conducted at Cqrany Y. The secondary source for analysis will be through journals,
proceeding papers, books and internet website to contribute towards data and information
for the research. The subsequent data collected will be used to facilitate in developing and

building of a model of simulation.

Using the primary source, the initial phase in the analysis is to observe the
production processes in order to find answers to the research questions and to establish
value stream mapping for the case study. Data and infoimiagarding this study have
to be gathered by observing the processes of each main processes and daily activities of
the employees. To do this, the researcher needs to go to the production plant and study the
flow of the materials and processes on the pctdn floor. Precious data need to be

gathered to figure out the current state of the production and identifying the major wastes
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by observing the process flow, manufacturing steps and routine of the company. When all
of this becomes clear, improvements & be recommended aaduture state map to be
set by applying lean tools from the secondary source. The flowchart shdvigune 6

below is designed to illustrate the methods to be used for the research.

Figure6: Flowchart of research
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Identify problem
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3.2  Flowchart to achieve the first objective

The flowchart shown irigure 7 below is designed to demonstrate the approach to
be used to accomplish the first objective of this reseamaject which is toinvestigatea

product or product family for the study.

Gather information of
activities & type of products

Design product family
matrix

II

Identify products with
similar processing steps

Identify product that has
value & needs improveme

Define process flow of the
identified product

Collect data through
observation & interviews

Data processing and
analysis

Figure7: Flowchart to achieve tHest objective
Step by step methodology for achieving the first objective is descrilibe sub
sections below.
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3.2.1 Gather information about activities & type of products

To perform observation, to create a value stream map and to do procunctigsis,
a proper sample needs to be chosen. Since Company Y is producing a large number of
rubber products for the automotive and other industries, the researcher had to understand
and categosethe products. Hence, before doing the production prodeservation, the
researcher needs to get basic information about the scope of activities and the main group
of products in Company Y by interviewing the key personals of sales and production. This
will give an initial idea about what categories of the patdithat are produced in the

company needs improvement.
3.2.2 Design product family matrix

Amin & Karim (2012)states that it is ingrtant to identify the product or product
family for lean process improvement. The authors cited Abdulmalek & Rajgopal (2007) as
stating that the first step applyinglean manufacturing is to define a particular product or
product family as the targetrfanprovement. Characteristically, a product family consists
of a group of product variants that pass along comparable processing procedures and use

similar tools in the manufacturing processes.

Kamne & Sjoberg (201%)ited Olhager (2013), Roother & Shook (1999) and Erlash
(2013) as recommending a common way of designing a product farifins to list all
the products along the vertical axis and the different resources available or all of the steps
needed to produce the complete products in the plant on the horizontal axis. Next, every
product gets a mark in every cell of the resouitceses or flows through in its production
process, an example shownTiable4. Once this is completed the different products can

be grouped together by studying similarities in production steps or resources.
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Table4: Example of a product family matrix (Source: Q1Macros)

Product Family Matrix
4ifzne0

Date:

— -

Product
Praduct 1 X

Praduct 2 X
Product 3 b
Praduct ¢ b
Product 5 X
Product & X

Praduct 7 X
Praoduct & X
Product 3 b

Praduct 10 X
Praduct 11 X
Product 12 X
Praduct 13 b
Praduct 14 X X
Product 15 b
Praduct 16 b X
Praduct 17

Product 15 X
Praduct 13
Praduct 20
Product 21

Praduct 22 X

Praduct 23
Product 24 X

3.2.3 Identify products with similar processing steps

The ASQ website mentioned that the next phase would be to find correlations by

analyzing the matrix and searching for parts that haveommon or equivalent

manufacturing process. Also, check for péntst share about 80 per cent of the steps. The

website has recommended that attention be given to products that involve several of the

same steps and techniques that can be produced t@yéthdre same staff using identical

or comparable stefsmore effedvely in the manufacturing process.
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3.2.4 Identify a product that has value & needs improvement

Once the similarities are identified, then the process family need improvements to
be identified. The ASQ website suggested a list of some common reasons for picking

certain processes, and to consider for conducting VSM.:

1 High value

1 The highest lead time or inventory

1 The biggest impact on the customer

1 The highest probability for success

1 Most visible to stakeholders

1 New product or service line

1 Volume orquantity.

In order to do the observation for the study, a product family to be chosen to conduct
a holistic observation to map the manuf act
production supervisor 6s ptweHiceproguctsierstheneed t
chosen categoriemrethe most profitable product for the company and any improvement
in the production system can influence directly the company profitability. A product
sample to be selected has repeated orders several times dunbgeheation to allowhe
gathering of the data completely and consequently to ai@atae stream map. Therefore,
a product quantity analysis will be conducted with the Sales Head. Next, a specific product

will be chosen from the results of analysis angjoing orders to study its manufacturing
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processes from receiving raw material to the delivery of goods. This product, hereafter will

be calledPart X.
3.2.5 Define the process flow of the identified product

When it became clear which product will be usefbtws on for data gathering and
creating VSM, the researcher to identify the current state map of Part X manufacturing.
The researcher to interview the process engineer to understand the production processes of
Part X. Once the researcher found out albleiinvolved process steps, an updated layout
of the production floor would give a good vision to the researcher to better learn the
location of parts and also to help out with the flow of the processes and materials easier in

the next steps of the study.
3.2.6 Collect data through observation and interviews

The researcher to interview the head of each department to know what are the
process steps will be done within their part if they receive an order for producing Part X.
The information on the process stepscerningPart Xis to be gathered and Value Stream
Mappingdeveloped for the current state. The researcher needs to gather information about
the processes and also the order of these processes that they should do in resgpectt of
With this gained information the researcher to set up appropriate tables gatleteng
specifically forPart X. Informationto begathered from the KPCS system as well as from
the shop floor. Information was collected on cycle time, change ovey tiomber of
operators, number of shifts, inspection points, and the quantity of Tié°results of the

observation will be analysed to create current value stream mapping (VSM).
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3.2.7 Identify key sources of VAA & NVAA (waste)

Using the current state of Value Stream Mapping and examining pnatated
process conditions could provide aitial evaluation of the issu@min & Karim, 2012)
As recommended bpmin & Karim (2012) the Value Stream Mapping can be used to
evaluate process charts, locate process steps that can be omitted, transferred or streamlined
for better flow. The researcher used paper and pencil to chart the present and potential
condition of he Value Stream Map and transfer it to MS Excel. Theeot state map
would show the flow of both material and information. The collected data was added to the
current state map to show what was happenirthemanufacturing of rubber products

processes.

The possible improvements using lean manufacturing techniques could be
investigated by analysing the current state map. The expected result is a lean
implementation plan, which clearly states that what is the problem, which tool is applicable
for the identified problem, what is the deadline, and who is responsible for completing this

task.
3.3 Data analysis

The collected data through visual observations to be organised and comtilied
the results to be presented in the forms of time analysis graphs and current value stream
map. The researcher to analyze the current situation of the Part X processes. First, the VSM
to be evaluated to identify the bottlenecks of the production proc€xses these process
steps are detected, the data to be analysed in deitlthe aid of time analysis graphs.
The researcher aims to know which step of the processes in each department affects the

performance of that department.
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Data to be obtained fadhe measurement of various parameters such as average
cycle time, change over time, number of operators, number of shifts, inspection points, and
the quantity of WIRateach process. Process Engineering assisted in determining the cycle
time for each proess phase in the processes of Part X. The results of the data obtained to

be displayed in a suitable table format.

The dentifying problem, bottlenecks and different types of wastes and then finding
their root causes, will allow the researcher to suggesiture value stream map by

optimizing these issues.
3.4  Suggestion for improvements

The researcher shall attempt to depict a realistic look at what was happening in the
production of Part X. The researcher to use the presented graphs and maps with
recommendations to improve the efficiency of thHeart X production. The
recommendations cadilbe short or long term, where the short term can be implemented
with low investment cost and immediately. Whereas, long term may requireedsgh
investment such as automation and need longer time for implement&ti@mesults of
applying the longermimplementation may appear after several monifihe flowchart
shown in Figure 8 below is designed to demonstrate the approach to be used to accomplish
the second objective of this research project, which is to identify the factors to be

considered to applthe lean principle in the rubber manufacturing industry.
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Current value steam map

Data collection

Data analysis

Identify value added & non
value added activities

Analyse problem using
Cause and Effect Diagral

Identify suitable lean tools t
solve the problems analyse

Propose future state map

Figure8: Flowchart to achieve the second objective



3.4.1 Flow chart to achieve the third objective

The flowchart shown ifrigure 9 below is designed to demonstrate the approach to
be used to accomplish the third objective of this research project, which is to dhggest
advantage of lean manufacturing application in imwprg the productivity of the rubber

manufacturing industry.

Review Norvalueadded
activities

Review the current Lean

Principles practised

Suggest relevant Lean
Principles & it's advantage

Figure9: Flow chart to achieve the third objective

3.5  Propose future state map

Drawing the Future State Map target for a lean flow through the production line

and the elimination of the root causes of the wastes ident8@uple of the Future State
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Map as shown irrigure 10. The future state map for Part X to be generated using lean
principles and recommended to the leadership of Comparig the future state, it is
possible to observe how the suggested impreveswould increase the effectiveness of
the Part Xprocess step3.he future state mapping will also help the team to see how the
process should work once the waste eliminafdd third objective to be achieved by

proposing a future state map to the top management to obtain input and gain mutual

agreement on the direoti of the future state map.
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Figure10: Example offuture state map iacasestudy(Muvunzi et al., 2013)
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CHAPTER 4
DATA ANALYSIS AND RESULTS
4.1 Identification of the key sources of the nowalue-added activities
4.1.1 Gather information on the activities and type of products

The next phase of the study was to start gathering as amipbssible of the
necessary information on activities and type of prod€amne & Sjoberg2015) cited
Struat et al. (2002) as stating that interviews are an essential method of gathering data in a
case study, a Focus Group Interview was therefore conduStmiTable 5 for the

information gathering method.

The interviews were based on questions as listed in Appendix 1. By asking these
guestions a relatively inclusive representative of the product family was provided. The
information gathered through these questions allowed the researcher to identify and
categorize the product into the product family and needs improvement. The interviewee
was selected based on the suggestion of the management and their involvement from order

to shipment.
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