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This thesis studies the high quality furniture production of the ‘Company A’,
the small-to-medium sized-manufacturer, located in Thailand. The main problem is
late delivery to customers. The objective of this thesis was to redesign of production
process layout through application of Cellular Manufacturing conceptin order to
improve production efficiency.

The researching process started with data collecting and production problem
assessment. The analysis was performed to select proper operational strategy for
suitable production process layout. Production process layout was re-designed from
functional layout to cellular layout by applying Cellular Manufacturing Concept. The
new improvement by Cellular Manufacturing concept resulted to shorter travel
distance and moving time, reduced work in process, reduced delay and penalty costs,
including product quality improvement and finally leaded to customer satisfaction.

The results showed efficiency improvement both in production and quality.
Focused on production perspective, more simplify factory and production process
layout leads to reduction of product flow distance by 56.64%. Consequently, 57.33%
of the total move time and 68.83% of the delay process were reduced. Likewise, the
total number of work process and throughput time were reduced by 6.67% and
30.99% respectively. In terms of quality perspective, scrap and rework were reduced
by 27.55% and 47.97% respectively. The reduction of 59.31% in late product delivery
did not only reduce penalty cost in late delivery but also reduced customer complaints

by 59.77% accordingly.
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CHAPTER I
INTRODUCTION

This chapter is the introduction to the research describing background of the

research, objectives, scopes, methodology, and expected benefits.
1.1 Background

Furniture industry in Thailand is rapidly growing and expanding to export
markets, especially the upcoming join of ASEAN Economics Community (AEC).
Thai furniture industry has high reputation in quality of works with high-skilled
workers in craftsmanship. Instead of competing in price or cost leadership with
China, Thai furniture companies would rather compete in quality of products.
Customers demand for high quality products are increasing as well as high
competition in the export markets. Companies that are able to provide variety and
flawless quality of products in shorter lead time can win customer satisfactions.
Therefore, to be able to increase customer satisfaction and retention, competitive
advantages can be gained from not only business perspectives but also production
perspectives. Ability to improve in production efficiency is also considered as one of

the key success factors, especially improving on-time delivery performance.

The case study is based on a furniture production company that currently
encounters problems with on-time delivery performance. The problems cause great
impacts and consequences to decrease in customer satisfaction and retention.
Customer orders come in lots and production starts after order placing. When orders
are increasing in quantity and frequency, the current production systems is not
efficient and causing delay in delivery. In order to survive in the business, the
furniture manufacturers would have to redesign the production systems and layout to
leverage production efficiency and to improve customer satisfaction. Therefore,
Cellular Manufacturing Concept would be applied to make more productive, lower

costs, and sustain competitive advantages.



1.2 Case Study Company

This case study is based on a specific furniture production company in
Thailand by the name of “Company A”. The company is an Original Equipment
Manufacturer (OEM) which produces fine-quality wooden furniture. It is categorised
as a Small and Medium Enterprise (SME) with 60 employees located in Thailand. It
is a family-owned business founded since 1992. Company A produces wooden
furniture products according to customer order quantity. All products are made of
Para woods. Customers can select to order a variety of products such as cupboards,
tables, chairs, and stools. The company has variety design of products for customers
to choose from. Product specification can be determined from customers in terms of
size, set, and colours. The company does not store much inventory on hands but
produces when order quantity is placing. Currently, the production system is Job

Shop which allows flexible productions for high product variety in small quantity.
1.3 Statements of the Problems

Company A encounters the problems of delayed delivery of products to
customers. Such problems caused impacts and consequences in terms of high penalty
costs and decreased customer satisfaction. Based on historical data, the problem of

long customer lead time is mainly caused by production department.

Long travel distance, long move time, and delay time in the production line
are the main reason of the problem. The current production systems and layout does
not support full potential to compete in time and quality. Company A analysed that
having production process layout which is not suitable with nature of production
causes the problem of long travel distance, long move time, and delay time, and
under standard of quality products (scraps and reworks). This finally results in late

product delivery to customers.
1.4 Objectives

The purpose of this thesis is to redesign of process layout for the company

through application of Cellular Manufacturing concept.



1.5 Scope of Study

The development is based on the case study of the Company A, which is a
medium-sized wooden furniture production company. The scope of study will focus
only on production process layout in the Production Department of Company A. The
process flow starts from arrival of raw materials to the production systems, work in

process, until finished goods leave the production systems.

In this case study, an application of Cellular Manufacturing concept will be
initially implemented in terms of production process layout improvement. This is
only the initial phase of implementing full Cellular Manufacturing production
systems. Familiarisation to team-based working and multi-task skill concepts are
introduced to staff in order to embrace the changes of working in Cellular
Manufacturing environment. In-depth study in terms of production planning &

control is not included in this study.
1.6 Expected Benefits

The application of Cellular Manufacturing concept in the production process

layout shall bring benefits in terms of:
(1) Reduction in travel distance, move time, and delay time
(2) Reduction in delay delivery to customers and penalty costs
(3) Reduction in rework and scrap rates

These benefits lead to shorter lead time and improve quality of products,

which result to on-time delivery performance and customer satisfaction.
1.7 Methodology

1. Theory study: study literatures, theories, and tools & techniques which
relates to Cellular Manufacturing, work instructions and production planning
and control.

2. Data collection from workplace: the data will be directly collected, recorded,
and observed through personal interviewing the owner of the factory and

visiting the real site.



Identifying and analysing problems: analyse current situations of the
production.

Define manufacturing strategy: defines methods and theories to be used to
solve the current situation

Implementation: implement Cellular Manufacturing concept

Comparison and assessment: compare results of the proposed systems to the
current systems.

Research conclusion and recommendation

Thesis report preparation and examination



CHAPTER |1

THEORETICAL CONSIDERATION AND
LITERATURE REVIEW

There are several theories, tools, and techniques to be used in this thesis to

improve the production systems of the Company A.
2.1 Manufacturing Strategy (Miltenburg's Framework)

According to Whicker and Hartland (2005), operations strategy is the use of
market requirements with operations resources to form decisions on long-term
capabilities of operations for overall strategies. The objective of setting operations
strategy is to satisfy customer requirements while developing and maintaining key

operations resources.

In the business, the alignment between market perspectives and operations
perspectives should be considered in order to formulate good operations strategies.
To consider market perspectives in the operations strategy, the company decides
which market to attract and which competitors to compete with. Then, competitive

advantages will be established.

Miltenburg Framework is a tool for formulating manufacturing strategy by
considering customers™ requirement, performance of competition, manufacturing
current capabilities, and manufacturing outputs (Whicker and Hartland, 2005). John
Miltenburg has developed three-step process to formulate the suitable manufacturing

strategy. The processes are
(1) Where am 1?
(2) Where do I want to be?

(3) How will I get from where I am to where [ want to be?



This first step (Where am 1?) is to analyse company's current situations in

terms of production systems, capabilities, and outputs.

2.1.1 Production Systems

Production systems are classified into 5 types based on different
characteristics in product variety, production volume, process layout and
arrangement, and flows of materials through the process. Five types of production
process are Job Shop, Batch, Operator-paced Line Flow, Equipment-paced Line

Flow, and Continuous production systems.
e Job Shop

This production system produces high variety but small volumes products. It
has high process flexibility. The layout for this type of production system is
functional layout with varied flows. Job Shop production system is suitable for

orders in lots with high variety products.
e Batch

This production system produces many products in small volumes. The
product variety is less than in Job Shop production system but product volume is
higher. It still has process flexibility. The layout for this type of production system is
cellular layout with varied flows in pattern. Batch production system is suitable for

products that require similar processes but different in details.
e Operator-Paced Line Flow

This production system produces many products in medium volumes. The
product variety is less than in Batch production system but product volume is higher.
It has medium process flexibility. The layout for this type of production system is
operator-paced line flow layout with mostly regular flows. Operator-pace Line Flow
production system is suitable for production that requires large batch but low product
differences. The production is rather based on operators than equipments and

machines.



e Equipment-Paced Line Flow

This production system produces several products in high volumes. The
product variety is less than Operator-paced Line Flow production system but product
volume 1s higher. It has low process flexibility. The layout for this type of
production system is equipment- paced line flow layout with regular flows. The

production is rather based on equipments and machines than operators.
e Continuous Line Flow Process

This production system produces one product in very high volumes. The
product variety is less than in Equipment-paced Line Flow production system but
product volume is higher. It has no process flexibility. The layout for this type of
process is continuous line flow layout with rigid flows. Continuous Line Flow
process is suitable for single type products that require large amount production. The

production mainly based on automated machines.

The illustration of PV-LF matrix in the first step to analyse company's
current situations is in Figure 2-1. The differences of these types of production

systems are described as follows.

Producis and Valamaex (V)
1

Very many Many Many Several One
products/ products/ products/ products/ product/
Small Low Medium High Very high
numbers volumes volumes volumes volumes
Functional
Layout,
o Cell Layout
=]
i
E 2 Operator-
| paced Line
@ Flow
oz
=
2 Equipment-
g paced Line
S Flow
-
Continuous
Now

Figure 2-1: Types of Production Systems in PF-LV Matrix



2.1.2 Manufacturing Capability

e Human Resource

Human Resource lever refers to skill level, wage, training and promotion

policy, and employment security.
e Organisational Structure and Control

Organisational Structure and Control refers to formal relationship among

groups in the production systems.
e Production Planning and Control

Production Planning and Control lever refers to flows of materials, activities

of line staffs, production operations, and new product introduction.
e Sourcing

Sourcing lever refers to vertical integration, production and distribution

systems management, and relationship with suppliers.
e Process Technology

Process Technology lever refers to the product process, types of equipment,

automation, linkages between parts of production process.
e Facilities
Facility lever refers to locations and sizes of the plant.

2.1.3 Manufacturing Outputs

Different production systems give different effects on manufacturing outputs.

The manufacturing outputs are divided into 6 aspects:
e Cost
Cost refers to cost of materials, labours, resources related to the production.
e Quality

Quality refers to quality of products compared to customer specification and

expectation.



e Performance

Performance refers to performance of products that gives the extra features

that other products do not have.
e Delivery time and Delivery reliability

Delivery time refers to time duration between the product orders is taking
from customers to the customers receive the products. Delivery reliability refers to

on-time performance in terms of frequency and duration of late delivery.
e Flexibility

Flexibility refers to ability to response to changes in customer demands

during the production such as increased product volumes.
e Innovativeness

Innovativeness refers to ability to launch new products or adjust design of

products.

The relationship between the manufacturing outputs and production systems
is illustrated in Figure 2-2. In the manufacturing output matrix, solid bars indicate
good levels of outputs but white bars indicate poor level, while length of bars

indicate degree of to the level.

Prediocts sed Vabuma (V)

Manafacturing Outpots

Quality  Perform Flexibl-  Innova.

Layout,

Cell Layout

. Operator.
poced Line

UL

T W]
£

e

LJ

Figure 2-2: Manufacturing Outputs and Production Systems
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The second step (Where do I want to be?) is to determine the desired
production systems to deliver the desired manufacturing outputs. This is done by

considering 2 parts: (1) competitive analysis and (2) desired production systems.

2.1.4 Product Positioning Analysis (Puttick’s Grid)

Puttick™s Grid is a tool to define product positioning of the company because
it links the market, business processes, order winning criteria, and core competencies
together (Puttick, 1986 in Whicker, Hartland, and Hessey, 2011). Based on product
complexity and uncertainty criteria, product positioning is divided into 4 types:
Super Value Goods, Fashion/ Spares, Consumer Durables, and Commodity.
'Complexity' refers to numbers of products and variants, tiers of supply chain, layers
in bills of materials, purchased items, or processes. 'Uncertainty' refers to changes in
factors such as specification, quality, process reliability, level of demand, fashion

changes, or supply changes.

Table 2-1: Four Types of product (Puttick™s Gnd)

2.1.5 Order Winners and Qualifiers

Order Winners and Qualifiers are tools for business analysis used to assess
the products. Order Winners are the critical success factors that will affect the
purchasing decision of the customers to buy our products instead of competitors.
Order Qualifiers are the essential factors that the company should have in order to
maintain a position in the market otherwise the customers will not purchase the

product (Hill, 1993 in Whicker, Hartland, and Hessey, 2011).
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The third step (How will I get from where I am to where I want to be?) is to
move from the current manufacturing levers to the desired production systems, the

targeted manufacturing outputs, and the targeted level of manufacturing capabilities.

By implementing Miltenburg“s framework, manufacturing strategies are
formulated based on 6 levers: human resource, organization structure and control,
production planning and control, sourcing, process technology, and facility. The
strategies are formulated with objectives to improve manufacturing outputs in 6
aspects: cost, quality, performance, delivery time in delivery reliability, flexibility,
and innovativeness (Miltenburg, 1996). The illustration of Miltenburg's framework

is in Figure 2-3.
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2.2 Production Components

There are 4 production components that are very important and related

directly to production: people, machines, materials and supporting functions.

1)

2)

3)

4)

People or labours are directly involving in the production. The labour types
can be classified as direct/indirect, skilled/unskilled, permanent/part-time
labours. The problems that normally occur in people components are

concerned in availability, ability and numbers aspects.

Machine and equipment are important in the production. Various machine
types can be classified as production such as machine and equipment,
auxiliary machines, maintenance and service equipment, quality control

equipment etc.

Material is also important to production. This includes raw materials, direct

and/or indirect materials, work in process and finished product

Supporting function would make all the processes success. This includes
engineering design, production planning and control, plant engineer to install

and maintain machines, finance, and inventory control etc.

2.3 Flow Charting

Flow Charting is a tool to illustrate physical and logical relationship elements

of systems. This tool helps enhancing understanding of the operations of systems. It

shows movement of workflow in terms of operation, decision, input/output. The

difference in the movement of workflows is indicated by symbols as shown in

Figure 2-4.
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Figure 2-4: Flowcharting symbols

2.4 Flow Process Charts

Flow Process Charts are used to analyse the flows of raw materials, parts,
people, equipments in the production process as well as other activities occur in the
production line. Flow Process Chart is illustrated in terms of symbols. Each symbol
has meaning of the activities as shown in Figure 2-5.

= Operation
The part is operated which leads to changes in features of the parts

= Transportation
The part is moved from one place to another.

= Inspection
The part is inspected for quality control

= Delay
The part is delayed of work

= Storage
The partis kept in the storage where moving in and out needs approvals

4UH] 0

Figure 2-5: Symbols for Flow Process Chart (ASME)
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According to Karnchanapunyakom (2009), flow process chart is analysed in
order to reduce move time and to enhance production efficiency. In the flow process
chart, process, products/parts, machines, equipment, entry and exit of production line
are determined. All relevant activities are recorded in details in every process by
using symbols. Moving distance, quantity of part being moved, and duration for
delay are recorded and analysed in order to compare the current systems to the

improved systems.
2.5 Plant Layout

According to Klomjit (2012), plant layout is divided into 4 types according to

process flow of products. Advantages and disadvantages of each type are analysed.
e Process Layout

Process layout is suitable for functional production systems, where a set of
similar machines is located together in the same area. The production flows is based

on process.

Advantages of process layout are low machines and equipment investment
and long machine operation time. Moreover, when one machine is broken down,

other machines in the same area can still proceed the operations.

Disadvantages of process layout are transportation of products among
process because different processes are located apart. Travel distance and time are
long. And, correlation among processes is not efficient leading to bottlenecks during

the production line.
e Product Layout

Product Layout is suitable for line production, where machines are arranged

in the production line according to the process.

Advantages of product layout are that it is easy to control production
schedule as the production process is certain. Space utilisation is more efficient. Part

travel distance in the production line is short. Machine Setup time is reduced.
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Disadvantages of product process are high investment in machines. If one
machine is broken down, the operation of the whole production line will be

terminated.
e Fixed Position Layout

Fixed Position is not widely used. Mostly, it is used with huge industry such

as ship construction or aircraft.
e Group Layout

Group Layout is suitable for cellular production systems. Products with

similar process are grouped together in same location.
2.6 Lead Time

Lead time is the key strategic factors to improve operational efficiency and
effectiveness. Lead time is divided into 2 types: manufacturing lead time and
customer lead time. Manufacturing lead time or cycle time or flow time refers to the
time between order start to order completion within the production. While, customer
lead time refers to the time customers place orders to customers receive ordered
products. Reducing in manufacturing lead time can also help in reducing customer

lead time.

Manufacturing lead time consists of 4 elements: setup time, operation time,
move time, and waiting time. Setup time refers to time spent in changeovers between
parts/products across workstations. Operation time refers to time spent in working on
the parts/products at the workstations. Move time refers to time spent in moving the
parts between workstations. And, waiting time refers to time spent for waiting for
availability of resources to perform the work. It includes waiting for equipment,
labour, material, and tools, waiting for inspection, and waiting for material-handling
resources. According to Hyer and Wemmerlov (2002), how to reduce lead time are

suggested in the Table 2-2.
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Table 2-2: How to Reduce Manufacturing Lead Time

Reduce How to?

Time per setup Improve setup procedure

Use alternative equipment that requires less setup time

Number of setup Assign equipment to the product family to avoid changeover

Time per operation | Simplify the design of the products to be produced faster and

easier
Put skilled labours to the operations
Reroute operations to faster resources

Use smaller lot size

Planned number of | Redesign parts to eliminate operations

operations
Time per move Use close proximity layout

Improve material-handling procedure
Number of moves Use multi-operation machines

Time spent waiting | Provide more capacity

Improve setup time, operation time, and move time

2.7 Cellular Manufacturing

Cellular Manufacturing is a cell-based manufacturing. The production
systems are grouped into cells to produced similar parts. Each cell is divided to
processing a specific set of part families. A manufacturing cell consists of several
different machines. A part family in the same cell consists of a set of parts that

required similar processing (Askin, Selim, and Vakharia, 1997).

Within a cell, equipments and people required for production of the product

families are grouped and located in close areas. This strategy leads to performance
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improvements by shortening response time, improving production quality, and

decreasing inventories and costs (Wickham Skinner, 1966).

In Cellular Manufacturing, cell operators are cross-trained on several
machines and equipments and on several tasks as well as supervisors' and support
tasks. The cell operators could be able to perform multi-tasks for job rotating.
Moreover, cell operators should be able to understand and perform activities such as
quality control, planning and scheduling, part ordering, record keeping, and trouble

shooting.

According to Hyer and Wemmerlov (2002), benefits of Cellular
Manufacturing are reducing in lead time, move distance, setup times, customer
response time, on-time delivery, inventory, scrap and rework rates, unit costs, and
use of space. Also, it is improving in employee job satisfaction, production
flexibility, labour flexibility, job status visibility, operator improvement methods,

and labour productivity.
2.8 Cell Formation Using Machine-Component Matrix

According to Irani (1999), in order to adjust the production from functional
layout to cellular layout, the relationship between parts and machines should be
identified. Finding out the part routing into machines can show the relationship of
processes and parts. Knowing any part visits which machines for their production
can help in cell formation. Part families and lists of machines are found. The
relationships of them are shown in the machine-component matrix, which is a block
diagonal matrix. Parts are indicated in the row of the matrix, while machines are
indicated in the column. The visited machines by any part will be expressed by '1' to
the diagonal. The inter-cell moving along the axis brings the block diagonals to the

solutions of cell formation.
2.9 Part Family

Two methods of part family classification are considered in this case study in
order to form the cell. Advantages and disadvantages of the classification using the

two methods are compared in order to select which method to be used. The two
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methods of part family classification are Production Flow Analysis (PFA) and
Production Flow Classification Code (PCC).

2.9.1 Production Flow Analysis (PFA)

According to Irani (1999), design for a Cellular Manufacturing is a complex
task. Using Production Flow Analysis is a tool for part family classification by
finding the parts and process relationship. The first step is to analyse the initial part
flow routing among machines. Then, the classification is according to the flow
criteria. Part flow similarity is grouped into the same cell and same groups of
machines. The number of extra-cell operations, loads of machines, and inter-cell

flows are minimised. Machine allocations are according to those aspects.

2.9.2 Product Classification Code (PCC)

According to Irani (1999), Product Classification Code is a tool for part/
product family classification. The method of classification is different from
Production Flow Analysis (PFA) in that the Product Classification Code classifies
products/ parts by attributes instead of process routing. The classification is in terms
of shape, size, type, colours, etc. The code stands for attributes of the products. The
products that share similarity in some attribute will be coded by the same code in the

digit of the attributes.

In comparison between Production Flow Analysis (PFA) and Production
Classification Code, the two methods are used to identify the part families which
share something in common. The different of these two methods are that the
Production Flow Analysis classifies the parts by looking at the process routing of the
part, while Production Classification Code classifies by attributes. The relationship
between parts and machines indicates which process that the part does visit.

On the other hand, Production Classification Code can classify products in

terms of attributes.

Advantage of using the Production Flow Analysis is that the flow of
production of each part is classified. The cells are divided based on process that the

parts go into. Disadvantage of using the Production Flow Analysis is that the wrong
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analysis of part-machine relationship can lead to wrong product family

classification.

Advantage of using the Production Classification Code is that it is easy to
classify product family by attributes and appearance. Disadvantage is that the
process of the parts being processed is not shown. The relationships of parts and

machines are not mentioned.
2.10 U-shape Cell Layouts

According to Hyer and Wemmerlov (2002), U-shape layout is where the
workstations are located as nearest as possible in the form of 'U' shape in order to
reduce parts move distances. With this layout, there are many advantages for the

production process. The advantages of U-shaped Cell Layouts are that
e It reduces move distances for operators to operate many workstations
e Operators can easily assigned to do job rotation to another workstations

e It allows parts crossing-over with short distance. When parts are needed to
backtrack or skip the workstation. Parts can cross over to the opposite

workstation without passing through any unnecessary workstation.

Designing of U-shape cell layouts should consider placing workstations in
close proximity; operators face outward; operators stands to operate tasks; the use of
conveyors is reduced; same operator will be assigned to the entry and exit

workstations of the production; and operate in one-piece production.
2.11 Standard Work Instruction

According to Kanjanapunyakom (2009), Standard Work Instruction is a form
for recording the standard operation of the specific work. Standard work operations,
how-to operate the machines and equipments, and details of operation procedure, are

notified in the Standard Work Instruction Sheet.

The objective of setting the standard work instruction to the operation is to

keep every production on the same track, making sure that all products and parts are
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produced in the same standard. By having standard procedure for the operators to

produce accordingly will help in quality control of the products.
2.12 Organisation Culture

According to Trompenaar and Hampden-Turner's corporate cultural diversity
theory, the corporate culture is divided into 4 types: Power-oriented, Role-oriented,
Project-oriented, and Fulfilment-oriented. The corporate culture model is illustrated

in Figure 2-6 (Trompenaar and Hampden-Turner, 1999 in Hartland, 2011).

Egalitarian/ Decentralised

Fulfilment-oriented
(Incubator)

Project-oriented
®usA (Guided Missile)
® Canada

@EE UK

Person/ @Sweden Task/
Informal Formal
Styl

tvie ®Denmark @The Style

Natherlands
®Spain o=
Thailand @ Germany
. @ Japan »
Power-oriented 2 Role-oriented

(Family)

(Eiffle Tower)

Hierarchical/ Centralised

Figure 2-6: Corporate Culture Model
e Power-oriented (Family)

It refers to the ,,family* corporate culture which supervisors and subordinates
develop personal relationship. However, there is a hierarchical sense in the
relationship. The power and status of the leader are recognised. The leader in the
project-oriented corporate culture focuses on caring, moral, and social, rather than

focus on financial and legal.
e Role-oriented (Eiffel Tower)

It refers to the ,bureaucratic™ corporate culture which the hierarchy is
determined by roles and functions. The subordinates obey the supervisors in every

aspect because of roles and tasks.
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e Project-oriented (Guided Missile)

It refers to the corporate culture which focuses on tasks and goal achievement
done by team. Normally, it is used in group projects. The corporate culture is

decentralised.
e Fulfilment-oriented (Incubator)

It refers to the corporate culture which focuses on self-fulfilment. It has no
structure but emphasising on individuals. Normally, it is used in consultant

Company and legal company.
2.13 Literature Review

The literatures in the field of Cellular Manufacturing are various as they are
widely used in many industries for improving production systems. These literature

reviews present some published documents that are related to this thesis.

Ngampak and Phruksaphanrat (2011) present the case of Cellular
Manufacturing layout design and selection for an electronic manufacturing service
plant. The paper shows the best practice of using Cellular Manufacturing layout
design based on Systematic Layout Planning (SLP) and selection of the layout
design by using Analytic Hierarchy Process (AHP). The current production system
of the manufacturing plant is process layout, which is not suitable for the nature of
the industry of having high volume and high variety. Therefore, the concept of
Cellular Manufacturing is proposed. Systematic Layout Planning (SLP) is used to
analysed and design possible cellular layout. Then the Analytic Hierarchy Process
(AHP) is used as a performance measurement tools to select the best cellular layout
design from the proposed designs based on selected quantitative and qualitative

criteria.

Bhat (2008) presents Cellular Manufacturing in a small-scaled industry. It is
used in small-to-medium sized batches of large variety of part types, which can be
produced in flow line of different manufacturing cells. This case is to apply the
production of part family with similar manufacturing processes. The objectives of
application of Cellular Manufacturing concept in the industry is to reduce costs and

lead time, improve quality, and improve delivery performance. The concept groups
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the similar products into families which can be processed in the same processes and
equipments. A cell is a group of work stations and machines and equipment. Within
a cell, a product is processed progressively from one station to another station
without waiting for a batch to be completed. The objectives of applying the concept
of Cellular Manufacturing are to improve work-in-process (WIP), space utilisation,
lead time reduction, productivity improvement, quality improvement, enhanced

teamwork and communication, and enhanced flexibility and visibility.

Parashar and Kamath (2004) present an integrated approach for Cellular
Manufacturing design. Formation of machines cells, part family, processes of
components, layout design are considered systematically. This paper also considered
workload on each machine and cost before duplication. The result of applying the
concept of Cellular Manufacturing is 58% reduction in material handling, work-in-

process inventory, set-up time, etc.

Zayko, Broughman, and Hancock (1997) present a Cellular Manufacturing
for a small manufacturer of membrane filtering products. The company has several
problems such as poor delivery performance, high inventory, heavy reliance in
inspection and testing, high scrap rates, supplier quality problems, and machine
downtime. After the Cellular Manufacturing concept is applied, employees are cross-
trained to perform different tasks in the cells. The training involves about quality
improving, waste reducing, layout planning, setup time reducing, bottlenecks
solving, one-piece flow implementing, and team working. The Cellular
Manufacturing concept in the case study is successfully implemented. Reorganising

workplace into cells and workforce into cell team is the key of success.

Maria and Lopez (1997) present a design and implementation of Cellular
Manufacturing in a Job Shop environment. The case study is for Boeing's Defense
and Space group who produces airplane for commercials and military. The
researchers introduced the application of Cellular Manufacturing concept to the
current production systems which is Job Shop. The concept is applied to produce
part families with similar production process and stable demand. The case study
describes cellular manufacturing assessment, cell planning phase, and cell

implementation and performance measurement phase for application of Cellular



24

Manufacturing concept. The result of the thesis are reducing lead time and costs as

well as improving quality and delivery performance.

Ekapach Sithitriwat (2007) presents Shop Floor Control improvement for a
music instrument factory. The thesis is focused on solving the problems for the
Conga Drum production line in terms of organisation management and relationship,
production, expenses, and delivery date. Theories, tools, and concepts for shop floor
control are applied such as follow up tools, built-in quality concept, and factory re-
layout. The result of the thesis shows that delivery performance and labour

productivity are improved and production costs and defects are reduced.

Udomrat Laichuthai (2002) presents a case study on using production
scheduling systems to improve delivery performance. The existing problems of
production planning are in terms of production capacity and poor planning
scheduling. Related tools and techniques as well as database are used to improve the
production planning. The results of thesis show improvement in reducing overtime

and improving delivery performance.

Kantachart Krungsumlucksme (1998) presents a case study on study of
cellular manufacturing and incentive plan for cutting die process. The current system
has problems in long production time, high overtime, and unskilled labours. The
Cellular Manufacturing concept is applied to improve production systems in order to
reduce lead time and improve labour skills. Also, incentive plan is applied to

improve productivity and employee satisfaction.

Punjaporn Chinchanachokchai (2010) presents a case study of Shop Floor
Control and production planning of a medium-sized restaurant. The thesis is to
improve the production systems and operations. Various tools and techniques related
to the production planning and operation are used. Fishbone Diagram is used for
problem assessment. Material Requirement Planning (MRP) is implemented for
purchasing plan improving. The results of the thesis is reducing products run-out for
100%, increase customer's and employee's satisfaction, and reduce monthly

operation costs.
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Piyapong Pankeaw (2009) presents a case study of designing production
planning systems for a plastic packaging factory. The current production planning
has caused problems in terms of late delivery time. This case study is to develop the
FPPS production planning systems to improve delivery performance. The thesis
describes implementation methods for production planning systems from data
collection to implementation of the designed systems. The result of the thesis shows
that there are significant improvements in production planning and scheduling
performance. On-time shipment performance and production efficiency are

increased.



CHAPTER I
MANUFACTURING STRATEGY

In this chapter, overall information and current situations and problems of the
Company A, which is used as the case study, is discussed. The discussion includes
the topic of organisation, products, production process, machines and resources,
manpower, plant layout, delivery, and problems. The objective of this chapter is for
understanding the current situation, manufacturing capability, and problem
awareness; defining goals the company desires to achieve, and methods to achieve

such goals.
3.1 Case Study Company

Company A is a Small-Medium Enterprise (SME) wooden furniture
production company located in Thailand. It plays in a role of Original Equipment
Manufacturer (OEM). Customers of Company A are both domestic and international
furniture companies. The market is 80% domestic market and 20% exported market
to Vietnam and Laos. The company aims to increase sales in exported market within

3 years.

Company A produces wooden furniture products according to customer order
quantity. All products are made of Para woods. Customers can select to order a
variety of products such as cupboards, tables, chairs, and stools. The company has
design of products for customers to choose from. Product specification can be
determined from customers in terms of size, set, and colours. The company does not
store much inventory on hands but produces when order quantity is placing.
Currently, the production system is Job Shop which allows flexible productions for

high product variety in small quantity.
3.2 Problem Analysis

The Company A encounters a problem of delayed delivery of products to
customers. Effects of delayed delivery of products to customers are penalty costs due
to late delivery, sales loss to competitors, and decreasing in customer satisfaction

and retention.
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The problem of long customer lead time is mainly caused by production
department. Long travel distance, long move time, and delay time in the production
line are the main reason of the problem. The current production systems and layout
does not support full potential to compete in time and quality. Company A analysed
that having production process layout which is not suitable with nature of production
causes the problem of long production time and under standard of quality products

(scraps and reworks). This finally results in late product delivery to customers.
3.3 Manufacturing Strategy

Manufacturing Strategy of Company A will be formulated by using
Miltenburg*s framework. Miltenburge®s framework is selected to be a suitable tool
for Company A. Because, this framework takes customer requirements, performance
of competitors, current capability of manufacturing, possible options available to

manufacturing and detailed outputs into considerations.

According to Miltenburg (1996), there are 3 main steps to formulate the

Miltenburg framework, which are as follows.

Step 1: Where am I?

Step 2: Where do I want to be?

Step 3: How will I get from where I am to where I want to be?

3.3.1 Step 1: Where am 1?

3.3.1.1Manufacturing®s Current Production Systems

The Company A's current production systems is Job Shop. The Company A
builds parts for several products in small numbers. The production process is the
same for all products. The functional-layout equipments/machines of the same

functions are located together as a group. Functional layout is benefit for flexibility.

On the other hand, products/parts travel distances is all over the factory,
causing high throughput time. Batching work-in-process (WIPs) are waiting in the
production line as bottlenecks before moving to the next workstation. When WIPs
are long waiting in the line, they tend to have quality problems and defects occur

since they are all made of Para wood. That causes reworks and scraps at the end of
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production. This problem also leads to late delivery of products to customers. When
the number of products is increased, production scheduling becomes more complex.
Many change-over of production for different parts/products consume high setup

time and setup costs.

Determining the manufacturing®s current production systems is using the

Product/Volume-Layout/Flow (PV-LF) matrix in Figure 3-1.

Products and Volumes (FV)

A

Very many Many Many Several One
products/ products/ products/ products/ product/
Small Low Medium High Very high
numbers volumes volumes volumes  volumes
Functional
Layout,
P Cell Layout
=)
B
5 | Operator-
ot paced Line
E Flow
o
z .
-} Equipment-
= paced Line
8 Flow
;.
|
Continuous
flow

Figure 3-1: Company A Product/Volume-Layout/Flow (PV-LF) matrix
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3.3.1.2 Current Level of Manufacturing Capability

3.3.1.2.1 Human Resource

Company A has 60 staffs in 2 types classified by payment: Office Employees

and Operation Workers.

Table 3-1: Company A Number of Staff

Office Employees Operation Workers
Factory Manager Production Supervisors 3
Operation Planning & Control Production Workers 42
Procurement Labourers 3
Human Resource
Warehouse
Quality Control
Financial
Production
Total 12 48

Grand Total = 60

N[ == | = NN DN | —

e Office Employees

There are 12 office employees working for office works. They earn monthly
payment in the form of salary. The salary is varied upon position and experiences.
Their working days are 5 days/week (Monday-Friday). Their working hours are 8
hours/day (8.00 am - 5.00 pm, lunch break for 1 hour at noon).

e Operation Workers

There are 48 operation workers for production works. These people consist
of production supervisors, production workers (skilled workers), and labourers
(unskilled workers). They earn daily payment in the form of wage. Their working
days are 5 days/week (Monday-Friday). Their working hours are 8 hours/day (8.00

am - 5.00 pm, lunch break for 1 hour at noon).

3.3.1.2.2 Organisational Structure and Control

As Company A is only a small organisation, it applies a flat organisation
structure. The factory manager is the head of organisation who commands directly to

every department. The company has 7 departments: Operation Planning & Control,
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Procurement, Human Resource, Warehouse, Quality Control, Financial, and

Production. The organisation chart for Company A is illustrated in Figure 3-2.

Factory Management \
Operation Procurement Production Warchouse Quality Financial Human
Planning & Control [ Resource
Control |
Purchasing Production Store QC Financial =
Y ' Keepin Planning & Administra-
g :
Inventory Control tion
()oqlml s : Mai
Personnel
Sales Recruitment
Forecast

Figure 3-2: Company A Organisation Chart
e Operation Planning & Control department

There are 2 persons in this department taking responsibility for inventory

control and sales forecasts.

e Procurement department

There are 2 persons in this department taking responsibility for purchasing

and sourcing.
e Human Resource department

There are 2 persons in this department taking responsibility for

administration and personnel recruitment.

e Warehouse department

There is 1 person in this department taking responsibility for store keeping

and inventory checking.
e Quality Control department

There is 1 person in this department taking responsibility for quality

inspection before products are delivered to customers.
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e Financial department

There is 1 person in this department taking responsibility for accountants and

financial control.
e Production department

Unlike other departments, this department has 2 office staffs and 45
operation staffs. The two office staffs are taking responsibility for the paper work of

the production. The rests are operation staff working in the production systems.

3.3.1.2.3 Process Technology

Overall Production Process of Production Department

=t
Customer
Order

Production
Order

Production
line

Packaging > Storage

B

Delivering

Delivered
Products

Figure 3-3: Overall Process of Production Department

Customers determine product specification and quantity of orders. After
receiving the customer orders, production department places production orders to
production lines to produce the products accordingly. Finished goods then go to
packaging process. Then, the finished products are delivered to customers or stored
in the inventory waiting for delivering process. The illustration of overall process of

Production Department is in Figure 3-3.

In this thesis, the scope of study is focused only on the production line. The
production line starts from raw materials entering the production line until finished

goods exiting the production line.
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Production Process in the Production Line

The production line has 8 main processes: Sizing, Smoothening, Cutting,

Edging, Drilling, Colour Processing, Holder Attachment, and Assembly. Every
product goes into the same process.

[ Parts

v
1. Sizing
¥
2. Smoothening
v
3. Cutting
v
4. Edging
v
5. Drilling
v

6. Colour Processing

I
7. Holder Attachment
¥
8. Assembly
l ™~
[ Finished Goods
(Cupboard)

J

Figure 3-4: Production Process in the Production Line

(1) Sizing

Sizing process is the process where pieces of wood are shaped into proper

size that will possibly fit with the smoothening machine in the next process
(smoothening process).

Figure 3-5: Sizing
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(2) Smoothening

Smoothening process is the pieces of proper size piece of wood are
smoothened and polished into fine surface. The process is done through the

smoothening & polishing machines.

Figure 3-6: Smoothening

(3) Cutting

Cutting process is where the pieces of wood are cut into particular parts of

the final products.
(4) Edging

Edging process is the process of making edges onto the parts according to the

design of products.
(5) Drilling

Drilling process is the process of making holes in the parts.

Figure 3-7: Drilling and Edging

(6) Colour Processing

Colour Processing is where the parts are painted with colours and dried up.
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Figure 3-8: Colour Processing
(7) Holder Attachments

Holder attachment process is the process of attaching the holders, hinges,

and/or wheels to particular parts before assembly all pieces together.

Figure 3-9: Holder Attachment

(7) Assembly Processes is where pieces of parts are assembled together as a finished

product.

Figure 3-10: Assembly
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3.3.1.2.4 Facility

Factory

Company A locates the small-sized factory in Samutprakarn province,
Thailand. Plant site has an area of 1,200 square meters, where office, production
area, and storages are located together. The location of factory is convenience for

transportation and logistics of all products to be exported by ships from the piers.

Problems: Long Travel Distances

Workstations are located in functional layout in which machines, labours,
and facilities are grouped into process similarity. When parts need to pass through all
the processes to be produced as one product, they need to travel long distance all
over the factory to complete all processes. Delay occurs due to bottlenecks. That

affects production lead time to be increased.

>
8. Assembly g
Main
Storage of
finished add
products [_‘._1

FAnsSumawie
Waiting Area

Entrance Door

Figure 3-11: Current Plant Layout and Product Flows
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Production Process Record Chart
Chart No._1_Page 1 _of 2 Summary
Product / Material / Staff Current  |Improved Reduce
(Pre-Avg) (CM) Variance |Rate of reduction
Activity |QTY [Time ]QTY [Time |QTYTime |QTY |Time
Set up 0 7.08
Operate| .J 9 116.36
Activity: Production Process Move | = 15 | 35.68
Process of wooden dining table production Delay | @ 3 64.17
............ Inspect| -
Work method: “. Current® / Improve Keep | W] 2 -
Place: Company A Furniture Production Factory Throuhput tim{ - 223
Recorded by: TTL Distance| 119 -
Approved by: Date: Work process| 30 -
Pre= Before improvement, Post-CM= After improvement with cullular manifactures concept, Avg. = Average
Pre Post-CM Symbol Note
Task description Distance|Time |Distance TirrAlc =Y # D = v
.(metre) .(metre) | (min.)
Machine Set up
Set up sizing machine at workstation 1 - 0.44
Set up smoothening machine at workstation 2 - 1.12]
Set up cutting machine at workstation 3 - 1.13
Set up edging machine at workstation 4 v 1.14
Set up drilling machine at workstation 5 - 1.12
Set up colour processing machine at workstation 6 - 2.13
Production process
1 [Move parts from Storage to the factory 25| 7.38 —. .
2 |Delayed in the part waiting area for production processed 6.06 R
3 |Move parts to Work Station 1 for sizing 6| 1.77 *
4 |Operate sizing 535 J-..
5 |Move sized parts to Work Station 2 for smoothening 7] 2.07 -
6 |Operate smoothening 5.35) J
7 [Move smoothened parts to waiting area 10] 2.95 #
8 [Delay in the part waiting area for cutting process 25.20) K]
9 |Move the smoothened parts to Work Station 3 for cutti 12| 3.54 .. B
10 [Operate cutting 10.50) J..]
11 [Move cut parts to Work Station 4 for edging 10[ 2.95 . ﬂ'
12 |Operate edging 1043 J
11 [Move parts to Work Station 5 for drilling 8| 249 -y
12 |Operate drilling 5.12 ¥
13 [Move the parts to waiting area 10[ 2.51 -y
14 |Delay in the part waiting area for colour processing 32.91 D
15 [Move parts to Work Station 6 for colour processing 7] 3.30 X =
16 |Operate colour processing 60.00) )
17 |Move parts to fitting workstaion 7 for holder attachment 10[ 2.95 » ‘
18 [Operate holder attachment 3.35 3. X
19 |Move the parts to workstation 8 for assembly process 7] 171 i ﬂ
20 [Operate furniture assembly 16.26 J.,.
21 [Move Finished goods to Q.C.process 7] 2.07 .
Process under responsibility of other de partments
22 |Operate product inspection E
23 |Move qualified goods to packaging process N
24 |Operate packing Other Departments' activities J
25 [Move Finished goods to Pre-Storage =y ].....]
26 |Keepin Pre Storage (| [ | e Y
Move Finished goods to Main Storage R
Keep in Main Storage Y
Totall 119] 223 | Total
Total quantified number of work process (Pre-improve) =« 9 15| 3 1 30
Total quantified number of work process (Post-improved by CM concept)

Figure 3-12: Current Product Flows
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3.3.1.2.5 Production Planning and Control

There are 8 workstations in the production line based on the production
process: 1) Sizing, 2) Smoothening, 3) Cutting, 4) Edging, 5) Drilling, 6) Colour
Processing, 7) Holder Attachment, and 8) Assembly. The product flows are
illustrated in Figure 3-12.

Problems: Defects

Defects occur to the products. When there are many parts waiting in the
production line, workers seem to be rush and lack of efficiency in work. As well,
defects occur during long waiting without noticed or taken for granted. That affects
product quality. When the products do not pass quality inspection, they are returned

to the production line to fix the defects or are considered as scraps.

Resources Allocation --Machines and Manpower

Resource allocation of each process in the current production systems is in

Table 3-2.

Table 3-2: Company A Resource Allocation

Processes _ Resou rce Allocation _
Machines Capacity Operators Capacity

Supervisor 3

Sizing Sizer Machines 3 Sizers 3
Smoothening Smoothing Machines 3 Smoothener 3
Cutting Cutting Machines 6 Cutters 6
Edging Edging Machines 6 Edgers 3
Drilling Drilling Machines Drillers 3

. Colour Processing Colour

Colour Processing Machines 3 Processor 9
Holder Attachment | - Attacher 3
Assembly - Assembler 12
Labourers 3

Total 48

Order Systems

As customer orders come in lots and production starts after order placing.
Sequence of production is done for one order at a time. The next coming orders will

be waiting for the first one to finish production. When orders are increasing in
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quantity and frequency, the current production systems is not efficient enough and

finally causing delayed delivery date.

Problems: Poor Delivery performance

Products delivery is done through trucks or shipments depending on quantity
of delivered products and haste in delivery. For many times, late delivery occurs
when many orders come at the same period of time. According to historical data and
site visits, two main reasons for late delivery that can be detected are problems in
production systems and problem in quality of products. Problems caused by other

departments related to late delivery are not significant.

3.3.1.2.6 Sourcing

Company A has been in the furniture business for many years, relationship
with suppliers is very good. Raw materials of Company A come from local suppliers
in Thailand. Para wood is popular used for furniture industry. Therefore, there are

many local suppliers available. Problem of supply shortage has never been occurred.

According to Miltenburg (1996), Assessment of Company A's current level
of capability for manufacturing lever is using the Manufacturing Capacity matrix as
shown in Figure3-12.Manufacturing levers refer to the elements of manufacturing
strategy. There are six manufacturing levers, which are Human Resource,
Organisational Structure and Control, Sourcing, Production Planning and Control,
Process Technology, and Facilities. While, there are four levels of manufacturing
capability, which are Infant, Average, Adult, and World Class. The Company A

defines the current level of capability based on each manufacturing levers.
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favel of Manufacturing Capability

Figure 3-13: Company A Manufacturing Capability matrix
Source: Adapted from Miltenburg (1996) in Whicker and Hartland (2011)

3.3.2 Step 2: Where do | want to be?

This step is to determine the production system that is most suitable for
delivering the required manufacturing outputs. This is done by considering two

aspects, which are (1) Competitive analysis and (2) The Desired Production Systems

3.3.2.1 Competitive Analysis

According to Miltenburg, the competitive analysis compares the
manufacturing outputs with the target levels such as company®s products,
competitors® products, customer needs and expectation. The manufacturing outputs

are Delivery, Cost, Quality, Performance, Flexibility, and Innovativeness.
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3.3.2.1.1 Product Positioning (Puttick's Grid)

In applying the Puttick™s grid to the products of Company A, its product
positioning falls into the Consumer Durables product family. Products of the
Company A are furniture products such as chairs, stools, tables, and cupboards.
These products are considered to be high complexity but low uncertainty. The
products are having high complexity in product variation, processes, and tiers of
suppliers, while having low uncertainty in changes of specification, quality, and
process reliable. Furniture products are medium-term usage, demanded in second
hand market, and differentiated from competitors by value-for-money and

availability factors.

Mo Product Complexity Low
v SuperValue Goods Fashion/Spares
£
£
g Consumer Durables Commodities
Company A
Low

Figure 3-14: John Puttick Market Segmentation Grid
Source: Adapted from Puttick (1986) in Whicker, Hartland, and Hessey (2011)

3.3.2.1.2 Order Winners and Order Qualifiers

Order Winners

To create competitive advantages for furniture products which are ,,consumer
durables® products, value-for-money and availability are significant differentiation

factors.
e Value-for-money

Value-for-money is described in terms of price that customers spend to
purchase the products compared to value and quality that the customers acquire from
the purchased products. Customers will be willing to pay the higher-than-market

price if the products present greater value and differentiation. To make the products
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outstanding from competitors', the Company A should add value by superior design,

craftsmanship, and innovation.
e Availability

As furniture industry is competitive, availability of products is important for
customers' purchasing decisions. No one wants to wait long time for the products. If
the products from this supplier are not available, the customers will change another
supplier easily if the products are not different. Apart from managing availability of
the existing ordered products, Company A should also leverage ability to increase
production flexibility in order to acquire business opportunity from high-variety

orders or unexpected orders grabbed from availability failure of competitors.
¢ Quality and Reliability

Quality and Reliability is mainly focused on quality and reliability of
products and processes to follow the order specifications and reliable delivery in

terms of time and quality.

Order Qualifiers

e Quality

Quality of products and processes are expected from customers and
consumers of furniture products as their durable usage term is medium to long.
Especially, if customers pay higher price, they will also expect superior quality.

Therefore, Company A should focus on quality control of products and processes.
e Fitness of Purpose

Company A should consider fitness of purpose for both customers and
consumers. Since Company A's customers are trader companies and brand
companies, fitness of purpose is focused on specification in relations to numbers of

parts, size, materials, and colours.
e Brand Image

As Company A is OEM, reputation for Company A is mainly from delivery
reliability and quality of products. In highly competitive market, Company A need to
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compete in reputation and retention in order to maintain existing customers and also

gain new customers.

According to Miltenburg (1996), Assessment of Company A competitive

analysis is using the matrix as shown in Figure 3-14.

M:l.fndl;hg()dpcu
[ : “ 5= Poor
Delivery  Cost Quality Performance  Flexibility Imnovation | 1= Good
1.Time Factory Cost | 1.Defects 1 Reliability | 1. Machine | 1. Design Attributes —
2 Specificati | 2. Process | 2. Crafiman
on ship
Company -
4 3 4 4 3 I Covet | §
Market é
3 3 3 3 3 3 £
Strong
1 2 2 2 3 SN Compottons
Company-
1 2 1 2 2 2 [T
Market
M M M 0 0 O | Order Winaer

Figure 3-15: Company A Competitive Analysis

After assessing of competitive analysis, the Company A would rather want to
improve strongly on delivery time, cost, quality, and performance in order to be able
to compete with competitors. However, company's competitive advantage in terms

of flexibility is needed to be maintained.

3.3.2.2 The Desired Production Systems

After the competitive analysis is analysed, the company realises that delivery

time, cost, and quality are needed to be improved. Batch Flow or Cellular
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Manufacturing system is the desired production systems. Cellular Manufacturing

allows combination of product flow efficiency with flexibility of functional layout.

Manufacturing Outputs
A

Delivery  Cost Quality  Perform- Flexibi-  Innova-

ance lity tion
Jobsmop@s) |[] l || M- ]| I |
Batch Flow Good
o LISl IS ] B |
Operation- (Poor|
5 Paced Line Flow D D - - . D
g (OPrL)
5 | wms O B BN BN O E
s
S| deenec (SE (S (N (Em (Em [
_% EquipmentPace
& | dLimemow B | ) || -
(EPL)
O i) —
— (CK)

Figure 3-16: Company A Desired Production Systems
Source: Adapted from Miltenburg (1996) in Whicker and Hartland (2011)

In Cellular Manufacturing, products that required similar process will be
grouped into product family and manufactured in a cell. The cell is consisted of
different workstations, machines, and equipments that are required to produce one

product.

Benefits from Cellular Manufacturing

e Increasing process flow continuity for parts to be produced.
e Reducing in throughput time

e Improving quality of products

e Reducing setup time and move time

e Less work-in-process

e Less complexity in production scheduling
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As a result of increasing production efficiency, manufacturing outputs will be

improved, especially in terms of delivery, cost, and quality.

3.3.3 Step 3: How will | get from where | am to where | want to be?

The manufacturing strategies are proposed to improve in the manufacturing

levers in order to improve manufacturing output.

In this thesis, only production department is focused. Therefore, Company A
considers applying Cellular Manufacturing concept as the main strategy to improve
Production Planning & Control, Process Technology levers. Other supporting
strategies are to be improved as by products are in Human Resource, Organisation

Structure & Control and Facilities levers.

Production Planning & Control and Process Technology

e (Cellular Manufacturing Concept
Facilities

e Improve Plant Layout
This is to change from functional layout into U-shaped cell

layout

Organisation Structure & Control

¢ Built-in Quality Control by Empowerment
Changing from having QC staff to inspect finished goods at
the end of the production to having self quality control is done within
the Cell.
e Organisation Culture Management
Organisation Culture Management is to set creative, learning,
and innovative cultures. This is to motivate employees' best
competency and performance. Creating a relaxed working
environment will enable people to be creative, to learn new things,

and to be passionate in the works.
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Project-oriented Organisation Structure

This is to change from power-oriented organisation structure
to project-oriented organisation structure. As the production process
will be changed from line-flow production to batch flow production.
The concept of teamwork will be emphasised instead of the concept
of tasks and roles. The target will be achieved in a name of the team

called 'Cell'.

Human Resource

e Develop personnel competencies and professionalism

Company A will arrange on-the-job training and coaching for
the employees and workers to build their skills for work. This is to
help them to enhance their competencies, functional knowledge, and

team-based skills.

e Standard Work Instruction
The Standard Work Instruction is a tool to share know-how of
work instruction within the production line and to transfer tacit and
explicit knowledge among people. This is to enhance people

competency, skills, and performance.
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CHAPTER IV

CELLULAR MANUFACTURING
IMPLEMENTATION AND RESULTS

This chapter explains the application of Cellular Manufacturing (CM) concept
for production department of Company A to replace the current Job Shop

production.
4.1 Design for Cellular Manufacturing

4.1.1 Defining Parts Families

Grouping the products that similarity are found. Two techniques of defining
the product families are Product Classifying Code and Product Flow Analysis (PFA).
There are some differences between these two techniques. Product Classification
Code is classifying the products by similarity of attributes of the products. While,
Product Flow Analysis (PFA) technique is classifying the parts by similarity of

processes and operations. In this case study, the two methods are using.

By using Product Classification Code, part family methods are not
complicated. Raw materials, which are considered as parts, are wood boards and
bars. The differences of the parts are only type, thickness, and size. The part families
are defined by 3 characteristics: type, size, and thickness. Each digit of the code

stands for characteristics of the part.

e First digit stand for Type of parts: Board (A) or Bar (B).

e Second digit stand for Size of parts: Size: Small (S), Medium (M),
and Large (L).

e Third digit stand for Thickness parts Thickness: 20 mm (3), 25 mm
(4), 30 mm (6), and 45 mm (9).

For example, 'AM3' is a medium-sized wood board with 20mm thickness.

By using Product Flow Analysis (PFA), similarity of sequences of the

process that the parts go into can indicate the parts family. By consider the nature of
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furniture production, all the parts are needed to go through every process and every

kind of machine. However, different part families may go to different machines.

The relationships between part families are identified by routing of
operations sequence that parts go through machines. The use of Machine-Parts
Matrix is used to visualise the relationship of those two aspects. The lists of

machines in the systems and part family routing are identified.
(1) List of Machines

There are 21 numbers of machines in 6 types. Each type of machines is
identical in appearance but actually there is a difference in the setting of machine
based on thickness and size of parts. For example, there are 6 cutting machines. Each
one is setup with different size of blades and size of machines for different part
thickness and size. However, with the capability of machines, they can be flexible to

serve all thickness.

Table 4-1: List of Machines

Machine Machine Type
Number
S1 Sizing Machine
S2 Sizing Machine
S3 Sizing Machine
Ml Smoothening Machine
M2 Smoothening Machine
M3 Smoothening Machine
Cl1 Cutting Machine
C2 Cutting Machine
C3 Cutting Machine
C4 Cutting Machine
C5 Cutting Machine
Cé6 Cutting Machine
El Edging Machine
E2 Edging Machine
E3 Edging Machine
DI Drilling Machine
D2 Drilling Machine
D3 Drilling Machine
Pl Colour Processing Machine
P2 Colour Processing Machine
P3 Colour Processing Machine




(2) Part Family Routing
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This is to analyse of parts flow routing in the production systems. The

sequence of processes that the parts go through is defined by the operated machines.

In this case study, there are 15 parts families based to thickness, size, and types.

Table 4-2: Part Family Routing

Part Family Machine Sequence
AS3 S1-M1-C1-E1-D1-P1
AS4 S1-M1-C1-E1-D1-P1
AS6 S2-M2-C2-E2-D2-P2
AS9 S3-M3-C2-E3-D3-P3
AM3 S1-M1-C3-E1-D1-P1
AM4 S1-M1-C3-E1-D1-P1
AMO6 S2-M2-C4-E2-D2-P2
AM9 S3-M3-C4-E3-D3-P3
AL3 S1-M1-C5-E1-D1-P1
AL4 S1-M1-C5-E1-D1-P1
AL6 S2-M2-C6-E2-D2-P2
AL9 S3-M3-C6-E3-D3-P3
BL3 S1-M1-C1-E1-D1-P1
BL6 S2-M2-C3-E2-D2-P2
BL9 S3-M3-C6-E3-D3-P3

(3) Define part family and machine grouping

Machine-Part Matrix is used to visualise the relationship between machine

and part. In this matrix, row represents part families and column represents machine

numbers. When a part family goes into a machine, '1' is put in the matrix to show the

relationship as shown in Table 4-3.



Table 4-3: Part Family and Machine Grouping Matrix
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Machine Part Family
Code | as3 | As4 | Ase | Aso | AM3 | Ama4 | AM6 | AM9 | AL3 | AL4 | AL6 | AL9 | BL3 | BL6 |BL9
S1 1 1 1 1 1 1 1
S2 1 1 1 1
S3 1 1 1 1
M1 1 1 1 1 1 1 1
M2 1 1 1 1
M3 1 1 1 1
C1 1 1 1
C2 1 1
C3 1 1 1
c4 1 1
C5 1 1
C6 1 1 1
El 1 1 1 1 1 1 1
E2 1 1 1 1
E3 1 1 1 1
D1 1 1 1 1 1 1 1
D2 1 1 1 1
D3 1 1 1
P1 1 1 1 1 1 1 1
P2 1 1 1 1
P3 1 1 1 1
Table 4-4: Part Family and Machine Grouping
[Machine amily
Code | BL3 |AS3|AS4AM3[AMA|AL3 | AL4 |BLE|ASE |AMG|ALGIASS [AMSIALS (BLS
s1 1 1 1 1 1 1 1
M1 1 1 1 1 1 1 1
E1 1 1 1 1 1 1 1
P1 1 1 1 1 1 1 1
D1 1 1 1 1 1 1 1
c1 1 1 1
c3 1 1 1
cs 1 1
82 1 1 1 1
M2 1 1 1 1
E2 1 1 1 1
D2 HERERE
P2 1 1 1 1
c2 ol I !
c4 1 1
Cé Ak, . 1 1
s3 1 1 1 1
M3 1 1 1 1
E3 1 1 1 1
D3 1 1 1 1
P3 1 1 1 1
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Then, the matrix is sorted by moving the inter-cell until the matrix in the
Table 4-4 is derived. However, there are still some problems in grouping occur.
There is a problem of out-group inter-cell. The problem is on cutting machines. To
solve them, some parts sequence are needed to be changed. However, it must be
based on machine capacity and suitability. In this case, the out-groups appear in part

family AM9, AL6, AS9, and B16.

Table 4-5: Part Family Routing Adjustment

Part Family Former Part Route New Part Route
AM9 S3-M3-C4-E3-D3-P3 S3-M3-C6-E3-D3-P3
ALG6 S2-M2-C6-E2-D2-P2 S2-M2-C4-E2-D2-P2
AS9 S3-M3-C2-E3-D3-P3 S3-M3-C6-E3-D3-P3
BL6 S2-M2-C3-E2-D2-P2 S2-M2-C2-E2-D2-P2

As mentioned earlier, the machines can be flexible and a change in routing of
the part family can be possible. Then, 3 machine-part distinct groups are derived as

shown in Table 4-6.

Table 4-6: Part Family and Machine Grouping Result

Eachine Part Family

Code
3 |AS4 [AM3 | AM4 |AL3 |AL4 |B16 IASGIAMG |AL6 |ASS|AM9[AL9IB19
1 1

s1
M1
E1
P1
D1
c1
Cc3 1 1
c5 1 1
s2
M2
E2
D2
P2
c2
c4 | |12
cé
S3
M3
E3
D3
P3

A LA e ] |
e e e e 5

1 1
1 1
1 1
1 1

[ i R R B
BN I I I I I (77

= | b= | b b L] | s
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4.1.2 Defining Cell Process

The derived 3 distinct groups indicate 3 cells in for cellular manufacturing.

The relationship of the parts and machines in each cells are analysed.

The first cell in the matrix consisted on part family B13, AS3, AS4, AM3,
AM4, AL3, and AL4 to be operated in machines S1-M1-C1-C3-C5-E1-D1-P. The
relationship of them is the thickness of parts. The parts with 20 to 25 mm are
compatible to be operated in the machines that are set for their thickness. This range
of thickness can indicate the type of products to be produced. The parts with 20 to 25
mm are used to produce chairs and stools. Therefore, this cell is classified as 'Chair’

cells.

The second cell in the matrix consisted on part family B16, AS6, AM6, AL6
to be operated in machines S2-M2-C2-C4- E2-D2-P2. The relationship of them is
the thickness of parts. The parts with 30 mm are compatible to be operated in the
machines that are set for their thickness. This range of thickness can indicate the
type of products to be produced. The parts with 30 mm are used to produce

cupboards. Therefore, this cell is classified as 'Cupboard' cells.

The third cell in the matrix consisted on part family B19, AS9, AM9, AL9 to
be operated in machines S3-M3-C6-E3-D3-P3. The relationship of them is the
thickness of parts. The parts with 45 mm are compatible to be operated in the
machines that are set for their thickness. This range of thickness can indicate the
type of products to be produced. The parts with 45 mm are used to produce tables.

Therefore, this cell is classified as '"Table' cells.

4.1.3 Finalise the Conceptual design of Cells

Three manufacturing cells are classified as 'Chair', 'Cupboard’, and 'Table'.
However, the flows of process are slightly different for different product family. The

illustration of production process of 3 families of products is in Figure 4-1.



Company A
Production
Department
Cell 1 Cell 2 Cell 3
(Cupboards) (Chairs) (Tables)

Figure 4-1: Three Manufacturing Cells
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[ Cupboard f Chair Table
Production Process | Production Process Production Process
[ Parts Parts Parts
y v v
1. Sizing 1. Sizing 1. Sizing
v v v
2. Smoothening 2. Smoothening 2. Smoothening
v v v
3. Cutting 3. Cutting 3. Cutting
v K2 v
4. Edging 4. Edging 4. Edging
y v v
5. Drilling 5. Drilling 5. Drilling
v v v
6. Colour Processing 6. Colour Processing 6. Colour Processing
7. Hold : hn : .
. Holder *rtac lent 7. Assembly 7. Assembly
v v
8. Assembly . " :
" [ Finished Goods (Table) ] [ Finished Goods (Chairs) ]
Finished Goods (Cupboard) ]

Figure 4-2: Three Cell Processes

In Chair and Table cells, the holder attachment process is skipped as they do

not have holders and hinge. After the Colour Processing is finished the parts will go

directly to Assembly process.
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4.1.4 Resource Allocation

Apart from process sequence are slightly different, the resource allocation of

each cell are different in terms of number of machines and manpower.

The resource allocation is determined by setup time and operating time of all
cells for each part obtained from historical data and existing manufacturing plan.
This part is important for accuracy for capacity balance between workload and
resource capacity. Another aspect to be concerned is parts demand from historical
data. The orders of production for 6 month historical data are obtained. Then the two
aspects, which are set up & operating times and order of production, are combined to

calculate resources required for the cell.

By applying Cellular Manufacturing concept to replace the existing Job Shop
concept, multi-task team concept will be introduced to the operation line. In this case
study, 21 machines and 48 operators are classified into 3 cells. Number of machines
and number of operator are relevant. The machines must be operated with operators
throughout the process since they are not fully-automated machines. Each cell team

consists of team leader, team member, and labour working together.

The resource allocation in terms of machines and manpower for each cell

team are illustrated in Table 4-7, 4-8, and 4-9.

Table 4-7: Cell 1 (Cupboards) Resource Allocation

Workstations _ Resource AIIc_:cation (Cell 1)
Machines Capacity | Cell Team | Member
Team Leader 1
Sizing Sizer Machines 1
. Smoothing
Smoothening Machines 1
Cutting Cutting Machines 2
Edging Edging Machines 1 Team 14
Drilling Drilling Machines 1 Members
Colour Processing | Colour Processing 1
Holder
Attachment )
Assembly -
Labourer 1
Total 7 16




Table 4-8: Cell 2 (Tables) Resource Allocation

55

Workstations - Resource Allocation (Cell 2)
Machines Capacity | Cell Team Member
Team Leader 1
Sizing Sizer Machines 1
. Smoothing
Smoothening Machines 1
Cutting Cutting Machines 1
Edging Edging Machines 1 Team 1
Drilling Drilling Machines 1 Members
. Colour Processing
Colour Processing Machines 1
Holder Attachment | -
Assembly -
Labourer 1
Total 6 13
Table 4-9: Cell 3 (Chairs) Resource Allocation
. Resource Allocation (Cell 3)
e S ers Machines Capacity | Cell Team Member
Team Leader 1
Sizing Sizer Machines 1
. Smoothing
Smoothening Machines 1
Cutting Cutting Machines 3
Edging Edging Machines 1 Team 17
Drilling Drilling Machines 1 Members
. Colour Processing
Colour Processing Machines 1
Holder Attachment | -
Assembly -
Labourer 1
Total 8 19

Each workstation can have flexible workforce within the same cell. Everyone
in the team can perform every task. One operator is not fixed to one station or one
machine. Workforce in the team can be rotated and transferred from one workstation
to another. When there is a bottleneck or idle in any workstation, the team workforce
can be transferred among each other to solve the problem. For example, a bottleneck

happens at Cutting station where 2 workers are busy working but an idle happens at
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Assembly station where 4 workers are idle working. One worker from Assembly
station will be transferred to help in Cutting station. As everyone in the cell team can

do every task within the cell, workforce can be flexible.
4.2 Implementation for Cellular Manufacturing

4.2.1 Form Cellular Manufacturing Team

Cellular Management is a concept which a set of workers are working as a
team within a cell called 'Cell Team'. A cell team consists of a leader and team
workers. The cell team will be working to accomplish the job target together.
Everyone in the team has multi-skill for production. It means that everyone can
perform every task within the cell. The good point of it is that the bottleneck of any

task in the production process will be minimised.

Successful cell team involves good leadership, team involvement, and
empowerment. In order to pull out the best of team's ability, good team management

is very important.
e Good Leadership,

The team leader is the key person to direct, assign, and support the team
toward the target accomplishment. The leader will be selected to be an authorised
person who is in-charge and take responsibility on any results of the team
performance. The leader of the cell team will be selected based on experiences and

work performance.
e Team Involvement

The team workers will be working as a team by involving in the decision
making and brainstorming together with the team leader and management. After the
consensus is made in the team, everyone is involved. They will direct to the same

goal and help each other to accomplish it.
e Empowerment

Creating sense of teamwork with relaxed working environment can motivate

empowerment. Empowerment involves in encouraging team to express opinions,
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enabling decision making without asking seniors all the time, and involving in the

results of the team.

In the initial phase of implementation of Cellular manufacturing, every cell
will be allocated with at least 1 experienced worker of each required process. A cell
team is consisted of experienced workers of every process to make sure that every

process will be done properly.

4.2.2 Manufacturing Cell Layout

The production department is divided into 3 cells. Cell 1 (Cupboards)
contains 8 workstations: Sizing, Smoothening, Cutting, Edging, Drilling, Colour
Processing, Holder Attachment, and Assembly. While, Cell 2 (Chairs) and Cell 3
(Tables) each contain 7 workstations: Sizing, Smoothening, Cutting, Edging,

Drilling, Colour Processing, and Assembly.

The manufacturing cell layout is designed in U-shape arrangement, where the
workstations are located in close proximity. This helps decreasing move time among
workstations. Operators can transfer entities to another workstation easily with less

travel distance.
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Storage of finished products
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4.2.4 Other Improvements

4.2.4.1 Standard Work Instruction

As the production systems and layout change, one worker can perform every
task in every workstation. To set the same level of standard working, the Standard
Work Instruction should be used as a tool to control working standard of each

workstation.

In this case study, a tool for Standard Working Instruction concept is applied
through the Standard Work Instruction sheet. The sheet is illustrated in Table 4-10. It
consists of process/station name, machine number/tools, materials, work instruction,
and remark. This tool makes it clear to the workers to perform tasks correctly by

follow the instruction. The tables will be attached to every workstation.

Table 4-10: Work Instruction Table

Company A (Production Department)
Work Sheet: Standard Work Instruction  |Sheet no.
Workstation/ Progicty Date:
Cel: / Parts
2 Code Approved by
Ihustrations Standard Work Instruction
Parts Standard
Part No. Name Code |Quantt|Part Standard:

Equpments/ Products
Machines Standard:

Remarks:

This is done to create awareness for performance standard to workers.
Performance standard for every worker should be ensured in that everyone follows
the same work instruction when performing the particular tasks. So, the outputs will

be standard as well.
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Apart from being used in the production line, the Standard Work Instruction
is also used for training and on-the-job training. New workers can practice and
perform the tasks according to the written instruction. This will prevent errors in

machine operations, which possibly cause machine breakdown.

4.2.4.2 Develop Personnel Competencies and Professionalism

In applying Cellular Manufacturing Concept, skilled workers are very
essential because everyone must be able to perform every task within the cell.

Therefore, training is important.

Initially, every cell is allocated with at least 1 experienced worker of each
required process. A cell team is consisted of experienced workers of every process.
Training session is arranged by the cell team to teach each other how to perform
tasks in each process. The Standard Work Instruction sheet for every process is
provided as a training document for everyone to learn and practice. On-the-job
training also needed to practice the real tasks during training. However, the team

leader is responsible to check and coach workers on the training.

New workers are needed to be practiced in one by one process first in order
to be familiar with each process and practice skills for every process. Also, new
workers are always be coached by the team leader or senior workers. However, the
Standard Work Instruction sheets that attached on every workstation can remind the
new workers of the work instruction. This is to enhance workers' competencies,

functional knowledge, and team-based skills.

4.2.4.3 Build-in Quality

In terms of quality control, Build-in Quality concept is applied. Through this
concept, quality inspection of products is done during WIP is in the production line.
The WIP will be inspected in the workstation before moving to the next workstation.

Everyone in the team will perform inspection during production.

In this case study, a tool for Build-in Quality concept is applied through the
Process Input/output chart. The chart is illustrated in Table 4-11. The chart consists
of process name, pictures table for good and bad input/output. This tool makes it

clear to the workers to visualise examples of good and bad WIPs in order to inspect
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their input/output WIP accordingly. The charts will be attached to every workstation
together with the Standard Work Instruction sheet.

Table 4-11: Process Input/output Chart

Process Name:
Good Input Good Output
Picture Picture
Bad Output Bad Output
Picture Picture

This is done to create quality-concerned awareness for workers. Quality
standard for every piece of WIP should be ensured before being forwarded to the
next workstation. Build-in Quality helps in reducing defects on WIPs and finished
goods. It leads to reworks and scraps reduction. Also, each team leader who is
supervisor can check production quality during production and after production is

done.
4.3 Comparison and Assessment

The results of the current functional layout and the proposed cellular layout
are compared. The implementation of Cellular Manufacturing layout starts in July
2012. The timeframe to be compared is 6 months. The data of currents production
systems are collected in during January - June 2012 to be compared with the data of

proposed production systems in July - December 2012.

After the initial implementation of Cellular Manufacturing concept is applied

to the Company A, there are performance improvements in several dimensions.
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4.3.1 Reduction in Move Time

Application of cellular manufacturing concept in furniture production results
to significant reduction in move time by 57.33% of the current production systems
within 6 months due to shorten product flow distance and less work in process.
Operating time is reduced by 3.94% while 68.83% of delay process is also reduced
but set up time remains unchanged. As a result, the average reduction of throughput
time had reduced by 30.99% of the current production systems within 6 months

(Illustrated in Figure 4-7).

4.3.2 Reduction in Product Flow Distance and Work Process

Based on cellular manufacturing concept, redesign of process layout to be
U-Shape cell can shorten production flow distance and simplifies production process
flow and lead to reduction of product flow distance by 56.64% while 6.67% of the

total number of work process was also reduced.

4.3.3 Reduction in the Delay time of Work-in-process

The delay of work in process was reduced by 68.83% because 2 processes of

delay in waiting areas for further process are eliminated.
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Production Process Assessment and Comparison Chart

Chart No._1_Page 1 of 2 Summary
Product / Material / Staff Current  |Improved Reduce
(Pre-Avg) (CM) Variance | Rate of reduction%
Activity |QTY |Time |QTY |Time |QTYTime |QTY Time
Set up 0 7.08 0 7.08 0f 0.00] - 0.00%
Operate| .J 9 116.36] 9 111.78] 0 4.58] - 3.94%
Activity: Production Process Move | mp 15 | 3568 | 14 | 1522 1] 2045 6.67% 57.33%
Process of wooden dining table production Delay | B 3 64.17 1 | 2000] 2| 44.17 66.67% 68.83%
________ Inspect| Bl 1 - 1 - 0 - 0.00% -
Work method: ~ Current / =I:i}11pr0\;§3 Keep | ¥ 2 - 1 - 1 - 50.00% -
Place: Company A Furniture Production Factory | Throuhput tim{ - 223 - | 154.08] - | 69.20 - 30.99%
Recorded by: TTL Distance| 119 - 51.6 - 67| - 56.64% -
Approved by: Date: Work process| 30 223 28 | 154.08] 2| 69.20 6.67% 30.99%)
Pre= Before improvement, Post-CM= After improvement with cullular manifactures concept, Avg. = Average
Pre Post-CM Symbol Note
Task description Distance|Time [Distance|Time | . | wup |B |8 |V
.(metre) .(metre)| (min.)
Machine Set up
Set up sizing machine at workstation 1 = 044 - 0.44
Set up smoothening machine at workstation 2 - iy ) 1.12
Set up cutting machine at workstation 3 . 113 - 113
Set up edging machine at workstation 4 - 114 - 1.14
Set up drilling machine at workstation 5 = 1.12] - 1.12
Set up colour processing machine at workstation 6 3 213 - 2.13
Production process
1 |Move parts from Storage to the factory 25| 7.38 =),
2 [Delayed in the part waiting area for production processed 6.06 "
3 |Move parts to Work Station 1 for sizing 6| 177 20 5.9 .
4 |Operate sizing 5.35 5.35
5 |Move sized parts to Work Station 2 for smoothening 7| 2.07 36| 1.06
6 |Operate smoothening 5.35 5.36] LI,
7 [Move smoothened parts to waiting area 10] 295 0.00 \ # X
8 |Delay in the part waiting area for cutting process 25.20 0.00 K]
9 |Move the smoothened parts to Work Station 3 for cy 12| 354 3.5 1.03 .
10 [Operate cutting 10.50 5.53 {
11 |Move cut parts to Work Station 4 for edging 10| 295 35| 1.03 i ﬁ
12 [Operate edging 10.43 5.30] L
13 [Move parts to Work Station 5 for drilling 8| 249 0.00 ,ﬂ'
14 |Operate drilling 512 52| W
15 [Move the parts to waiting area 10| 251 3.5 1.03 \* X
16 |Delay in the part waiting area for colour processing 3291 20.00
17 [Move parts to Work Station 6 for colour processing 7| 3.30 3.5 1.03
18 [Operate colour processing 60.00 60.00!
19 [Move parts to fitting workstaion 7 for holder attachment 10] 295 35 1.03
20 [Operate holder attachment 3.35 5.12 i
21 |Move the parts to workstation 8 for assembly proces 7| 171 35 1.03 ;ﬂ
22 |Operate furniture assembly 16.26 20.00, (
23 [Move Finished goods to Q.C.process 7| 2.07 7] 2.07 \\q
24 [Process under responsibility of other departments NG
25|Operate product inspection [ (|| | . f
26 |Move qualified goods to packaging process B
27 [Operate packing Other Departments' activities (
28 |Move Finished goods to Pre-Storage \ =]
29|Keep in Pre Storage X Y
30 |Move Finished goods to Main Storage *\ ........
31 |Keep in Main Storage ~
Totall 110] 223] 516] 154 Total
Total quantified number of work process (Pre-improve) == 9 15[ 3 1 2 30
Total quantified number of work process (Post-improved by CM concept) 14] 3 1 1 28

Figure 4-7: Production Process Assessment and Comparison Chart




65

4.3.4 Reduction in Late Delivery Time

After applying Cellular Manufacturing Concept to the production line, it
results in improving on-time efficiency for delivery. Even though, late delivery
cannot be totally removed from the production, however, customer complaints for

late delivery and penalty costs are significantly reduced.

Table 4-12: Late Product Delivery

Reduction in Late Product Delivery
Production Months Order Quantity | Number of Days for Late | Average
Systems (Units) Delivery (Days) no. of days
Jan-12 750 20
. ¢ Feb-12 750 21
urren
. Mar-12 1
Production Aar B ;gg 12 17.6
Systems pr-
May-12 800 15
Jun-12 800 17
Jul-12 800 9
. Aug-12 800 10
. -12 4
Production (S)ep 2 258 2 7.16
Systems ct-
Nov-12 850 5
Dec-12 870 6
Average reduction in late product delivery 10.44

The average number of days for late delivery had significantly reduced by
10.44 days within 6 months which reduced from 17.6 to 7.16days or equivalent to

the reduction by 59.31% from the current production systems

4.3.5 Reduction of Rework and Scrap Rates

Improvement in terms of production quality indicates by reduction in rework
rates. Rework rates is reduced from 4.94% to 2.57% of order quantity. The average
reduction in number of reworks had significantly reduced by 2.37% within 6 months

or equivalent to the reduction by 47.97% of the current production systems.



Table 4-13: Reduction in Number of Reworks
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Reworks
Production Orde_r MIUIIE ) Rework Average Rework
Systems BITERS Q“af?“ty Rewc_)rks Rate (%) Rates (%0)
(Units) (Units)
Jan-12 750 38 5.07
e - Feb-12 750 38 5.07
Production b:ar_lz 760 44 2.7 4.94%
Systems pr-12 780 29 3.72
May-12 800 38 4.75
Jun-12 800 42 5.25
Jul-12 800 29 3.63
o Aug-12 800 22 2.75
Production (S)ep_lz 840 3 2.26 2.57%
Systems ct-12 850 20 2.35
Nov-12 850 19 2.24
Dec-12 870 19 2.18
The average reduction in number of reworks 2.37%

Scrap rates is reduced from 2.54% to 1.84% of order quantity. The average

reduction in scrap rates is reduced by 0.70% within 6 months or equivalent to the

reduction by 27.55% of the current production systems.

Table 4-14: Reduction in Number of Scraps

Scraps
Production Order Quantity Number of Scrap Rate TS
Systems Montg; (Units) Scraps (Units) (%) SEEL
Rates (%)
Jan-12 750 22 2.93
e — Feb-12 750 18 2.40
Production idar-lz 760 1> L7 2.54%
Systems pr-12 780 23 2.95
May-12 800 22 2.75
Jun-12 800 18 2.25
Jul-12 800 18 2.25
- Aug-12 800 16 2.00
Production f)ecrig zgg g T(S)i 1.84%
Systems -
Nov-12 850 15 1.76
Dec-12 870 13 1.49
Average reduction in scrap rates 0.70%
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4.3.6 Reduction in Customer Complaints on Late Delivery

Customer complaints, specifically on late product delivery are significantly
reduced by changing in production systems. This results in higher customer

satisfaction and retention.

Table 4-15 Reduction in Number of Customer Complaints on Late Delivery

Number of Customer Complaints on Late Delivery
Production Number of Average Number
Systems BT Complaints of complaints
Jan-12 17
Current Teb. 12 18
Production Marcas 15 16.16
Systems Apr=t? L7
May-12 16
Jun-12 14
Jul-12 Q
Aug-12 6
CM Production Sep-12 6 6.5
Systems Oct-12 7 '
Nov-12 6
Dec-12 5
Average reduction in number of complaints 9.66

In summary, the average number of complaints had significantly reduced by
9.66 complaints which down from 16.16 to 6.5 complaints or equivalent to the

reduction by 59.77% of the current production systems within 6 months.

Number of Complaints on Late Delivery

: . : pZ
Jan-12 ‘ Feb-12 | Mar-12 ’ Apr-‘lZ} uay-1z‘ Jlll-12‘ Jul-12 “AIQ-‘IZ‘ 80p—12! Oct-12 ‘Nov—‘lz ' Dec-12

Current Production Systems CM Production Systems

Figure 4-8: Number of Customer Complaints
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4.3.7 Penalty Costs due to Late Delivery

Penalty costs that the company A signs contract with customers are in
increased rate. The 1st-5th day of late deliveryis charged at 10 Baht/day/unit. The
6th-10th day of late delivery is 12 Baht/day/unit. The 11th-15th day of late delivery
is 15 Baht/day/unit. The 16th-20th day of late delivery is 18 Baht/day/unit. The 21th-
25th day of late delivery is 20 Baht/day/unit. Therefore, the longer the late delivery,
the higher in penalty cost. More details are available in Appendix B.

After applying Cellular Manufacturing Concept to the production line, it
results in high reduction in penalty costs due to late delivery from 40,116 Baht in 6
months (from January 2012 to June 2012) to 5,982 Baht in 6 months later (from July
2012 to December 2012). In summary, the total reduction in penalty costs had
significantly reduced by Baht 34,134 or equivalent to the cost saving by 85.08% of

the current production systems within 6 months.

Table 4-16: Total Reduction in Penalty Costs due to Late Delivery

Reduction in Penalty Costs due to Late Delivery

. Late *Penalty Late Penalty
ch))/('istjecrzgn Months Delivery Costs/unit | Delivered Costs TCOJ;ISFZeBr;ﬂSI

(Days) (Baht) Products (Baht)

Jan-12 20 275 30 8,250

current Feb-12 21 295 41 12,095

. Mar-12 18 239 30 7,170
Pg}’gggrtr']‘;” Apr-12 15 185 28 5,180 40,116

May-12 15 221 16 3,885

Jun-12 17 98 15 3,536

Jul-12 9 98 15 1,470

cM Aug-12 10 110 16 1,760

. Sep-12 8 86 12 1,032
Pg‘;‘:ﬁecrtr']‘;” Oct-12 5 50 12 600 5,982

Nov-12 5 50 10 500

Dec-12 6 62 10 620
Reduction in penalty cost 34,134
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4.4 Total Production Improvement Results

In summary, the result of applying cellular manufacturing concept in cellular
layout compared to the current functional production layout within 6 months reflects
to the successful result of significant improvement in terms of both production and

quality dimensions.

Production improvement result

e The average move time is reduced by 57.33% of the current production.
e Product flow distance is reduced by 56.64% of the current production.
e The total number of work process is reduced by 6.67% % of the current

production.
e Delay time of work process is reduced by 68.83% of the current production.

e The average number of late delivery of product had significantly reduced by

59.31% from the current production.

Quality improvement result

e Average rework rates is reduced by 47.97% of the current production.
e Average scrap rates is reduced by 27.55% of the current production.
e Average number of customer complaints is reduced by 59.77% of the current

production.

e Total penalty cost is reduced by 85.08% of the current production.



CHAPTER YV

CONCLUSIONS AND RECOMMENDATIONS

Conclusions for the case study in the topic of 'Application of Cellular
Manufacturing Concept in a Furniture Production Company' are presented as well as

recommendations for further study and improvement.
5.1 Conclusions

The application of Cellular Manufacturing concept is initially implemented
in Production Department of Company A in terms of production process layout. The
current functional layout is redesigned to be cellular layout by applying the concept
of Cellular Manufacturing. This is done to initially improve the production of

Company A and to solve the current problems.

Long travel distance, long move time, and delay time in the production line
are the main reason of the long customer lead time problem. The current production
systems and layout does not support full potential to compete in time and quality.
Company A analysed that having production process layout which is not suitable
with nature of production causes the problem of long travel distance, long move
time, and delay time, and under standard of quality products (scraps and reworks).

This finally results in late product delivery to customers.

In this case study, an application of Cellular Manufacturing concept is
initially implemented in terms of production process layout. This is only the initial
phase of implementing full Cellular Manufacturing production systems.
Familiarisation to team-based working and multi-task skill concepts are introduced
to staff in order to embrace the changes of working in Cellular Manufacturing

environment and be ready for further implementation of the systems in the future.

However, apart from production improvement, applying the concept of

Cellular Manufacturing also leads to improvement in other aspects as well.
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After analysing the company's current situations, the manufacturing
strategies are formulated in order to improve the situation. The strategy of applying
Cellular Manufacturing Concept to the production process layout is selected to be
the main strategy. After implementing the concept, there are significant
improvement in terms of Production and Process, Organisation Structure & Control,

Human Resources, and Facility.

In terms of Production and Process, the production process layout is changed
from functional layout in Job Shop production systems to cellular layout in Cellular
Manufacturing systems. Before, there is a single production line based on production
process. All products are using the same production line. Production orders are
produced one at a time. When there is any production delay for the first order, the
second order is also affected. After Cellular Manufacturing concept is applied,
production for cupboards and tables can be produced at the same time by different

production cells.

Through the part of changing to the Cellular Manufacturing concept, the
design and implementation of Cellular Manufacturing Concept are described. During
the design process, part family is classified by using two methods: Product
Classification Code (PCC) and Product Flow Analysis (PFA). Then, the relationship
between part family routing and machines are found by using machine-part matrix.
The group of machines and part families are related in terms of thickness of the part
family. There is a relationship between thickness and product types. There are the 3
derived cell groups which are classified by product types. Resource allocation for the

cells is set according to the historical data on operating time and production orders.

After the manufacturing cells are designed, the implementation is according
to it. Cell teams are identified to work in the group with a team leader. The Cell
layout is implemented in U-shape to have all people in the cell team working
together as a group and working flexibly in the cell. After the implementation of the
Cell Manufacturing is launched to the production systems, the results of operation

are assessed and compare to the former Job Shop production systems.
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The results show improvements in terms of shorter travel distance, move
time, delay time, and work process as well as reducing scraps and reworks rates, late

delivery, number of customer complaints, and penalty cost for late delivery.

In terms of Organisation Structure and Control, by adopting Cell Team
concept, the organisation culture within the production department is changed from
power-oriented culture to project-oriented culture. Before, the management style is
centralised to the management and supervisors. After Cellular Manufacturing
concept is applied, the management style is more decentralised to the operation
workers. In Cellular Manufacturing concept, workers are grouped into cell teams in
order to work together within the Cell. Everyone in the team will be working toward
the same goal and will be responsible for the results of the team either good or bad.
Therefore, the team opinions, ideas, and discussion will be counted. The supervisors
are no longer the boss but instead the leaders. This changes the organisation culture
in the Production department to be relaxed environment. Goal and achievements of

the work are mainly focused.

In terms of Human Resources, operation workers improve working skills.
Before one worker can only perform one task. It leads to fatigues and boredom.
After Cellular Manufacturing concept is applied, they are improving their skills
though training. One worker can perform multi tasks. It leads to more job
satisfaction. Moreover, improving in work standard by having standard work
instruction is helping the workers to perform tasks easier while having accuracy on
production. The cell workers are not performing only on production but quality
control as well. Inspection process is empowered to the operation workers. The built-
in quality is applied to allow cell team to inspect the parts along the production

within cells.

In terms of Facility, the plant layout is reorganised to be suitable for Cellular
Manufacturing concept. Before, the current plant layout is unorganised and leads to
waste in travel time of WIP from process to process. After Cellular Manufacturing
concept is applied, the layout of the production line is adjusted into U-shape, where
the workstations are placed in close proximity. Apart from reducing WIP travel time,

having the U-shape production line makes it easier for the cell team to perform tasks
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together. As everyone in the cell can perform every task within the cell, the cell team

will be moving around among workstations to help each other in the cell.

The result of the study shows efficiency improvement both in production and
quality. Focused on production perspective, more simplify factory and production
process layout leads to reduction of product flow distance by 56.64%. Consequently,
57.33% of the total move time and 68.83% of the delay process were reduced.
Likewise, the total number of work processes and throughput time were reduced by
6.67% and 30.99% respectively. In terms of quality perspective, scrap and rework

were reduced by 27.55% and 47.97% respectively while 59.31% of product delivery.
5.2 Recommendations

Further study and improvement for this case study is recommended in terms
of in-depth implementation of Cellular Manufacturing systems in the production
planning and control by considering the production demands and operating time.
Moreover, lean manufacturing should also be studied. The using of tools and
techniques for lean manufacturing should be applied to the case study. Cellular
Manufacturing concept can be further improved for lean manufacturing as a
continuous improvement. The tools such as Kaizen, 5Ss, and Kanban can be applied
to the improvement of production efficiency. Moreover, the study of using Cellular
Manufacturing to improve other aspects in relations to costs, sales, and employees

are also recommended.

Another aspect to be recommended for further study is management of
change. After the change of the whole shop floor from functional layout in Job Shop
systems to cellular layout in Cellular Manufacturing, there are many changes
occurred during the planning stage. Resistance to changes from employees and
workers are important that restrict the success in changes. Management of change is
also one of the most interesting studies for further improvement after the application

of Cellular Manufacturing Concept.
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Data analysis of throughput time before improvement (Jan-Jun 2012)

Jan-12
Se_tup Ope_rating Move | Dela Total Amount/
Loop | rime | TMe | Time | Twme | Time/unit | SMOUTS
1| 045 5.20 322 | 511 13.98 34.33
21 044 5.60 3.65 | 6.40 16.09 29.83
31 045 5.70 335 | 5.30 14.80 32.43
4| 043 5.00 3.45 | 5.70 14.58 32.92
ws1 50 043 5.50 3.60 | 7.60 17.13 28.02
Stzing 6| 0.44 5.60 3.65 | 7.40 17.09 28.09
71 045 5.30 3.66 | 5.40 14.81 32.41
8| 045 5.40 3.75 | 5.50 15.10 31.79
i‘;tjrlage 0.44 5.41 3.54 | 6.05 15.45 31.23
1| 1.12 5.50 2.60 9.22 52.06
2| 1.13 5.60 2.40 9.13 52.57
30 1.12 5.20 2.30 8.62 55.68
41 1.11 5.30 2.40 8.81 54.48
Ws2 50 1.13 5.10 2.53 8.76 54.79
smoothening 6| 1.13 5.40 2.52 9.05 53.04
71 1.14 5.60 2.50 9.24 51.95
8| 1.12 5.50 2.40 9.02 53.22
i‘;frlage 1.13 5.40 2.46 8.98 53.47
1| 1.13 25.30 3.55 29.98 16.01
21 1.14 24.10 3.52 28.76 16.69
30 1.12 25.30 3.51 29.93 16.04
4 1.12 25.20 3.53 29.85 16.08
WS3 cutting 50 1.15 24.30 3.55 29.00 16.55
6| 1.12 25.80 3.54 30.46 15.76
71 1.13 25.70 3.56 30.39 15.79
8| 1.11 25.90 3.56 30.57 15.70
i‘;frlage 1.13 25.20 3.54 29.87 16.08
1| 1.15 10.30 230 | 10.05 23.80 20.17
20 1.12 10.50 220 | 12.40 26.22 18.31
30 1.12 10.20 240 | 13.30 27.02 17.76
st Edaing 41 1.12 10.60 2.15 | 10.50 24.37 19.70
50 1.15 10.30 230 | 9.40 23.15 20.73
6| 1.10 10.70 220 | 10.40 24.40 19.67
71 1.13 10.20 2.50 | 10.50 24.33 19.73
8| 1.13 10.50 2.80 | 10.70 25.13 19.10




Total
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Average | 113 10.41 236 | 1091 | 2480 19.40
1] 111 511 3.20 9.42 50.96
2] 112 5.12 3.10 9.34 51.39
30 112 511 3.20 9.43 50.90
4] 1.11 513 322 9.46 50.74
wss 51 1.12 512 3.40 9.64 49.79
Drilling 6| 1.11 5.14 3.10 9.35 51.34
71 1.13 5.14 3.32 9.59 50.05
8| 1.12 512 3.35 9.59 50.05
Xifrlage 1.12 5.12 3.4 9.48 50.65
1] 212 30.40 320 | 32.10 | 67.82 7.08
21 2.13 30.60 310 | 33.40 | 6923 6.93
3 2.14 30.20 320 | 34.00 | 69.54 6.90
4] 2.16 30.10 322 | 33.00 | 6848 7.01
Spray & 5| 203 | 3060 | 340 | 32.50 | 68.63 6.99
Bake 6| 2.14 30.60 310 | 33.60 | 69.44 6.91
71 2.14 30.30 332 | 3340 | 69.16 6.94
8| 215 30.30 335 | 3450 | 7030 6.83
Xifrlage 2.14 30.39 324 | 3331 | 69.08 6.95
1 3.45 1.60 5.05 95.05
2 3.20 1.60 4.80 100.00
3 3.20 1.60 4.80 100.00
4 3.35 1.59 4.94 97.17
WS7 Holder 5 3.40 1.65 5.05 95.05
attachment 6 3.50 2.00 5.50 87.27
7 3.45 1.59 5.04 95.24
8 3.45 2.00 5.45 88.07
i‘;ﬁage 3.38 1.70 5.08 94.73
1 15.30 1.58 16.88 28.44
2 17.40 1.64 19.04 2521
3 15.40 1.68 17.08 28.10
4 16.30 1.60 17.90 26.82
ws8 5 17.20 1.65 18.85 25.46
Assembly 6 16.20 1.80 18.00 26.67
7 15.70 1.62 17.32 2771
8 16.30 2.00 18.30 26.23
z‘jjrlage 16.23 1.70 17.92 26.83
grand | 5 g 101.54 | 21.77 | 5027 | 180.65 2.66

Total
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Feb-12
Se.tUp Ope_rating Move Dela Total Amount/
Loop | rime | Tme | Tine | Tume | Time/unit | S7OUTS
1| 045 530 334 | 530 14.39 33.36
2] 044 5.50 371 | 6.20 15.85 30.28
3| 046 570 345 | 530 14.91 32.19
4] 0.43 5.10 361 | 6.10 15.24 31.50
wst 50 042 5.50 377 | 7.60 17.29 27.76
S1ZIng 6| 0.44 5.50 3.65 | 7.40 16.99 28.25
71 046 530 363 | 5.20 14.59 32.90
8| 045 5.40 375 | 5.50 15.10 31.79
gt:jage 0.44 5.41 361 | 6.08 15.55 31.00
1] 1.13 5.40 2.50 9.03 53.16
21 112 5.60 2.35 9.07 52.92
3] 112 5.20 2.30 8.62 55.68
4] 1.10 530 2.42 8.82 54.42
ws2 51 1.13 5.20 2.61 8.94 53.69
smoathening 6| 1.12 5.40 2.52 9.04 53.10
71 113 550 2.48 9.11 52.69
8| 1.12 5.60 2.32 9.04 53.10
hoerage | 112 | 540 | 244 8.96 53.59
1 113 25.40 3.43 29.96 16.02
2] 1.14 2420 3.62 28.96 16.57
3] 1.13 25.30 3.65 30.08 15.96
4] 112 25.10 3.52 29.74 16.14
W3 cutting 51 115 2430 3.41 28.86 16.63
6| 1.12 25.70 3.66 30.48 15.75
71 112 25.80 338 30.30 15.84
8| 1.10 25.90 3.56 30.56 15.71
l‘j:jage 1.13 2521 3.53 29.87 16.08
1| 1.16 10.30 240 | 1005 | 23.91 20.08
2] 1.13 10.40 230 | 1240 | 2623 18.30
3] 112 10.20 240 | 1230 | 26.02 18.45
4] 1.13 10.50 215 | 1050 | 2428 19.77
Wi Eding 51 1.16 10.40 240 | 9.40 23.36 20.55
6| 1.10 10.70 220 | 1140 | 25.40 18.90
71 1.14 10.20 260 | 1050 | 24.44 19.64
8| 1.13 10.60 270 | 1060 | 25.03 19.18
i‘iz"‘rlage 1.13 10.41 239 | 1089 | 24.83 19.36
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1] 1.10 511 3.48 9.69 49.54
2 112 5.13 3.23 9.48 50.63
3] 1.13 512 3.20 9.45 50.79
4] 1.11 513 336 9.60 50.00
wss 50 1.12 511 3.40 9.63 49.84
Drilling 6| 1.10 5.14 323 9.47 50.69
71 1.13 513 3.32 9.58 50.10
8| 1.11 512 3.52 9.75 4923
e | 112|512 | 334 9.58 50.10
1] 211 30.50 335 | 33.40 | 6936 6.92
2] 213 30.60 322 | 3250 | 6845 7.01
3] 215 30.30 320 | 34.00 | 69.65 6.89
- 4] 216 30.20 345 | 33.10 | 6891 6.97
Spray & 50 212 30.60 340 | 3250 | 68.62 7.00
Bake 6| 2.14 30.50 310 | 33.60 | 69.34 6.92
71 213 30.30 351 | 3240 | 6834 7.02
8| 2.16 30.20 335 | 3450 | 7021 6.84
z‘;frlage 2.14 30.40 332 | 3325 | 69.11 6.95
1 3.45 1.59 5.04 95.24
2 3.10 1.60 470 102.13
3 3.20 1.65 4.85 98.97
4 335 1.59 4.94 97.17
WS7 Holder 5 3.40 1.65 5.05 95.05
attachment 6 3.60 2.00 5.60 85.71
7 3.45 1.60 5.05 95.05
8 3.45 2.00 5.45 88.07
;(\)/?rlage 3.38 1.71 5.09 94.67
1 15.20 1.62 16.82 28.54
2 17.40 1.60 19.00 25.26
3 15.50 1.68 17.18 27.94
4 16.40 1.65 18.05 26.59
wss 5 17.20 1.60 18.80 25.53
Assembly 6 16.10 1.80 17.90 26.82
7 15.60 1.65 17.25 27.83
8 16.40 2.00 18.40 26.09
gﬁfage 16.23 1.70 17.93 26.82
Grand | 7 0¢ | 10156 | 22.05 | 5022 | 180.91 2.65

Total
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Mar-12
Se.tUp Ope_rating Move Dela Total Amount/
Loop | rime | Tme | Tine | Tume | Time/unit | S7OUTS
1| 044 530 346 | 5.40 14.60 32.88
2] 043 5.50 360 | 630 15.83 30.32
3| 046 5.60 345 | 530 14.81 32.41
4] 043 5.10 361 | 6.10 1524 31.50
wst 50 042 5.50 378 | 7.50 17.20 27.91
S1ZIng 6| 045 5.40 3.65 | 6.40 15.90 30.19
71 046 530 363 | 520 14.59 32.90
8| 045 5.40 375 | 5.60 15.20 31.58
gﬁ:jage 0.44 5.39 362 | 5.98 15.42 31.21
1| 1.14 5.40 2.56 9.10 52.75
21 112 5.50 2.30 8.92 53.81
3] 111 5.20 2.10 8.41 57.07
4] 1.10 5.40 2.42 8.92 53.81
ws2 51 1.13 5.20 2.61 8.94 53.69
smoathening 6| 1.11 530 2.63 9.04 53.10
70 1.13 550 2.48 9.11 52.69
8| 1.13 5.60 2.32 9.05 53.04
hoerage | 112|539 | 243 8.94 53.75
1| 112 25.30 3.54 29.96 16.02
2 115 2420 3.62 28.97 16.57
3] 1.13 25.40 3.67 30.20 15.89
4] 112 2520 3.52 29.84 16.09
W3 cutting 51 1.14 2430 3.41 28.85 16.64
6| 1.12 25.60 3.66 30.38 15.80
71 1.13 25.70 3.40 30.23 15.88
8| 1.10 25.90 3.52 30.52 15.73
i‘iﬁjjage 1.13 25.20 3.54 29.87 16.08
1| 117 10.30 230 | 1015 | 23.92 20.07
2] 1.14 10.50 220 | 1240 | 26.24 18.29
3] 112 10.10 240 | 1330 | 2692 17.83
4] 1.12 10.50 220 | 1040 | 2422 19.82
Wi Eding 51 1.15 10.40 230 | 930 23.15 20.73
6| 1.11 10.60 225 | 1040 | 2436 19.70
71 1.14 10.20 260 | 1150 | 25.44 18.87
8| 1.13 10.70 270 | 1050 | 25.03 19.18
i‘iﬁ‘fage 1.14 10.41 237 | 1099 | 2491 19.31
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1] 1.10 512 3.52 9.74 4928
2] 11 5.13 3.23 9.47 50.69
30 1.13 511 3.32 9.56 50.21
4] 1.10 513 336 9.59 50.05
wss 50 1.10 511 3.41 9.62 49.90
Drilling 6| 1.10 5.15 323 9.48 50.63
71 112 513 3.30 9.55 50.26
8| 1.11 511 3.52 9.74 4928
hoetage | 111|512 | 336 9.59 50.04
1] 211 30.50 341 | 3240 | 6842 7.02
2] 212 30.60 322 | 3320 | 69.14 6.94
3] 214 30.40 320 | 34.00 | 69.74 6.88
4] 216 30.20 343 | 33.10 | 68.89 6.97
Sray & 5] 213 | 3040 | 340 [ 3260 | 68.53 7.00
Bake 6| 2.14 30.60 315 | 33.60 | 69.49 6.91
71 212 30.30 351 | 3440 | 70.33 6.82
8| 2.15 30.10 335 | 34.00 | 69.60 6.90
gtjrlage 2.13 30.39 333 | 3341 | 6927 6.93
1 3.45 1.60 5.05 95.05
2 3.20 1.60 4.80 100.00
3 3.20 1.65 4.85 98.97
4 3.45 1.59 5.04 95.24
WS7 Holder 5 3.40 1.65 5.05 95.05
attachment 6 3.60 2.00 5.60 85.71
7 3.45 1.65 5.10 94.12
8 3.40 2.00 5.40 88.89
o 339 | 172 5.1 94.13
verage
1 15.30 1.68 16.98 2827
2 17.40 1.60 19.00 25.26
3 15.50 1.80 17.30 27.75
4 16.30 1.65 17.95 26.74
wss 5 17.20 1.60 18.80 25.53
Assembly 6 16.10 1.80 17.90 26.82
7 15.60 1.65 17.25 27.83
8 16.40 2.00 18.40 26.09
rotage 1623 | 172 1795 | 2678
Grand | 707 | 10152 | 22.09 | 5038 | 181.06 2.65

Total
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Apr-12
Se.tUp Ope_rating Move Dela Total Amount/
Loop | rime | Tme | Tine | Tume | Time/unit | S7OUTS
1| 045 5.20 336 | 520 14.21 33.78
2] 042 5.40 352 | 620 15.54 30.89
3] 046 5.60 345 | 530 14.81 32.41
4] 043 5.20 361 | 6.10 15.34 31.29
wst 50 041 5.40 370 | 630 15.81 30.36
S1ZIng 6| 045 5.50 3.65 | 7.30 16.90 28.40
71 0.46 5.40 359 | 6.50 15.95 30.09
8| 0.44 530 375 | 5.60 15.09 31.81
iifjage 0.44 538 358 | 6.06 15.46 31.13
1] 1.14 5.40 2.47 9.01 5327
2] 1.13 5.50 2.30 8.93 53.75
3] 1.10 5.10 2.20 8.40 57.14
4 111 5.40 2.42 8.93 53.75
Ws2 50 1.13 5.20 2.59 8.92 53 81
smoathening 6| 1.12 530 2.63 9.05 53.04
71 1.12 5.40 2.48 9.00 5333
8| 1.13 5.60 234 9.07 52.92
i‘iﬁjﬁage 1.12 536 2.43 8.91 53.88
1] 112 25.40 3.60 30.12 15.94
2] 1.14 24.20 3.58 28.92 16.60
3] 1.13 25.40 3.70 30.23 15.88
4] 1.12 25.10 3.52 29.74 16.14
W3 cutting 50 1.15 24.40 3.41 28.96 16.57
6| 1.12 25.50 3.65 30.27 15.86
71 1.13 25.70 3.40 30.23 15.88
8| 1.11 25.80 3.53 30.44 15.77
i‘j:jage 1.13 25.19 3.55 29.86 16.08
1] 1.16 10.30 240 | 10.15 | 24.01 19.99
2 1.14 10.40 230 | 1240 | 26.24 18.29
3] 1.13 10.20 240 | 1330 | 27.03 17.76
4] 1.12 10.50 220 | 1040 | 2422 19.82
Wi Eding 51 1.15 10.30 240 | 930 23.15 20.73
6| 1.12 10.70 225 | 1140 | 2547 18.85
71 1.14 10.20 270 | 10.60 | 24.64 19.48
8| 1.13 10.60 260 | 1050 | 2483 19.33
hoerage | 114 | 1040 | 241 | 1101 | 2495 | 1928
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1] 1.10 511 3.52 9.73 4933
2] 1.12 5.15 3.23 9.50 50.53
3] 1.13 511 332 9.56 50.21
4] 1.11 513 336 9.60 50.00
Wss 51 1.10 511 341 9.62 49.90
Drilling 6| 1.11 513 323 9.47 50.69
71 1.13 5.13 330 9.56 50.21
8| 111 511 352 9.74 4928
gfrlage 111 5.12 3.36 9.60 50.02
1| 210 30.40 341 | 3240 | 6831 7.03
2 211 30.60 322 | 3310 | 69.03 6.95
3 214 30.40 320 | 3400 | 69.74 6.88
4] 216 30.20 343 | 3210 | 67.89 7.07
Spray & 5| 213 | 3030 | 340 | 3260 | 6843 7.01
Bake 6| 2.15 30.60 315 | 3330 | 69.20 6.94
71 212 30.40 351 | 3440 | 70.43 6.82
8| 2.14 30.10 335 | 3340 | 68.99 6.96
gfrlage 2.13 30.38 333 | 33.16 | 69.00 6.96
1 3.40 1.60 5.00 96.00
2 3.20 1.60 4.80 100.00
3 3.40 1.65 5.05 95.05
4 3.45 1.59 5.04 95.24
WS7 Holder 5 3.20 1.65 4.85 98.97
attachment 6 3.60 2.00 5.60 85.71
7 3.45 1.65 5.10 94.12
8 3.45 2.00 5.45 88.07
o 3.39 1.72 5.11 94.15
verage
1 15.20 1.68 16.88 28 44
2 17.50 1.60 19.10 25.13
3 15.30 1.80 17.10 28.07
4 16.30 1.65 17.95 26.74
wss 5 17.20 1.60 18.80 25.53
Assembly 6 16.20 1.80 18.00 26.67
7 15.60 1.65 17.25 27.83
8 16.40 2.00 18.40 26.09
rotage 1621 | 172 1794 | 2681
Grand | 707 | 10143 | 22.10 | 5023 | 180.83 2.65

Total
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May-12
Se.tUp Ope_rating Move Dela Total Amount/
Loop | rime | Tme | Tine | Tume | Time/unit | S7OUTS
1| 0.44 5.20 3.40 | 5.30 14.34 33.47
2| 043 5.40 352 | 620 15.55 30.87
3| 046 5.50 350 | 5.40 14.86 32.30
41 043 5.20 361 | 7.10 16.34 29.38
wst 50 042 5.40 346 | 6.60 15.88 30.23
stzing 6| 045 5.60 3.65 | 7.40 17.10 28.07
71 0.46 5.40 359 | 5.0 14.65 32.76
8| 045 5.20 375 | 5.60 15.00 32.00
gﬁ:jage 0.44 5.36 3.56 | 6.10 15.47 31.13
1| 115 5.30 252 8.97 53.51
2] 112 5.50 2.30 8.92 53.81
31 1.10 5.20 2.20 8.50 56.47
41 111 5.50 2.40 9.01 53.27
ws2 50 113 5.30 2.55 8.98 53.45
smoothening 6| L11 5.40 2.63 9.14 52.52
71 1.12 5.40 2.48 9.00 53.33
8| 1.14 5.50 234 8.98 53.45
hoerage | 112|539 | 243 8.94 53.73
1] 111 2540 | 3.49 30.00 16.00
2| 114 2430 | 3.42 28.86 16.63
31 113 2540 | 3.55 30.08 15.96
4 1.13 2520 | 3.52 29.85 16.08
W3 cutting 50 115 2430 | 3.41 28.86 16.63
6| 113 2550 | 3.65 30.28 15.85
71 1.12 2570 | 3.45 3027 15.86
8| 1.11 2570 | 3.53 30.34 15.82
i‘iﬁjjage 1.13 2519 | 3.50 29.82 16.10
1| 115 1020 | 230 | 1040 | 24.05 19.96
2 115 1050 | 230 | 1240 | 2635 18.22
30 112 1020 | 245 | 1215 | 25.92 18.52
41 1.13 1040 | 220 | 1040 | 24.13 19.89
Wi Eding 50 1.15 1030 | 230 | 930 | 23.05 20.82
6| 112 1070 | 250 | 1140 | 2572 18.66
71 115 1030 | 270 | 9.60 | 2375 2021
8| 1.14 1060 | 2.60 | 11.40 | 25.74 18.65
hoeage | 114 | 1040 | 242 | 1088 | 2484 | 1937
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1] 111 512 3.4 9.47 50.69
2] 1.12 515 3.33 9.60 50.00
3 1.14 511 332 9.57 50.16
4] 1.11 5.14 336 9.61 49.95
wss 50 111 511 3.41 9.63 49.84
Drilling 6| 1.12 5.12 323 9.47 50.69
71 1.13 513 3.30 9.56 50.21
8| 1.12 511 3.42 9.65 49.74
e | 112|512 | 333 9.57 50.16
1] 211 30.20 355 | 33.10 | 68.96 6.96
2 211 30.60 325 | 3240 | 6836 7.02
3] 215 30.40 320 | 3400 | 69.75 6.88
- 4] 216 30.10 332 | 32.10 | 67.68 7.09
Spray & 50 214 30.30 340 | 32.60 | 68.44 7.01
Bake 6| 2.15 30.60 323 | 3330 | 69.28 6.93
71 212 30.40 336 | 3440 | 7028 6.83
8| 2.13 30.10 335 | 3330 | 68.88 6.97
Xitjrlage 2.13 30.34 333 | 33.15 | 6895 6.96
1 3.40 1.62 5.02 95.62
2 3.20 1.60 4.80 100.00
3 3.35 1.65 5.00 96.00
4 3.45 1.60 5.05 95.05
WS7 Holder 5 3.20 1.65 4.85 98.97
attachment 6 3.60 1.59 5.19 92.49
7 3.40 1.65 5.05 95.05
8 3.45 2.00 5.45 88.07
rotage 338 | 167 5.05 95.16
1 15.30 1.68 16.98 2827
2 17.50 1.58 19.08 25.16
3 15.30 1.80 17.10 28.07
4 16.20 1.64 17.84 26.91
wss 5 17.20 1.60 18.80 25.53
Assembly 6 16.30 2.00 18.30 26.23
7 15.70 1.65 17.35 27.67
8 16.40 2.00 18.40 26.09
rotage 1624 | 174 1798 | 26.74
Grand | 709 | 10142 | 21.98 | 50.13 | 180.62 2.66

Total
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Jun-12
Se.tUp Ope_rating Move Dela Total Amount/
Loop | rime | Tme | Tine | Tume | Time/unit | S7OUTS
1] 043 530 364 | 5.60 14.97 32.06
2] 044 530 333 | 5.50 14.57 32.94
3] 045 5.40 350 | 6.00 15.35 3127
4] 043 5.20 361 | 5.70 14.94 32.13
wst 50 042 5.30 375 | 630 15.77 30.44
S1ZIng 6| 0.44 5.60 3.65 | 7.40 17.09 28.09
71 0.46 5.50 342 | 6.40 15.78 30.42
8| 0.46 520 375 | 5.60 15.01 31.98
iifjage 0.44 535 358 | 6.06 15.44 31.17
1] 1.14 5.20 238 8.72 55.05
21 112 5.50 2.40 9.02 53.22
3] 1.10 5.30 235 8.75 54.86
4] 1.12 5.40 2.30 8.82 54.42
Ws2 50 1.13 5.30 2.55 8.98 53.45
smoathening 6| 1.11 5.40 2.63 9.14 52.52
71 111 530 2.40 8.81 54.48
8| 1.14 5.40 234 8.88 54.05
i‘ifrlage 1.12 535 2.42 8.89 54.01
1] 112 25.30 3.54 29.96 16.02
2] 1.14 24.40 3.42 28.96 16.57
3 1.14 25.40 3.49 30.03 15.98
4] 1.12 25.20 3.52 29.84 16.09
W3 cutting 51 115 24.40 3.53 29.08 16.51
6| 1.13 25.50 3.65 30.28 15.85
71 1.12 25.60 3.40 30.12 15.94
8| 1.10 25.80 3.53 30.43 15.77
i‘j:jage 1.13 25.20 3.51 29.84 16.09
1] 1.14 10.30 240 | 1020 | 24.04 19.97
2 115 10.60 260 | 11.05 | 25.40 18.90
3 111 10.10 245 | 11.15 | 2481 19.35
4] 1.13 10.30 230 | 1040 | 24.13 19.89
Wi Eding 51 1.15 10.40 230 | 930 23.15 20.73
6| 1.12 10.70 250 | 1040 | 2472 19.42
71 1.14 10.30 280 | 11.60 | 25.84 18.58
8| 1.15 10.70 260 | 10.15 | 24.60 19.51
hoetage | 114 | 1043 | 249 | 1053 | 2459 | 19.54
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1] 1.10 511 3.4 9.45 50.79
2] 1.13 5.14 3.33 9.60 50.00
3] 1.13 512 332 9.57 50.16
4] 1.11 5.14 325 9.50 50.53
wss 50 1.12 511 335 9.58 50.10
Drilling 6| 1.11 513 323 9.47 50.69
71 112 513 328 9.53 50.37
8| 1.11 511 3.40 9.62 49.90
hoetage | 112|512 ] 330 9.54 50.32
1| 212 30.20 356 | 32.60 | 6848 7.01
2] 211 30.50 330 | 3240 | 6831 7.03
3 214 30.50 320 | 33.10 | 68.94 6.96
- 4] 215 30.10 332 | 32.10 | 67.67 7.09
Spray & 50 214 30.20 345 | 33.00 | 68.79 6.98
Bake 6| 2.14 30.60 323 | 3410 | 70.07 6.85
71 211 30.50 340 | 33.60 | 69.61 6.90
8| 2.13 30.20 335 | 3240 | 68.08 7.05
gfrlage 2.13 30.35 335 | 3291 | 68.74 6.98
1 330 1.65 4.95 96.97
2 3.20 1.60 4.80 100.00
3 3.35 1.60 4.95 96.97
4 3.40 1.59 4.99 96.19
WS7 Holder 5 3.20 1.65 4.85 98.97
attachment 6 3.60 2.00 5.60 85.71
7 3.30 1.60 4.90 97.96
8 3.45 2.00 5.45 88.07
rotage 335 | 171 506 | 95.11
1 15.40 1.62 17.02 28.20
2 17.50 1.58 19.08 25.16
3 15.30 1.60 16.90 28.40
4 16.40 1.64 18.04 26.61
wss 5 17.20 1.80 19.00 25.26
Assembly 6 16.30 2.00 18.30 26.23
7 15.60 1.65 17.25 27.83
8 16.40 1.59 17.99 26.68
gfrlage 16.26 1.69 17.95 26.80
Grand | 707 | 10141 | 22.05 | 4951 | 180.04 2.67

Total
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Data analysis of throughput time after improvement (Jul-Dec 2012)

Jul-12
Setu Operatin Amount/
Loop Tims IOTime ’ '}Ai?;’: Ti;(;;ﬂni ;| 8hours
(Min) (min) (Unit)
1| 032 5.30 1.04 6.66 72.07
21 030 5.70 1.05 7.05 68.09
3| 033 5.60 1.10 7.03 68.28
4| 032 5.00 1.08 6.40 75.00
ws1 50 034 5.40 1.06 6.80 70.59
Stzing 6| 031 5.60 1.06 6.97 68.87
71 030 5.30 1.05 6.65 72.18
8| 0.32 5.40 1.07 6.79 70.69
i‘;frlage 0.32 5.41 1.06 6.79 70.72
1] 0.94 5.40 1.02 7.36 65.22
21 095 5.60 1.00 7.55 63.58
3] 094 5.30 1.01 7.25 66.21
4| 095 5.20 1.01 7.16 67.04
Ws2 50 0.94 5.10 1.02 7.06 67.99
smoothening 6| 0.96 530 1.02 7.28 65.93
71 0.94 5.60 1.00 7.54 63.66
8| 0.96 5.40 1.01 7.37 65.13
i‘;ﬁage 0.95 5.36 1.01 7.32 65.59
1| 0.94 25.20 1.02 27.16 17.67
21 0.96 24.20 1.02 26.18 18.33
3] 094 25.40 1.00 27.34 17.56
41 095 25.20 1.01 27.16 17.67
WS3 cutting 50 0.96 24.30 1.01 26.27 18.27
6| 095 25.60 1.00 27.55 17.42
71 095 25.60 1.02 27.57 17.41
8| 0.94 25.80 1.00 27.74 17.30
i‘;ﬁage 0.95 25.16 1.01 27.12 17.71
1| 0.51 10.40 1.00 11.91 40.30
21 050 10.40 1.02 11.92 40.27
31 050 10.30 1.02 11.82 40.61
Wt Edging 4| 049 10.50 1.01 12.00 40.00
50 049 10.30 1.00 11.79 40.71
6| 0.51 10.60 1.01 12.12 39.60
71 0.0 10.20 1.01 11.71 40.99
8| 051 10.40 1.03 11.94 40.20




Total
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Average | 030 10.39 1.01 11.90 40.34
1] 0.49 512 1.01 6.62 72.51
2] 051 5.12 1.01 6.64 72.29
3] 051 5.11 1.00 6.62 72.51
4] 049 513 1.00 6.62 72.51
Wwss 51 0.50 5.12 1.03 6.65 72.18
Drilling 6| 051 5.11 1.02 6.64 72.29
71 050 5.14 1.02 6.66 72.07
8| 049 5.13 1.01 6.63 72.40
i‘;frlage 0.50 5.12 1.01 6.64 72.34
1] 211 30.30 1.03 33.44 14.35
2 213 30.50 1.03 33.66 14.26
3 2.14 30.20 1.01 33.35 14.39
4] 215 30.10 1.00 33.25 14.44
Soray & 5[ 213 3050 | 1.02 33.65 14.26
Bake 6| 2.14 30.60 1.01 33.75 14.22
71 2.14 30.40 1.02 33.56 14.30
8| 2.16 30.30 1.02 33.48 14.34
i‘;ﬁage 2.14 30.36 1.02 33.52 14.32
1 3.35 1.00 435 110.34
2 3.30 1.02 432 11111
3 3.20 1.01 421 114.01
4 3.35 1.01 436 110.09
WS7 Holder 5 3.30 1.03 433 110.85
attachment 6 3.50 1.02 4.52 106.19
7 3.40 1.02 4.42 108.60
8 3.45 1.01 4.46 107.62
i‘;ﬁage 3.36 1.02 437 109.85
1 15.20 1.02 16.22 29.59
2 17.30 1.00 18.30 26.23
3 15.60 1.01 16.61 28.90
4 16.20 1.01 17.21 27.89
ws8 5 17.20 1.03 18.23 26.33
Assembly 6 16.20 1.02 17.22 27.87
7 15.60 1.02 16.62 28.88
8 16.30 1.03 17.33 27.70
z‘;tjrlage 16.20 1.02 17.22 27.92
Grand 5.35 101.37 8.16 114.88 4.18

Total
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Aug-12
Se_tup Ope_rating Move | Dela Total Amount/
Loop | Time | Time | Tume | Tume | Time/Unit | STOUTS
1] 033 5.20 1.03 6.56 73.17
2| 031 5.80 1.06 7.17 66.95
3 032 5.50 1.05 6.87 69.87
4] 031 5.00 1.08 6.39 75.12
wst 50 033 5.40 1.06 6.79 70.69
stzing 6| 032 5.50 1.06 6.88 69.77
71 030 5.40 1.05 6.75 7111
8| 032 5.40 1.10 6.82 70.38
gtjjage 0.32 5.40 1.06 6.78 70.88
1] 094 5.30 1.03 7.27 66.02
2] 0953 5.60 1.01 7.56 63.49
3] 093 5.40 1.00 7.33 65.48
41 095 5.20 1.01 7.16 67.04
ws2 5| 0.94 5.20 1.02 7.16 67.04
smoothening 6| 0.96 5.30 1.01 7.27 66.02
71 0.95 5.50 1.00 7.45 64.43
8| 0.96 5.30 1.02 7.28 65.93
hoetage | 095 | 535 | 101 731 65.68
1] 093 25.30 1.01 27.24 17.62
2] 095 24.20 1.02 26.17 18.34
3] 094 25.40 1.00 27.34 17.56
4] 095 25.10 1.00 27.05 17.74
W3 cutting 5] 095 24.30 1.01 26.26 18.28
6| 094 25.50 1.01 27.45 17.49
71 0.95 25.60 1.02 27.57 17.41
8| 093 25.80 1.01 27.74 17.30
l‘j:jage 0.94 25.15 1.01 27.10 17.72
1] 050 10.40 1.01 11.91 40.30
2] 051 10.30 1.02 11.83 40.57
3| 050 10.20 1.02 11.72 40.96
4] 050 10.50 1.01 12.01 39.97
W4 Edging 5| 049 10.30 1.00 11.79 40.71
6| 052 10.70 1.02 12.24 39.22
71 0.49 10.30 1.01 11.80 40.68
8| 051 10.40 1.02 11.93 40.23
i‘j:jage 0.50 10.39 1.01 11.90 40.33
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1| 050 511 1.02 6.63 72.40
2] 050 513 1.01 6.64 72.29

3] 052 511 1.00 6.63 72.40

4] 049 5.14 1.01 6.64 72.29

wss 51 050 512 1.03 6.65 72.18
Drilling 6| 052 5.10 1.02 6.64 72.29
71 050 513 1.01 6.64 72.29

8| 050 5.14 1.02 6.66 72.07

gfrlage 0.50 5.12 1.02 6.64 72.28

1| 212 30.40 1.02 33.54 1431

2 212 30.50 1.03 33.65 14.26

3 214 30.30 1.01 33.45 14.35

4] 215 30.10 1.01 33.26 14.43

Sray & 50 213 | 3060 | 1.02 33.75 14.22
Bake 6| 2.13 30.50 1.02 33.65 14.26
71 215 30.40 1.02 33.57 14.30

8| 2.16 30.30 1.01 33.47 14.34

gfrlage 2.14 30.39 1.02 33.54 14.31
1 3.30 1.01 431 111.37
2 335 1.02 437 109.84

3 3.20 1.01 421 114.01
4 335 1.02 437 109.84
WS Holder 5 3.30 1.03 433 110.85
attachment 6 3.45 1.02 4.47 107.38
7 3.50 1.01 451 106.43
8 3.45 1.01 4.46 107.62
zcx)srlage 3.36 1.02 438 109.67

1 15.30 1.03 16.33 29.39

2 17.20 1.01 18.21 26.36

3 15.60 1.01 16.61 28.90

4 16.30 1.02 17.32 2771

ws8 5 17.20 1.02 18.22 26.34
Assembly 6 16.20 1.01 17.21 27.89
7 15.60 1.02 16.62 28.88

8 16.30 1.03 17.33 27.70

rotage 1621 | 1.02 1723 | 27.90

Grand | 5 35 10137 | 817 | 0.00 | 114.89 418

Total
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Sep-12
Se_tup Ope_rating Move | Dela Total Amount/
Loop | Time | Time | Tume | Tume | Time/Unit | S7OUTS
1| 032 5.30 1.02 6.64 72.29
2] 030 5.70 1.05 7.05 68.09
3 032 5.60 1.04 6.96 68.97
41 031 5.10 1.08 6.49 73.96
wst 5] 032 5.40 1.06 6.78 70.80
stzing 6| 0.32 5.50 1.07 6.89 69.67
71 030 5.30 1.05 6.65 72.18
8| 033 5.40 1.09 6.82 70.38
hoerage | 032 | 541 | 106 679 | 7079
1| 093 5.20 1.04 7.17 66.95
2| 096 5.60 1.01 7.57 63.41
3 092 5.30 1.01 7.23 66.39
41 095 5.20 1.02 7.17 66.95
ws? 5] 0.94 5.10 1.02 7.06 67.99
smoothening 6| 095 5.30 1.01 7.26 66.12
7| 0.95 5.50 1.01 7.46 64.34
8| 0.96 5.20 1.02 7.18 66.85
l‘j:jage 0.95 5.30 1.02 7.26 66.12
1| 093 25.40 1.02 27.35 17.55
2| 095 24.10 1.01 26.06 18.42
3| 095 25.30 1.00 27.25 17.61
4] 095 25.20 1.01 27.16 17.67
W3 cutting 5] 094 24.30 1.01 26.25 18.29
6| 0.94 25.50 1.02 27.46 17.48
7| 0.95 25.50 1.02 27.47 17.47
8| 0.94 25.70 1.01 27.65 17.36
l‘j:jage 0.94 25.13 1.01 27.08 17.73
1| 049 10.50 1.00 11.99 40.03
2] 0.50 10.30 1.02 11.82 40.61
3| 051 10.30 1.01 11.82 40.61
41 050 10.40 1.02 11.92 40.27
Wi Eding 5] 049 10.30 1.00 11.79 40.71
6| 051 10.60 1.02 12.13 39.57
7] 049 10.30 1.02 11.81 40.64
8| 052 10.50 1.01 12.03 39.90
hoetage | 050 | 1040 | 101 1191 | 4029
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1] 051 5.12 1.01 6.64 72.29

21 050 5.13 1.02 6.65 72.18

3 052 5.10 1.01 6.63 72.40

4] 049 5.13 1.00 6.62 72.51

wss 51 051 5.12 1.02 6.65 72.18
Drilling 6| 051 511 1.02 6.64 72.29
71 050 5.13 1.02 6.65 72.18

8| 051 513 1.03 6.67 71.96

hoetage | 051|512 | 102 6.64 | 7225

1] 2.11 30.30 1.03 33.44 14.35

2] 212 30.60 1.02 33.74 14.23

3 214 30.30 1.01 33.45 14.35

4] 216 30.10 1.00 33.26 14.43

Sray & 50 213 | 3050 | 1.02 33.65 14.26
Bake 6| 2.12 30.50 1.02 33.64 14.27
71 2.15 30.30 1.01 33.46 14.35

8| 2.15 30.30 1.02 33.47 14.34

gﬁfage 2.14 30.36 1.02 33.51 14.32
1 3.20 1.00 4.20 114.29
2 335 1.02 437 109.84
3 3.10 1.02 4.12 116.50
4 335 1.02 437 109.84
WS Holder 5 3.40 1.03 4.43 108.35
attachment 6 3.45 1.02 4.47 107.38
7 3.50 1.02 4.52 106.19
8 3.50 1.01 451 106.43
rotage 336 | 1.02 437 | 109.85

1 15.40 1.02 16.42 2923

2 17.10 1.01 18.11 26.50

3 15.50 1.02 16.52 29.06

4 16.40 1.02 17.42 27.55

wss 5 17.20 1.01 18.21 26.36
Assembly 6 16.30 1.01 17.31 27.73
7 15.60 1.02 16.62 28.88

8 16.30 1.02 17.32 2771

rotage 1623 | 1.02 1724 | 27.88

Grand | 5 35 10130 | 8.17 114.82 418

Total
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Oct-12
Se_tup Ope_rating Move | Dela Total Amount/
Loop | Time | Time | Tume | Tume | Time/Unit | S7OUTS
1] 031 5.20 1.03 6.54 73.39
21 030 5.70 1.04 7.04 68.18
3] 032 5.50 1.04 6.86 69.97
41 032 5.20 1.07 6.59 72.84
wst 51 032 5.50 1.06 6.88 69.77
S1ZIng 6| 031 5.40 1.06 6.77 70.90
71 030 5.20 1.04 6.54 73.39
8| 032 5.40 1.09 6.81 70.48
hvetage | 031 | 539 | 105 6.75 71.12
1] 092 5.10 1.03 7.05 68.09
2] 0.95 5.50 1.01 7.46 64.34
3] 093 530 1.02 7.25 66.21
4] 095 520 1.02 7.17 66.95
ws?2 51 0.94 5.20 1.01 7.15 67.13
smaothiening 6| 0.94 530 1.01 7.25 66.21
71 095 5.60 1.00 7.55 63.58
8| 095 5.10 1.02 7.07 67.89
i‘iﬁjﬁage 0.94 529 1.02 7.24 66.30
1] 094 25.50 1.01 27.45 17.49
2] 095 24.20 1.01 26.16 18.35
3] 095 25.30 1.01 27.26 17.61
4] 094 25.10 1.01 27.05 17.74
W3 cutting 51 093 24.30 1.02 26.25 18.29
6| 0.94 25.40 1.02 27.36 17.54
71 095 25.50 1.03 27.48 17.47
8| 093 25.60 1.01 27.54 17.43
i‘iﬁjﬁage 0.94 25.11 1.02 27.07 17.74
1] 050 10.40 1.01 11.91 40.30
2] 051 10.30 1.02 11.83 40.57
3] 050 10.20 1.02 11.72 40.96
41 049 10.40 1.01 11.90 40.34
s Edging 51 049 10.30 1.00 11.79 40.71
6| 0.50 10.50 1.02 12.02 39.93
71 049 10.30 1.01 11.80 40.68
8| 051 10.60 1.03 12.14 39.54
i‘iﬁjﬁage 0.50 10.38 1.02 11.89 40.38
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1] 052 511 1.02 6.65 72.18
21 050 5.12 1.02 6.64 72.29
3] 052 5.10 1.01 6.63 72.40
4] 049 5.13 1.01 6.63 72.40
wss 51 050 513 1.02 6.65 72.18
Drilling 6| 051 511 1.01 6.63 72.40
71 050 5.12 1.02 6.64 72.29
8| 050 513 1.02 6.65 72.18
gfrlage 0.51 5.12 1.02 6.64 72.29
1] 2.12 30.40 1.02 33.54 1431
2] 212 30.50 1.02 33.64 1427
3 213 30.30 1.02 33.45 14.35
- 4] 215 30.20 1.01 33.36 14.39
Spray & 50 213 30.50 1.02 33.65 14.26
Bake 6| 2.12 30.40 1.01 33.53 14.32
71 2.16 30.30 1.01 33.47 14.34
8| 2.15 30.20 1.02 3337 14.38
gfrlage 2.14 30.35 1.02 33.50 14.33
1 330 1.01 431 111.37
2 335 1.02 437 109.84
3 3.10 1.01 4.11 116.79
4 3.40 1.02 4.42 108.60
WS Holder 5 3.30 1.02 432 111.11
attachment 6 3.45 1.02 4.47 107.38
7 3.50 1.03 4.53 105.96
8 3.45 1.01 4.46 107.62
Ejﬂage 3.36 1.02 437 109.83
1 15.30 1.03 16.33 2939
2 17.20 1.00 18.20 2637
3 15.50 1.02 16.52 29.06
4 16.30 1.01 17.31 2773
wss 5 17.20 1.01 18.21 26.36
Assembly 6 16.30 1.02 17.32 27.71
7 15.50 1.02 16.52 29.06
8 16.20 1.01 17.21 27.89
rotage 1619 | 1.02 1720 | 27.95
Grand | g 35 101.18 | 8.16 114.67 4.19

Total
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Nov-12
Setu Operatin Amount/
Loop Tims pTime ) '\T/Iifr\]'s Ti;(::}slnit 8hours
(Min) (min) (Unit)
1| 030 5.30 1.04 6.64 72.29
2| 031 5.60 1.03 6.94 69.16
31 031 5.50 1.04 6.85 70.07
4| 032 5.20 1.06 6.58 72.95
ws1 50 032 5.40 1.06 6.78 70.80
S12Ing 6| 032 5.40 1.06 6.78 70.80
71 030 5.10 1.05 6.45 74.42
8| 0.32 5.30 1.08 6.70 71.64
Zﬁage 0.31 5.35 1.05 6.72 71.52
1| 093 5.20 1.02 7.15 67.13
21 095 5.40 1.00 7.35 65.31
31 0.93 5.30 1.01 7.24 66.30
4| 095 5.20 1.02 7.17 66.95
Ws2 50 093 5.10 1.02 7.05 68.09
smoothening 6| 0.94 530 1.01 7.25 66.21
71 093 5.60 1.01 7.54 63.66
8| 095 5.20 1.02 7.17 66.95
Xifrlage 0.94 5.29 1.01 7.24 66.32
1| 095 25.50 1.02 27.47 17.47
21 095 24.30 1.01 26.26 18.28
3|1 0.94 25.20 1.02 27.16 17.67
41 093 25.10 1.01 27.04 17.75
WS3 cutting 50 093 24.30 1.02 26.25 18.29
6| 095 25.30 1.01 27.26 17.61
71 0.94 25.40 1.02 27.36 17.54
8| 0.93 25.60 1.01 27.54 17.43
Xifrlage 0.94 25.09 1.02 27.04 17.76
1| 051 10.50 1.02 12.03 39.90
21 052 10.30 1.02 11.84 40.54
3|1 0.50 10.30 1.02 11.82 40.61
st Edaing 4| 0.49 10.40 1.01 11.90 40.34
50 049 10.30 1.01 11.80 40.68
6| 0.0 10.40 1.02 11.92 40.27
71 049 10.30 1.00 11.79 40.71
8| 0.50 10.50 1.02 12.02 39.93




Total
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Average | 050 10.38 1.02 11.89 40.37
1] 051 512 1.01 6.64 72.29

2 050 5.13 1.02 6.65 72.18

3] 051 5.10 1.02 6.63 72.40

4] 049 512 1.01 6.62 72.51

wss 51 049 5.13 1.02 6.64 72.29
Drilling 6| 051 5.10 1.02 6.63 72.40
71 051 5.12 1.02 6.65 72.18

8| 049 5.12 1.01 6.62 72.51

i‘;tjrlage 0.50 5.12 1.02 6.64 72.34

1| 2.13 30.30 1.01 33.44 14.35

2 212 30.40 1.02 33.54 14.31

30 2.13 30.40 1.01 33.54 14.31

4] 214 30.30 1.00 33.44 14.35

Spray & 5| 213 | 3050 | 1.03 33.66 | 1426
Bake 6| 2.12 30.50 1.01 33.63 1427
71 215 30.20 1.02 3337 14.38

8| 2.15 30.20 1.02 33.37 14.38

xﬁfage 2.13 30.35 1.02 33.50 14.33
1 3.20 1.02 422 113.74
2 335 1.02 437 109.84
3 3.15 1.00 4.15 115.66
4 3.40 1.02 4.42 108.60
WS Holder 5 335 1.01 436 110.09
attachment 6 3.45 1.02 4.47 107.38
7 3.50 1.02 4.52 106.19
8 3.40 1.02 4.42 108.60
i‘;frlage 335 1.02 437 110.01

1 15.40 1.02 16.42 29.23

2 17.30 1.01 1831 26.22

3 15.60 1.03 16.63 28.86

4 16.20 1.01 17.21 27.89

wss 5 17.30 1.01 18.31 26.22
Assembly 6 16.30 1.02 17.32 27.71
7 15.60 1.02 16.62 28.88

8 16.20 1.00 17.20 27.91

z‘f:rlage 16.24 1.02 17.25 27.86

grand 1533 1 10116 | 8.16 114.64 4.19

Total
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Dec-12
Se_tup Ope_rating Move | Dela Total Amount/
Loop | Time | Time | Tume | Tume | Time/Unit | STOUTS
1] 031 5.40 1.04 6.75 71.11
2] 030 5.50 1.02 6.82 70.38
3| 031 5.50 1.04 6.85 70.07
41 031 5.20 1.06 6.57 73.06
wst 51 032 5.30 1.07 6.69 71.75
stzing 6| 032 5.40 1.06 6.78 70.80
7] 031 5.10 1.05 6.46 74.30
8| 032 5.20 1.07 6.59 72.84
hoerage | 031 | 533 | 105 669 | 7179
1] 094 5.30 1.02 7.26 66.12
2] 0953 5.40 1.01 7.36 65.22
30 092 5.20 1.01 7.13 67.32
41 095 5.20 1.02 7.17 66.95
ws2 51 092 5.20 1.02 7.14 67.23
smoothening 6| 0.94 5.30 1.01 7.25 66.21
7] 0.94 5.50 1.02 7.46 64.34
8| 095 5.30 1.02 7.27 66.02
i‘iﬁjjage 0.94 5.30 1.02 7.26 66.18
1] 094 25.40 1.03 27.37 17.54
2] 095 24.20 1.01 26.16 18.35
3| 095 25.30 1.02 27.27 17.60
41 093 25.10 1.01 27.04 17.75
W3 cutting 5| 094 24.30 1.02 26.26 18.28
6| 0.95 25.20 1.00 27.15 17.68
7] 0.93 25.40 1.02 27.35 17.55
8| 094 25.50 1.02 27.46 17.48
i‘iﬁjjage 0.94 25.05 1.02 27.01 17.78
1] 050 10.60 1.02 12.12 39.60
2] 051 10.40 1.03 11.94 40.20
3| 050 10.30 1.02 11.82 40.61
41 049 10.50 1.00 11.99 40.03
s Edging 5| 049 10.30 1.01 11.80 40.68
6| 0.50 10.40 1.02 11.92 40.27
7] 0.49 10.20 1.01 11.70 41.03
8| 0.49 10.40 1.01 11.90 40.34
i‘iﬁjrlage 0.50 10.39 1.02 11.90 40.34
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1| 050 5.13 1.02 6.65 72.18
2] 050 513 1.03 6.66 72.07

3] 051 511 1.02 6.64 72.29

4] 050 512 1.00 6.62 72.51

wss 5] 049 512 1.02 6.63 72.40
Drilling 6| 050 5.10 1.01 6.61 72.62
71 051 512 1.02 6.65 72.18

8| 049 513 1.02 6.64 72.29

gtjrlage 0.50 5.12 1.02 6.64 72.32

1| 212 30.20 1.02 3334 14.40

21 213 30.30 1.02 33.45 14.35

3 213 30.40 1.00 33.53 14.32

- 4] 215 30.30 1.00 33.45 14.35
Spray & 50 213 30.40 1.03 33.56 14.30
Bake 6| 2.12 30.50 1.01 33.63 14.27
71 215 30.20 1.03 33.38 14.38

8| 2.14 30.30 1.01 33.45 14.35

gtjrlage 2.13 30.33 1.02 33.47 14.34
1 3.30 1.01 431 111.37
2 330 1.02 432 111.11
3 3.20 1.01 421 114.01
4 345 1.02 4.47 107.38
WS7 Holder 5 335 1.00 435 110.34
attachment 6 3.45 1.03 4.48 107.14
7 3.50 1.02 4.52 106.19
8 3.45 1.01 4.46 107.62
ziz‘fage 3.38 1.02 4.39 109.40

1 15.50 1.02 16.52 29.06

2 17.30 1.01 18.31 26.22

3 15.50 1.02 16.52 29.06

4 16.20 1.01 17.21 27.89

wss 5 17.30 1.02 18.32 26.20
Assembly 6 16.40 1.02 17.42 27.55
7 15.60 1.01 16.61 28.90

8 16.30 1.01 17.31 27.73

gt;lage 16.26 1.02 17.28 27.83

Grand | 5 35 101.15 | 816 | 0.00 | 114.63 4.19

Total
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APPENDIX B

(Penalty Costs for Late Product Delivery)
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Penalty Costs for Late Product Delivery

. Total Amount Penalty Amount of | Penalty | Penalty Amount of Total Total
Production . . . Late Penalty Penalty
Months | of Late Days Day Costs/day/unit | Late days |Costs/unit]Costs/unit K
Systems (Days) (Baht) (Days) (Baht) (Baht) Delivered Costs Costs
Products (Baht) (Baht)
Ist-5th 10 5 50
6th-10th 12 5 60
Jan-12 20 11th-15th 15 5 75 275 30 8,250
16th-20th 18 5 90
21th-25th 20 0 0
Ist-5th 10 5 50
6th-10th 12 5 60
Feb-12 21 11th-15th 15 5 75 295 41 12,095
16th-20th 18 5 90
21th-25th 20 1 20
Ist-5th 10 5 50
6th-10th 12 5 60
Mar-12 18 11th-15th 15 5 75 239 30 7,170
16th-20th 18 3 54
Current 21th-25th 20 0 0
Prso)i‘:;?g” Tst5th 10 5 50 40.116.00
6th-10th 12 5 60
Apr-12 15 11th-15th 15 > 75 185 28 5,180
16th-20th 18 0 0
21th-25th 20 0 0
Ist-5th 10 5 50
6th-10th 12 5 60
May-12 15 11th-15th 15 5 75 185 21 3,885
16th-20th 18 0 0
21th-25th 20 0 0
Ist-5th 10 5 50
6th-10th 12 5 60
Jun-12 17 11th-15th 15 5 75 221 16 3,536
16th-20th 18 2 36
21th-25th 20 0 0
Ist-5th 10 5 50
6th-10th 12 4 48
Jul-12 9 11th-15th 15 0 0 98 15 1,470
16th-20th 18 0 0
21th-25th 20 0 0
Ist-5th 10 5 50
6th-10th 12 o 60
Aug-12 10 11th-15th 15 0 0 110 16 1,760
16th-20th 18 0 0
21th-25th 20 0 0
Ist-5th 10 5 50
6th-10th 12 3 36
Sep-12 8 11th-15th 15 0 0 86 12 1,032
16th-20th 18 0 0
CM 21th-25th 20 0 0
Prso}i;fxn Tst5th 10 5 50 5982
6th-10th 12 0 0
Oct-12 5 11th-15th 15 0 0 50 12 600
16th-20th 18 0 0
21th-25th 20 0 0
1st-5th 10 5 50
6th-10th 12 0 0
Nov-12 5 11th-15th 15 0 0 50 10 500
16th-20th 18 0 0
21th-25th 20 0 0
1st-5th 10 5 50
6th-10th 12 1 12
Dec-12 6 11th-15th 15 0 0 62 10 620
16th-20th 18 0 0
21th-25th 20 0 0
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