Preparation of Modular Bill of Materials (BOM) and
interfacing with customized ERP software

— A Case Study in OTOBI

by

Mohammed Mafuzul Islaml Mazumder

A Thesis
, Submitted to the
Department of Industrial & Production Engineering
in Partial Fulfilment ol the
Requirements for the Degree
of
MASTER OF ENGINEERING IN INDUSTRIAL &
PRODUCTION ENGINEERING

DEPARTMENT OF INDUSTRIAL & PRODUCTION ENGINEERING
BANGLADESH UNIVERSITY OF ENGINEERING & TECHNOLOGY
DHAKA, BANGLADESH

DECEMBER 2005
ST

P I.‘t

CSemee



The thesis titled “Preparation of Modular Bill of Materials (BOM) and
interfacing with customized ERP software — A Case Study in OTORBI™
submitted by Mohammed Mafuzul Islam Mazumder, Student No.
040408010F, Session- April 2004, has been accepted as satisfactni‘y in partial
fulfilliment of the requirement for the degree ol Master of Engineering in

Industrial & Production Engincering on December 17, 2005,

BOARD OF EXAMINERS
1. Dr Abdullahil Azeem Chairman
Assistant Prolessor {Supervisor}
Depanment ol Industrial & Production Engineering

BUET, Dhaka

I AT

2. Dr Mahiuddin Ahmed Member
Professor

Department of Industrial & Production Engineering
BUET, Dhaka

4. Dr. Abu Sayced Md Shumeon Member
Production Manager
OTORI Limited
Dhaka, Banpladesh



Declaration
I

It 1s hereby declare that this thesis or any part of it has not been submitted elsewhere

tor the award of any degree or diploma,

(Gl

Mohammed Mafuzul Islam Mazumder




This work is dedicated
to my loving

Father
Md. Nurul Islam Mazumder

&
Mother

Monowara Islam



Contents

Acknowledeements

Abstract

Contents

List of lgures

List of tables

Chapter-1

Introduction

I.1 Introduciion

1.2 Background

1.3 Justification
1.4 Objeclives

1.5 Organization of the Thesis

Chapter-2  Literature Review

2

22

23

2.4

2.5
251
2.5.2
253
254

. Introduction

Why ERP

Evolution towards ERP

The Promise and Pitfalls of ERP

Critical factors for successiul ERP implementation

Data Accuracy
Extensive education and training
Focused performance measures

Multi-site 1ssues

2.6 ERP system selection
2.7 Modular BOM

2.8 Database and inlerface design

Vi

vi

1{

12
12
12
13

14

15
17
19



Chapter-3 Methodology
3.1 Introduchion
32  [nterprise Resource Planming
3.3 Qverview of an ERP svstem
331 Common manufacturing daiabase
332  Production Planning
333  Capacity Planning
334  Material Planning
.}.3_5 Procurement
3.5 Production
3.4 Steps required to perform study
3.5 Working Principle
3.51  Construction of Bill of Material
352  Construction of Modular Bill of Material

353 Database design and interfacing

Chapter-4  Findings and Analysis

4.1 I[ntroduction

42 Overall lindings from the case study
421 Real bill of Material is not available
4272 No process and machine wise workstation
423 Product archilecture modularity is absent
4724 Do not use any scheduling techmigue
425 Inadequate and insuflicient data and drmwing are present
426 Job floor shop has not merl;tioncd real routing
427 Do not meet delivery lead time

43  Analysis
431 Bill of Material

432 Development ol Modular Bill of Materials

ii

3
31
3l
32
32

33
33
33
34
34
35

o

L



Chapter 5 Database design and Interfacing
5.1 Introduction |

3.2 Databasc design for Modular BOM

53  Databasc Interfacing

Chapter 6 Conclusions and recommendations

6.1 Conclusion

6.2 Recommendations for further study

References

Appendix

iii

41
4
14

51
53

55
58



Fig. 3.1
Fig. 3.2
Fig. 33
Fig. 5.1
Fig, 5.2
Fig. 5.3

List of Figures

Simplified Information Flows for ERP
Multi-leve! Biil of Malenal

Multilevel Operation-centric Modular Bill of Material
I’ﬁnduiar BOM database Flowchart

Finish Goods/RM Componet Level

Finish Goods or Finish Components Tablc
Modular Bill of Materials Access Database
Main Interfacing Table

Main Form of Bill of Matenial

Bill of Maienal Search IForm

Finish Gaods Search Value Form

Finish Good Search Result Form

Fimish Good Scarching Report Form

Finish Goods Level Search Form
RM/PM/Comp. Level Search Result Form
RM/PM/Comp. Level Search Report Form
Level Entry Form

Finish Goods Entry Form
EMPM/Component Entry Form

!

i+



Table 1.1
Table 1.2
Table 3.1
Table 4.1
‘Table 4.2
Table 4.3

List of Tables

Business Profile of OTOBI Lid

Department-wise Cost Proftle

Multi-level Indenled BTl ol Material

Product-Module Relationship: Step-1

Product-Module Matrix: Step-2

3D-Filinp Cabinet Multi-ievel Modular Bill of Malerial

29
36
37
38



Acknowledgements

First of all we are very much grateful io almighty Allah. | would like to express deeply
indebted to my supervisor Dr. Abduilahi] Azeem, Assisiant Professor, Depariment of
Industrial and Production Engineering, Bangladesh University of Engineering and
Technology (or his continuous guidance, unfailing encouragement, valuable and

constructive suggestions throughout the progress ol the thesis work.

Pam grateful to express my gratitude to Dr. Abu Sayeed MD. Shumon, Production
Manager, OTOBI Timited, Dhaka for his assistance and advice in preparation and
compilation of the thesis. T am also graleful to Dr. Mahiuddin Ahmed, Professor of
Industrial & Production Engineering Department, and Dr. Nikhil Ranjait Dhar, Professor
and Head of Industrial & Production Engineering Department, Bangladesh University of
Engineering and Technology, Dhaka for their suppori and inspiration to continue the

thesis work,

I also hke to offer his sincere thanks to Mohamimad Muhshin Aziz Khan, M., Sc Engg
Student and Assistant Professor of Industrjal & Production Engineering Department,
Shahjalal University of Science & Technology, Sylhet, Bangladesh, and Engineer Subir
Kumar Das, Production Officer, OTOBI Limited, Dhaka for their sincere cooperation

during the period of thesis preparation.

Finally, a special word of thanks is due to all stafi members of OTOBI Limited for their

helps in conducting the thesis work.

vi

=



Abstract

Enterprise Resource Planning (ERP} is a complete manufacturing planning and contrul
system to make the process elficient and productive in the current competitive market,
ERP system defines the way each product 15 to be built, reahistic game plans and
delivery promises and also provides useful management information for continual
improvement. The capability of the system to adapt changing needs and technologies
determines its acceptability and future seccess of the company. Manufacturing
initiative, combined with today’s ongoing and dramatic IT ianovation, 1s driving the
evolution of Enlemprise Resource Planning (ERP) around the world. In the current
business environment, the entreprencurs in Bangladesh also have realized that they need
to modemize their whole system, As a result, manufacturing industries in Bangladesh
are alse gradually incorporating ERP systern into their respective organizations.
Although the protessional ERP software costs a huge investment, dug to knowledge
himitation about system, most manufacturcrs still fall short of getting the mest return
from their substantial ERP investment. Maximizing ERP system is a continpency-based
cuide to optimize the benefits of an ERP application. It outlines a contingency ERP
systems approach that 1s flexible, understandable, and designed to work jn 2 vanety of
industnes and environments. A fully functional ERP systein can achieve the following
benefits like reduced inventories, reduced order gycle time, increased production
capacitics, Jower total logistics cost, decreased procurement costs and reduced
manulacturing waste,

Bill of Materials {BOM) is onc of the most important factors in a production syslem lor
maximizing the benefits of LRP implemicntation, A manufacluring item reflects
concurrent product and process desigm considerations 1n its bill of materials. BOM also
provides a model of the product design for manufactured components A recent
approach in preparing BOM is to implement modular product architecture, which offers
many advaniages to manufacturers and consumers, Modular architecture can reduce the
number of parts 1n a product, reduce the time to manufacture and assemble the product,
and streamline and simplify the conceplual design and embodiment desipn phases
through the reuse of previous parts or ideas.

In this context, one case study has been conducted in one of the leading furniture
manufacturing company name Otobi limited. Otobi limited is 3 world class Metal,
Lamination board and Plastics fumiture and accessories manufacturer. This organization
is trying to implement and maximizing application of the ERP system in their
organization. The study has been conducted in Metal depariment to prepare Modular
BOM and to interface the database with ERP system in Otobi limited. This study will
investigate the stalus of the hill of matenal of Metal Furniture depariment of Otobi
Limited and customize the BOM to incorporate it into ERP system ta achieve maximiun
benefrt.

il



CHAPTER 1

INTRODUCTION

LT INTRODUCTION

The manufactunng environment today i1s dynamic and changes continuously, The
dynamic behavior creates a demand for dynamic behavior of the plaoning
environment as well, The whole organizational planning and scheduling 1s significant
factor for a large manufacturing company’s outcome. Today planning and scheduling
are done in several different ways. Manual planning and scheduling, whether it is
done with pen and paper or with tools ke Micresoft Lixcel, Microsoft Access or
Micresofi Projeet, is siill common even n larger modern companies, Sometimes it
works well but il tends to be time consuming and create ils own bottlenecks. One éra
few persons possess the knowledpe of the facility and these persens absence can be
devastating to the daily operation. The need for a fast and flexible manufacturing
process i industry today has increased the need for a more accurate planning of the
manufaclunng resources. Now a day, the operational planning has been done with
the help of Planning and scheduling tools are today available in most Enlerprise
Resource Planning (ERP} systems and give a helping hand to the production
pianners. That’s why OTOBI limited has been implementing customzed URP
software in their organization, which is one of the [cading furmiture manufacturing

company in Bangladesh.
1.2 BACKGROUND

Cnterprise Resource Planning (CRP) is o complete manufacturing planning and
control system to make the process efficient and productive in the current
competitive market. ERP system defines the way each product 15 to be built, realistic

game plans and delivery promises and also provides useful management information



for continual improvement {1]. The capability of the system to adapt changing needs
and technologias determines its acceptability and future success of the company.
Manufacturing  initiative, combined with today’s ongeing and dramatic IT
innovation, is driving the cvolution of Enterprise Resource Planning (ERP) around
the world In the current business environment, the entrepreneurs in Bangladesh also
have realized that they need to modemize their whole system. As a result,
manufacturing industries in Bangladesh are also gradually incorporating ERT' system
mto their respective organizations, Although the professional ERP sofiware costs a
huge investment, due to knowledge timitation about system, most manufacturers still
latl shor of getting the mosl return from their substantial ERP investment,
Maximizing ERP system is a contingency-based puide to optimize the benefits of an
ERP application. It outhnes a contingency ERP systems apprﬁach that 1s flexible,
understandable, and designed to work in a variety of industries and environments [1].
A fully functional ERP system can achieve the following benelits, like reduced
inventories, reduced order cycle time, increased production capacities, lower total

logristics cost, decreased procurement costs'and reduced manulacturing wasie [1,2].

Bill of Materials (BOM) is one of the most imporant factors in & production system
for maximizing the benefits of ERP implementation, A manufacturing ilem reflects
concurrent product and process design considerations in its bill of matenals. BOM
also provides a model of the product design for manufactured components [3] A
recent approach in prepanng BOM 15 to implement modular product architecture,
which offers many advantages to manufacturers and consumers. Modular
architecture can reduce the number of parls in a product, reduce the lime 1o
manufacture and assemble the product, and streamline and simplify the conceplual
design and embodiment design phases throuph the reuse of provious parts or idsas

[4].



Table 1.1 Business Prolile of OTOR] Ltd

Product Types of Products Category-wise
Calegory Annual Sales
in percentage
Metal a) Different types of Almira
products by Dilferent types of Filing Cabinet
¢} Chair, Sofa 33
d) Heavy Duty Rack Ete.
Laminated | a) Dhfferent iypes of Almira
products h) Different types of Cabinet 53
| c) Office workstation ¢tc.
| Others Special projects 10

incorporate it inte ERP system to achieve maximum bepefit.

In this context, one case study has been conducted in one of the leading furniture
manufacturing company name Otobi limited. Tt is a world class Mctal, Lamination
board and Plastics furniture and accessories manufacturer. Business profile and
Depanment-wise Cost profile of the organtzation are shown in the table 1.1 and table
1.2 respectively. This orpanization 15 tryimg to implement and maxumizing
application of the ERP sysfem in thetr organization. The study has been conducied
Metal depaniment to prepare Modular BOM and to imterface the database with ERP
system tn Otobl limuted. This study wall mvestigate the status of the bill of materal

of Metal Furniture depariment of Otobi Limited and customize the BOM to

Table 1.2 Department-wise Cost Profile

Depariments | Types of Raw Materials Used | Pereentage of
Total Cost
Metal ay Mild Steel
Drepartment | bY Stainless Steel
¢} Chemicals 63
d) Paints et
Lamnation a} Particle loard
Department | b)) Melamine Board a5
c} Formica etc
Others 1)




L3 JUSTIFICATION

As the business world moves ever closer (0 a completely collaberative model and
competitors upgrade their capabilities, 1o remain competitive, organtzations must
improve their own busingss practices and procedures. Companies must also
increasingly share with their suppliers, distributors, and customers the critical in-
house inlormation they once aggressively protected. And [(unctions within the
company must upgrade thetr capability to generale and communicaie limely and
accurate information. To accomplish these objectives, compamies are increasingly

turning to enterprise resource planmng {ERP) systems.

The expected return o investment providgs the cost justification and motivation for
investing in ERP. There are quantifiable benehfits as well as intanpible benelits in the
ERP nvestment dectsion. The guantifiable benefits have a bottom-line impact on
profitability and asset tumover and a polential effect on stock tum. The quantifiable
beneflits in terms of severnl areas of improvement in jusiihicaton ol implement ERP.
The most signilicani quanhifiable beneflits involve Teductions in inventory and in
material, labor, and overhead costs, as well as improvements in customers’ service
and sales The intangibte benefils ol an integrated ERP system can be viewed [rom
several perspectives. The major benefits focus on production and material

management, product and process desiym, accounting, sales, and MIS functions [1,2].

In general, production planming includes activities such as material requircment
planning (MRP), available-to-promise {ATP) and capable-to-promise {(CTP} and so
on. They can provide planners and managers with the production management and
control information. Each of them has a sophisticated computation alporithm and
requires  huge amount of information on inventory, product structure,
customer/supplier orders, order policy, and product priority, ete. Thus, there is 2 need
for the company ic formulate and automate this process so as 1o facilitate decision-
making in a timely, accurate and elficient manner, Some commercially available
Enterprise Resource Planning (ERP) systems can possibly help the company

performing such decision-making. For example, major vendors of ERP systems, such




as SAP, PeopleSoft. Baan, QOracle and J.D. Edwards, currently delivered saveral
dominant ERP systems that are capable of undenaking production planming and
manapement. However, they are fundamentally built on clienl/server architecture and
are generally centralized decision-making and information systems. But each of
those ERP systems rcquires hupge amount of investment that a lecal company is
hardly able to bear.

The intangible benefit of a customized inteprated ERP system one mayor and eritical
lacor is product design and proguction management Medular BOM is one of the
very important lactors of product design and production manzpgement for matertal
planning and scheduling. Product desigh and production management of ERP
systems helps establish realistic schedules for production and communicate
consistent prionties so that the most imporant job to work on at all times. Visibility
of future requirements helps production prepare for capacity problems, and also
helps suppliers anticipate and meet needs. As Changes te demands ot suppliers do
accur, 1t helps identify the mmpact on production and purchasing Modular BOM
offers many advaniages to manufacturcs and consumers. Modular BOM can
climinates the number of parts in a product, reduce time to production and delivery
lead time etc. It helps climinatle many crisis situations, so people have more tme lor
planning and quality [1]. Morcover, from the overall company standpoint, ERP
provides a framework for working effectively topether and devising @ consistent plan

for action.

Keeping all these in mind, this study was conducted in a local fumiture

manufactunng company named OTOBI Limited, where they wants to implement the

custormze ERP software

1.4 OBJECTIVES

The main ebjeclives of the present work are:
s To study the existing BOM and collect related data and information.

s To analyze the collected BOM, daia and mformation.




+ To prepare database for modular BOM that can be merfaced into LRP

system.

1.5 ORGANIZATION OF THE THESIS

/
Second chapter of this thesis paper presents literature review of the thesis containing
necessary relevant information and a review of few research work previously done
on ERP systern, Chapter three represents the methodolopy data collection and steps
required to perform the study The fourth chapter presents the Findings and analysis
of Modular BOM Chapter five contains the database desipn and interacing the
modular BOM database with customized ERP syét—em. Chapter six presenis the

conclusions ol the thesis and recommendations for the future work,



CHAPTER 2

LITERATURE REVIEW

f

2.1 INTRODUCTION

This chapter presents the relevant information and explanation of the ERFP system,
Modylar BOM, database design and interface related literature review from different

reference books and journals.

2.2 WHY ERP

The business environment is dramatically changing. Companies today face the
challenge of increasing competition, expanding markets, and rising customer
expectations. This increases the pressure on companies to lower total costs in the
entire supply chain, shoren throughput times, drastically reduce inventones, expand
product choice, provide more reliable delivery dates and better customer service,

improve quality, and efficienily coordinate global demand, supply, and production

[5].

As the business world moves ever closer to a completely collaborative model and
competitors upgrade their capabilitigs, 10 remain competitive, organizations must
improve their own business practices and procedures. Companies must also
increasingly share with their suppliers, distributors, and customers the ¢ritical in-
house information they once aggressively protected. And functions within the
company must upgrade their capability to generate and communicate timely and
accurate information. To accomplish these objectives, companies are increasingly

turning to enterprise resource planning (ERP) systems.



ERP provides two major benefits that do not exist in non-integrated departmental
systems: (1} a unified enterprise view of the business that encompasses all functions
and depariments; and (2) an enterprise database where all business transactions are
entered, recorded, processed, monitored, and reported. This unified view increases
the requirement for, and the extent of, interdeparimental cooperation and
coordination, But it gnables companies to achieve their objectives of increased

communication and responsiveness to all stakeholders.
23 EVOLUTION TOWARDS ERP

The focus of manufactunng systcms in the 1960°s was on inventory control.
Companies could afford to keep lots of **just-in-case’ inventory on hand to satisfy
customer demand and still stay competitive. Consequently, techniques of the day
focused on the maost elflicient way to manage large volumes of inventory. Most
soltware packages (usually custorized) were designed to handle inventory based on

traditional inventory concepts [5,6].

In the 197075, it became 1ncreasingly clear that companies could no longer afford the
luxury of maintaining large quantities of inventory, This led to the introduction of
material Tequirements planning (MRP} systems. MRP represented a huge step
forward in the matenals planning process. For the first time, using a2 master
production schedule, supported by bill of material les that identified the specific
materials needed to produce each finished item, a computer could be used to
calculate gross material requirements. Using accurate inventory record les, the
available quantity of on-hand or scheduled-to-arrive materials could then be used to
determine net material requirements. This then prompted an activity such as placing
an order, canceling an existing order, or modifying the timing of existing orders. For
the first time in manufacturing, there was a formal mechanism for keeping priorities
valid in a changing manufacturing environment. The ability of the planning system to
systematically and efTiciently schedule all parts was a tremendous step forward for

productivity and quality [5.6,7].
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Yet, in manufacturing, production priorities and materials planning are only part of
the problem. Capacity planning represemts an equal chailenge. In response,
techniques for capacity planning were added to the basic MRP system capabilities.
Tools were developed to suppori the planning of agpregate sales and production
levels (sales and operations planning}, the development of the specilic bwld schedule
(master production scheduling), forecasting, sales planning and customer order
promising {demand macagement), and high-level resource amalysis (rough-cut
capacity planning). Scheduling techniques for the factory floor and suppher
scheduling were incorporated into the MRT systems. When this occurred, users
began to consider their systems as company-wide systems. These developments

resulted in the next evolutionary stage that became known as closed loop MRP [7].

In the 1980°s, companies began to take advantage of the increased power and
afTordability of available technology and were able to couple the movement of
inventory with the coincident fingncial activily, Manufacturing resources planning
(MRE !} systems evolved to incorporate the financial accouniing sysiem and the
financial management system along with the manufaciuring and matenals
management systems. This allowed companies to have 1 more integrated business
system that derived the material and capacity requirements associated with a desired
operations plan, allowed input of detailed activities, translated all this 1o a [nancial
statement, and sugpgested a course of actioh to address those items that were not in

balance with the desired plan [6].

By the early 1990°s, continuing improvements in technology allowed MRP 11 to be
expanded to incorporate all resource planning for the entire enterprise. Areas such as
product design, information warchousing, materials planning, capacity planning,
communication systems, human resources, [inance, and project management could
new be included in the plan Hence, the term, ERP was coined. And ERP can be used
not enly in manufactuning compantes, but in any cempany that wants to enhance

competitiveness by most efTectively using all its assets, including information [5,6].



2.4 THE PROMISE AND PITFALLS OF ERP

Enterprise systems appear to be 2 dream comes true. The commercially available
software packages promise seamless integration of all informaton flows in the
company Nnancial and accounting information, human resource information, supply
chain information, and customer information, For managers who have struggled, at
great expense and with great frustration, with incompatible information systems and
inconsistent operating practices, the promise of a quasi *“of-the-shell™” solution to the

problem of business intepration is enticing.

It is no surprise that business orpanizations have been beating paths to the doors of
enlerprise system developers. A successful ERI® project can cut the fat out of
eperating costs, penerate more accurate demand forecasts, speed production cycles,
and preatly enhance customer service—all of which can save e company millions of
dollars over the long tun. AL Toro Co., ERP, coupled with new warehousing and
distnbulion methods, resulicd in annual savings of $10 million due to inventory
reduction. Owens Corming claims ERP software helped it save %50 million in
logistics, materials management, and sourcing. ERP also resulted in a reduction in
inventory because material-management planners had access to more accurate data—
such as how much inventory was already jn the pipeline-—and could do a better job
forecasting future demand [8] ERP systems reportedly also lead to improved cash
management, reduction n personmel requirements, and a reduction in overall
information technelogy costs by eliminating redundant information and computer

systems [8].

In 1997, 510 billion was spent to purchase ERP systems [9]. That figure increases
significantly when the associated consultant expenditures are included. A 1999
APICS survey indicated that one fourth of members considered or planned to
purchase a new ERP system or upgrade their old ERP system in the vear 2000. That
number jumped te 34.5% among companics with annual revenues of $1 billion or
more. Boston-based AMR Research predicted that the ERP market would grow at an
annual rete of 32% through 2003. AMR concluded that the impetus for this

10



skyrocketing demand would be manufacturers’ desire to establish better control over
their supply chains [10] Clearly, the economic slowdown experienced through 2001
dampened this projecied demand. However, as the economy recovers, the demand

for ERP systemns should again dramatically increase.

Surprisingly, given the Jevel of investment and length of ime needed to implement
ERP systems, many companies have proceeded to implement ERP without making
any return on investment (ROI} calculations. Bul, most companies seem to have had
pood reasons for doing so—some wanted to integrate diverse busmess unils, others
wanted to consolidate redundant proprietary information systems, and many
implemented ERP systems to solve their year 2000 problems. But the price of
secuning the benefits of ERP may be high. Not only do ERT* systems take a lot of
time and money to implement, they can disrupt a company’s culture, create extensive
training requirements, and even lead to prodnetivity dips and mishandled customer
orders that, at least in the short term, can damage the bottom line [8]. Moreover,
according to Standish Group research, 90% of ERP implementations end up late or

over budget.

Although it has becn cstimaied that the payback period for an ERP system Lypically
ranpes from one to three vears [10], the evidence is mixed. Meta Group recently
surveyed 63 companies-— ranging in size from $12 million to $43 billion in
corporate revenue-—to quantify the payback firms realized from their ERP
investments. The data indicated that the average implementation cost $10.6 million
and took 23 months to complete. In addition, an average of $2.1 million was spent on
maintenance over a two-year period. Ultimately, their research indicated that

companies showed an average ROT loss of $1.5 million over a six-year period [§].

11



2.5 CRITICAL FACTORS FOR SUCCESSFUL ERP IMPLEMENTATION

[Implementing an ERD system is not an inexpensive or risk-free venture. In fact, 65%
of executives believe that ERD systems have at least a moderate chance of hurting
their businesses because of the potential for implementation problems [11]. !t is
therefore worthwhile to examine the factors that, to a great extent, determine whether
the implementation will be successful. Numerous authors have identified a variety of
factors that can be considerad to be eritical to the success of an ERT implementation,

The most prominent ot these related (o this study are deseribed below.

2.5,1 Data accuracy

Data accuracy is absolutely required for an ERP system to function properly.
Because of the integrated nature of ERP] if somcone enters the wrong data, the
mistake can have a negabve domino effect throughout the entire enterprise.
Therefore, educating users on the importance of data accuracy and correct data entry

procedures should be a lop prority in an ERP implementation {§].

ERP systems aiso require that everyone in the organization must work within the
system, not around it. Employees must be convinced that the company is commited
to using the new system, will totally changcover to the new system, and will not
allow continued use of the old system. To reinforce this commitment, zall old and
informal systems must be eliminated. If the organization continues to run paralle!

systems, some emplovees will continue using the old systems.

1.5.2 Extensive education and training

Education/training is probably the most widely recognized critical success factor,
because user understanding and buy-in is essential. ERP implementation requires a

entical mass of knowledpe to enable people to solve problems within the framework

of the system. If the employees do not understand how a system works, they wall

12



invent their own processes using those parls of the sysiem they are able to

manipulate {6,12]

The full benefits of ERP cannot be realized until end users are using the new system
properly. To make end user training successful, the training should stanl early,
preferably well before the implementation begins. Executives often dramatically
underestimate the level of education and training necessary to implement an ER]
systern as well as the associated costs. Top management must be fully commilled to
spend adequate money on education and end user training and ingorporate it as parl
of the ERP budget. [t has been suggested that reserving 10-15% of the total ERP
implementation budpet for traiming will give an organization an 80% chance of
implementation success [13].
)

All too often, emplovees are expected to be able to elMectively use the new system
based only on education and training. Yet, much of the learning process comes from
hands-on use under normal operating conditions. Thus, a designated individual
(preferably the project leader) should maintain onpoing contact with all systemn users
and monitor the use of, and problems with, the new system. There is also a need for
post-implementation training. Periodic meetings of systemn uscrs can help identify
problems with the system and encourage the exchange ol information gained thr;:-ugh

expenence and increasing familianty with the system [14].
2.5.3 Focused performance measures

Performance measures that assess the impact of the new system must be carefully
constructed Of course, the measures should indicate how the system is performing.
But the measures must also be designed so as to encourape the desired behaviors by
all functions and individuals, Such measures might include on-time deliveries, pross

profil margin, customer order-to-ship time, inventory tums, vendor performance, etc.

Project evaluation measures must be included from the beginning, If system

nuplemeutation is not tied to compensation, it will not be successful. For example, if

13



alt managers will get their raises and bonuses next year even if the system is not
implemented, successful implementation is less likely. Management, vendors, the
imp}ementalien team, and the nsers must share a clear understanding of the goal. [f
someone 15 unable to achieve agwecd-nponlobjectives, they should either receive the
needed assistance or be replaced. When teams reach their assipned poals, rewards
should be presented in a very visible way. The preject must be closely monitored
nntil the implementation is completed. The system must be forever monitared and

measnred [19].

Management and other employees often assume that performance will begin to
improve as soon as the ERP system becomes operaticnal. Instead, because the new
systemn is complex and difficult to mast::ri orgamzations must be prepared for the
possibility of an imtial decline in productivily, As familiarity with the new system
imereases, improvemeitts will occur Thus, realistic expectations about performance

and time frames must be clearly communicatad [7,15].
1.5.4 Multi-site issucs

Multi-site implementations present special concerns. The manner in which these
concerns are addressed may play a large role in the ultimate success of the ERP
impicmentation. The desired degree of individual site autonomy may be a critical
issue, which depends on two factors: (1) the degree of process and product
consistency across the remote sites, and (2) the need or desire for centralized contro!
over information, sysiem setup, and usage. One of the objectives of an [CRP
implementation may be (o increase the dJegree of central control through the
implementation of standardized processes Alternatively, the implementation may be -
undertaken in order to provide the remote sites with capabihities that allow them to

fine tune their processes to their unigue situaticns
Another complexity in dealing with multi-site implementations 15 the degree to

which the culture of the organization differs between sites The fundamental issue

here 15 one of corporate standardization versus local optimzation Corporate
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standardization brings with it simplified interfaces among diverse parts of the
organization, ability to move people and products between sites with minimal
disruption, and relative ease in consolidating data across the entire organization. On
the other hand, local optimization may result in more effective and efTicient

operation and may reduce costs.

Perhaps the most dilficult decision to be made in a multi-site implementation is the
question of ¢ntover strategy. The organization must choose between an approach
where the implementation takes place simultaneously in alt lacilities or a phased
approach by module, by product line, or by plant with a pilot implementation at one
facility. With a large outlay of cash up frc;nt for sollware, hardware, and (he project
team, the company may want a simnltaneous implementation in order to recoup 1ts

investment as quickly as possible.

In a multi-site implementation, a phased approach is generally considered to be
preferable. This is partly because the success or failure experienced in the first
atlempt at implementation often decides the fate of the entire project. Thus, the
management team can gain momentum by selecting a pilot site that has a high
likelihood of success. And if ERP 1s installed in a phased approach— module-by-
module, department-by-depariment, or plant-by-plant—the lessons learned at If:arly

sites can make the implementations at [ater sites go smoother [16].

2.6 ERP SYSTEM SELECTION

An estimated 50-73% of US 0Nrms experience some depree of failure in -
implementing advanced manufacturing technolegy [17] Since an ERP gystem, by its
very nature, will timpose its own logic on a company’s siralegy, organization, and
culture, it 1s imperative that the ERP selection decision be conducted with great care,
The greatest enterprise system implementation failures seem to occur when the new
technology’s capabilities and nceds are mismatched with the organization’s existing

business processes and procedures.
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Most enterprises ¢an expect to change or sipnilicantly upgrade their computer
information syslems at Jeast every five to seven years. With the rapid development of
new technolegy, the expansion of features and capabilities, and the prolileration of
soflware vendors, there are numerous options for ERT systems. While most ERP
packages have similanties, they also have substantial differences. Most ERP
soflware vendors make assumptions about management philosophy and business
practices. Thus, buying an enterprise epplication/ ERP suite means much more than
purchasing software—it means buying into the soltware vendor’ view of best practices
for many of the company’s prnccslses A dompany that implements ERP must, for the
most part, accept the vendor’s assumptions about the company and change existing
processes and procedures to conform to them. Therefore, each organization shouid
try to select and implement a system that underscores its unigque competitive
strengths, while helping to overcome competitive weaknesses [6,15,18]. The ultimate

goal should be to improve the business, not to implement soflware.

When ERF systems are carefully examined, 80-90% of a parucular system will be
the same across different implementations, but 10-20% will be different and tailored
to the specific needs of the enterprise [19]. Therefore, the company must identify its
critical business needs and the desited features and characterstics of the selected
system. Two distinct methods can be used for system selection. One method is to
implement some overall business strategy by focusing on the information technology
infrastructure. Some companies, especially large ones, may derive their greatest
benefit through the centralization of data and increased control. The other method is
to determine the padticular features that are required to run a specific business. So
some companies, especially small and medium ones, may opt for software that
closely matches the spectfic functions and processes of their business to more easily

manage the business, increase efficiency of operations, and reduce costs [6,14].

ERP packages arc primarily proprietary syslems as opposed to open system
architectures. This can hmit the fAexibility of the enterprise that adopts a particular

ERFP package. Approaches to process desipn depend on the enterprise software

sclected. Smandardized processes such as SAP R/3 and PeopleSoft require the
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adopting [irm to adapi its processes to the requirements of the sofiware. SQL and
Oracle are more accommadating and allow firms to tailor the software to existing
processes. [n addilion, companies with the necessary expertise can develop their own
systems for integration. Developing in-house software can offer the freedom to find
creative solutions to integration problems. For example, in 1996, Dell Computer
Corporation initially planned to roll out SAP’s full R/3 suite, but it balked because
Dell executives did not believe that the package could kegp up with Dell’s
extraordinary corporate growth. Instead thé company designed a flexible architecture
to allow the company to add or subtract applications quickly and selects software

fmom a variety of vendors [20].

The imporance of the aciuzl software selection process must not be underestimated.
The current literature includes some recommended steps and sugpestions for the
selection process {7,15,21]. Based on the available sources and experiences, the
authors [22] recommend the following thirteen-step selection process: Create the
vision, Create a feature/function hst, Create u sofiware candidate list, Namrow the
field to four to six senous candidates, Create the request for proposal {RFP), Review
the proposais. Consider strengths, Sefect two or three finalists, Have the linalists
demonstrate their packages, Scleet the winner, Justily the investment, Negotiate the

contract, Run a pre-implementation pilot and Validate the justilication.

1.7 MODULAR BOM

The development of a framework o collect, classify and share information on
products and their components, has been discussed by Pahng et al, [23]. In their
work, they have delineated a framework for Oiyect-based Modeling and Fvatuation
{OMF) of proaduct design problems. Otto and Wood {24] have proposed a 10-step
reverse engineering and redesign methodology for improving design ol existing
products. Marshal et al. [25] have discussed the benefits of design modularization.
Their emphasis ts that varicty can be oflfered efficiently through a standard set of
modules, and the reuse of related modules. Ulrich [26] has defined product

archilecture as the mapping from function to form. Huang and Kusizk [27] have also

I
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discussed types of modularity. Two main categeries of product architectures are

identilied, namely, integral and modular,

Meyer and Lehnerd [28] define a product platform as a set of parts, sub-systems,
interfaces and manufactunng processes that are shared among a set of products, thus
allowing the development of derivative p}mducts with cost and time savings. The
development of product platforms with extensive information on the part sets,
subsystems, intertfaces, and the manufacturing process is assumed to benelfit
companies. The producl plaiform approach is a major step towards meeting
inexpensive product variants, mass customization, shrinking of design cycle, and a
medium (or information sharing by engineers and designers. Though product
platforms offer many advantages, as products become more complex, product
platforms become more complex. The design and embodiment information

associated with the product platform becomes both large and complex. .

The develepment of product platforms 15 discussed by Otto et al. {29] Specific
applications to inlerplanetary mussions and consumer products are explored.
Repardless of the application, extending tools for modular product design and
product platform design remains a critical design need. Frameworks are needed that
allow designers to reason about varicus modules, interfaces, interaction information

and embodiment information.

Modularity is vicwed by Ulrich and Tung [30] as, {i} similarity between the physical
and the functional architecture, and (11), mintimization of incidental interactions
between physical components. McAdams ¢t al [31] have described analytical
methods to study percentage cccurrence of function chains in products and their
interactions. Sets of sub-functions that arc grouped based on a logic patiern are called
as modules. Stone et al. [32] have formulated a set of heuristics to group functions to
form a module. These modules in effect are a collection of related sub-functions that
perform one of the many tasks accomplished by the final product. We will use the

heuristics here to identify modules from functional models

!
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Kayyalethekkal [33] has performed experimental studies on part count reduction in
products and developed & product architecture based conceptual design for assembly
technique. Tn ihis work, the author recommends a heunistic that if the number of
functional modules recognized by Stone’s heuristics 1s less than the number of
assembly module identified by disassembi_rv, then part count reduction s possible by

reducing the number of elements that take part in modutar interaction.

Finally, we end this literature review with a discussion on some recent and perlinent
work on modular products. Otto et al. [4], have formulated a framework for
architecting a family of products that share tnter-chanpeable modules. They deline a
modularity mateix for one family of products from a manufacturer. This matrix lists
the sub-functions as rows and products as columns. The matrix allows commonalties
to be easily wdentified. The interchangeability and reusabihity of rnociul::s for one of

the products from one manufacturer has been investigated.
2.8 DATABASE AND INTERFACE DESIGN

Database is a very impordant facior in an ERP system. In market there are lots of
database sofiware are available such as Microsoft Access, Oracle, SQL server,
Sybase, DBR2, ODRC efc. [34 ].

Microsoll Access database provides the uscrs with such benefits as easy to use and
user friendly, individual report buildup, manval data entry and accuracy justification,
provision of manual operation if sysiem fails, easy to leamn and trained, more data
display provision on one screen i.e, a consisienl, user-friendly design and availability
[3531. From aforementioned points of view, studied organization advised to prepare
the Modular BOM database in Microsofi Access or Microsoll Excel. In this context,

Modular BOM database are prepared in Microsoll Access.
Database interfacing or connectivity is major issue of dynamic online ERP soljware.

The database connector files contain the, necessary information to connect to the

appropnate data source. An interesting feature of Customized ERP sofiware is its
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export/ imporl modute, This allows users to interface the database by using various
interfacing soliware {manually} or automatically dalabase can impon or export form
any reliable database, and is especially beneficial for interlace connectivily 1ssues,
The data from distributed databases is uploaded automatically using a dial up
connection {every 3 to 4 hours) to an FTP site and downloaded at the head office.
There are lots of interfacing soflware are available in market such as Microsoft
Visual Basie, Microsoll SQL Server, Microsoft C+ +, Oracle etc [36].

Form design in Microsofl Visual Basic and user interface design in general are .
important components of all interactive database management systems, Microsofl
visual developers have a nearly infinite combination of fonts, colors and layouts from
which to choose. It is important to choose a combination of characteristics, which
will provide a simple and pleasant interface to the data for the user. Here are a few
recommendations tor Microsoft Visual Basic developers who want to make user-
friendly dawabase imterfaces [35, 36] such as coding and debugging enhancements,
10 customizaton  and  help  svstem,  enfancements:  buldmg  duta-centric
appliications, casy iterfucing technigue and wser friendly programming technigue.
That 1s why, Microsoft Visual Basic 6.0 has been used to interace Modular BOM
database.

Based on the literature review, this research work has been setup in Modular Bill of
Materials items; it is one of the main entities of material requirement planning, which
i$ very imperant scctions of ERP system and one case study have been conducted.
The construction of the research work and the methodology of data collection and

analysis have been presented in the foliowing chapter.
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CHAPTER 3

;
METHODOLOGY

3.1 INTRODUCTION

The case study research has been carmried out in the selected Metal depantments of
OTOBI Limited situated in Dhaka, Bangladesh in 2005. From the thesis work,
overall product architecture scenario of the studied organization’s Metal depariment
has been identilied that are analysis and prepared Modular BOM database and
interfacing with customized ERP sofiware. This chapter presents the methodology of

prepared database and interfacing steps required to pecform the case study.
3.2 ENTERPRISE RESOURCE PLANNING

The term "ERP" stands for Enterprise Resource Planning ERPs are popularly
considered to be modem, integrative, technology-based solutions that permit
organizations to replace [37]:

»  Disparate, legacy applications and stove-piped data; and

. The Associated organizational inefficiencies that arise from the use of the

disparate data and apphications.

As legacy systems were not typically designed to easily share information with other
systems. It leads to confusing situations where the organization doesn't know the
answer o questions such as how many cnstomers it has! Each disparate legacy
application/data combination typically supports an individual lunctional-area such asg
linance, ordering, or logistics, etc Ounly recently have organizations become aware of
that the magnitude of these disintegration costs — ranging from 20-40% of
organizational [T budgets. When considering enterprise resource planning as a
potential solution to specilic organizational challenges, major considerations include
37
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. Understanding ERP's complex MRP Il origins;
. ERP capabililies;
¢+  Five ERP implementation challenges as —

(a) Inaccurate ERP expectations,

(b) Customization challenges,

{c) Long payback pernods; and

{d} Data quality costs;

(e} "Hidden" implementation costs

. ERP metadata value in supporl for ERP implementation,
3.3 OVERVYIEW OF AN ERP SYSTEM

The basic architecture of an ERP system consists of 12 business functions utilizing a
common manufacturing database, as shown in Fig. 3.1 [1]. This top-down model
shows how aggregate plans (the business, sales, and production plans) drive the
detailed plans for coordinating supply chain activities. The accounting function
tracks the financial implications of supply chain activities. The common database

master files and the functions related to bil! of material are described brielly here:

i
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Fig. 3.1: Simplified Information Flows for ERP
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3.3,1 Common Manufacturing Database:

Each business function builds on the foundations of common manufacturing
database. The heart of the common database consists of several master files about
customers, vendors, products, inventory, locations, and general ledger accounts,

since it models many aspects of the manufacturing enterprise.

Product dara about standard products consists pf master files about items, bills of
material, resources, and routings. The item master identilies every standard product,
and raw materials to saleable end items. Bills of Material reflect the product desipn.
Bills information gets used for product costing, matenial planning, material usape
reporting, lot tracking, and stages of manufacturing. Planning bills can be used for

forecasting and production planning of standard product (Make to Stock) [1,2].

Product data about custom products consists of configurations and planning bills. A
custom product conliguration is normally defined in the context of a quotation or
sales order. It defines a one-nme bill of material and routing that pets used for
costing and pricing and the other purpose cited above {such as material and capacity
planning, scheduling, and so forth. Planning bills can be used for 1“«}rer.:a:';tiné,r and
production planning of custom products components, as well as option selection to
creale a configuration [3].

f

3.3.2 Production planning:

Production planning provides 3 game plan for each product that coordinates supply
chain activities to meet demands The approach to formulated each pame plan to
contingent on the type of product and production st}ateg}f, and the nature of supply
orders fro make-to-order prodncts. Production planning formulates realistic game
plans based on analyzing constraints identified by capaciry and matenal planming
{from bills of Matenal.}. Infinite capacity planmng 1dentifies potential overloaded

periods requining adjustments to capacity or loads Materials plauning identifies
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potential shortages requiring expediting. Finite scheduling {accounting for capacity
and malerial constraints) may be used to identify potentially late or impossible
delivengs to meei demands. A production plan may be used to represent apgrepate
available capacity, such as a dedicated manufacturing cell produeing all items within

a product family [1,2,3].
3.3.3 Capacity planning

Capacity planming can be used to support sales and operations planning {to make
plans realistic) and production scheduling. Infinite capacity planning uses proposed
schedules {(extended by routing information} to calculate loads and 1dentify potential
overloaded periods for each resource, [n overloaded situation, the courses of action
include increasing available capacity 9 by overtime, additional equipment and
personnel, and other measures) or reducimy loads (by rescheduling, altermate
operations, and other measures). Finite capacity planning, also termed finite
scheduling, treats the available capacity as given constraint to identify late and

unscheduled orders
3.3.4 Material planning

Material Planning is based on the master schedule and (inal assembly schedules for
each game plan. It calculetes malerial requirements based on the bills of matenal,
and suggests chanpe to existing supply orders or new planned supply orders
(reflecting tern planning parameters). [t communicates recommended actions to
planners and buyers, and provides the basis fer production and vendor (for kanbans),

to synchromze supplies to meet demands [1,3].
3.3.5 Procurement
Procurement nvolves identifving and qualifying vendors, as well as negotiating

agreements, Procurement may start with requests of quotes. Procurement also

involves daily coordination of external suppliers, through purchase orders and vendor
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schedules, to align supplies with demand. Procurement activities involve dillerent
types of purchase, from normal and subcontracled standard products to outside
operations and those related to custom product configurations. Receiving activities
encompasses purchase orders receipts and other type of receipts. Receipt transactions
provide the basis for measuring vendor performance (in items of delivery, quality, -
and price), and automatically building a buy-card histery, Daily coordination can be

sccomplished through visible replenishment techniques such as Kanbans {1].

ERP incorporates a complete Procurement Manapement system. This module -
monitors the procurcment of goods from Vendors, nght from the requisition stage.

The information Mow is as follows [38]:

. Material Requisition
. Enguiry to Suppliers
. Quotations from Suppliers / Blanket Purchase Orders / Rate Contracts

. Purchase Orders

. Purchase Ornder Amendiments

!

3.3.6 Production

Production and production activity contrel daily coordination ol intermal resources
thtough a production schedule and manufaﬁturingl orders 1o align supplies with
demands. Production activities mvolve different type of manufacturing orders, from
normal orders {with indirect linkage) to custom product and linal assembly orders
{with direct linkage to sales order). These al} the orders like productien or work order
etc. are processing through Manufacturing Resource Planning (MRPII). The work
orders processing & manufacturing medule is integrated with the Purchase,
Inventory and Sales Management modules. This is a Bill of material based module,
which caters to the manufacturing operation requirements of an organization, This
module aids in creation of Bill of Materials, material requirements planning, [ssues

to preduction / work order on the basis of bill of matenals [3, 38]
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A manufacturing order defines the quantity and dates for producing an item. On a
order, the order-dependent bhill and routing may be modified to reflect material
substitution or alternate operations. Material resources usage and labor and resource
expenditures and reported apainst the manufacturing orders. Reporling actual
material and resource consumptlion provides the basis [ro measuring propress,
efficiencies, and actual costs. Actuzl costs can be compared 1o standard costs for
¢aleulating variances for standard product or for calculating profitability on a custom
product configuration. A production schedule (or dispatch list) coordinates
operations performed at cach resource, and identifies the parent item and order, A
router or traveler {of detailed process instructions for each operation) can also serve
as coordination tool, especially in custom product environments. Quality
manapement considerations related to production are frequently expressed in factors
for item yield, component scrap percentages, or operation yield percentages and may
also mandate lot-trace and senal-trace requirements, as well as receivinp inspection
requirement.

!

3.4 STEPS REQUIRED TO PERFORM THE STUDY

BOM for different types of metal furniture will be prepared using Microsolt Access.
This chart for BOM will then be interfaced with the customized CRP sofiware using
Microsofi Visual Basic. The peneralized dalabase about bill information will be used
for prodnect costing, matenal planning, material usage reporting, ot tracking,

analyzing variances and tracking progress through stages of manufacturing,

The steps to achieve the above objectives are:

Step -1: Collecting data from both primary (documented) and secondary sources

First of all a primary survey was conducted in metal department in order to have a
clear conception about the product architecture as well as collecting existing products
Bills of Matenals from beth primary sources {documented sources} and secondary

sources (job floor shop, section in-charge,
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Step —2: Using modulor product architecture concept to prepure BOM: The primary
and secendary sources data was formulated by Modular architecture concept. Before
finalizing the modular BOM, necessary modification was made considering reducing
the number of parts in a product, simplify the product design through reuse or same
components are use in different products and also reduce W time to manufacture and

assemble products,

Step — 3: Analyzing data using hierarchicol technigues: At this stapge, the data that
have already been obtained by primary sources, secondary sources and ohservation
were processed in the order of Modular BOM level-wise, which are hierarchical
techniques. For this hierarchical techniques, make a workstation or process code in
dilferent sections on the basis of component level or manufacturing level-wise. Aller

completion of the data processing, the analysis was documented.

Step — d: Preparation of modular BOM wing Microsoft Access:  In this stape,
prepare Modular BOM table structure database was made on the basis of product
architecture, materials and operation centric, level and process code ete in Microsofl
Access. Then the diagnostic documented Modular BOM was pather in Microsoft

Access database.

Step 51 Interfacing with customized ERP software using Microsoft Visual Busic:
At this stage, the database of the modular BOM interfaced with customized ERP

software using Microsoft Visual Basic. The genemlized database about bill

information will be used for raw materials purchase order, product costing, material

planning, material usage reporting, lot tracking, analyzing variances and tracking

progress through stapes of manulactunng.
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3.5 WORKING PRINCIPLE

3.%5.1 Construction Of Bill Of Materials

The construction of bill pf material in complete form for a practical product is

undoubtedly a tedious work [3]. The Bill of° material file contains the complete

product description, listing not-only the materials, parts, and components but also the

sequence in which the product is created. The BOM [ile is one of the three main

inputs to the material requirement-planning program, The BOM [ile is oflen cailed

product structure file because it shows how a product 15 put together shown in fig 3.2

and Table 3.1. It contains the information to identify each item and the quantity used

per unit of the item ol which 1t is part.
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Fip. 3.2: Multi-level Bill of Material
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Table 3.1: Multi-level Indented Bill of Material

Level | loem {code) wnit | Quantity |
g Yinigh Prodocts (FPOOT) Pce | O

1 COM-1 (100000) Pos | 02

1 COM-2 {200000) Bes | 01

I Stoving paint {PT100) s 5

2 COM-1.1 {100001} 4 Pes | ]

2 COM-1.2 £100002) Pes |1

2 RM. MS Bar [RM300) R |6

3 RM. MB Sheet (RM100) | Sft 2

3 RM, S5 Sheet (RM300} | S | |

3,52 Construction OF Modular Bill Of Materials

A moduiar bill of materials is the tenn for a buildable item that can be produced and
stocked as a subassembly [4] When a product or process 13 ‘modularized’ the
elements of its design sphit up and assigned 10 modules according to a formal product
architecture or plan. From an engineering purposes, a modularization generally has
three purpeses: a). To make complexity manageable; b) To enable parallel works: and
¢} to accommodate future uncertainly [39]. In thus case study, Modular Bill material
is prepared by some components redesign, restructure, nature of same functionality,

similar operation in similar workstations etc. are considered shown in Fig 3.3, In

briel, the research followed three heuristic broad phases [40]:

. identification of modules in an identification of modules in sheet metal product

and mapping of function to module for basic 42 products;

e e¢xamination of the identilied modules for frequency of occurrence;

+  cataloging of module-function-from design knowledge;

29



Level-0

Level-1

Firish Prates

Level-2————

Fig. 3.3: Muitilevel Operation-centric Modular Bill of Materia!

(FRT)
Sac
We2
i
| |
M Mool COM 2 S Fart
[WIXILS ¢ WO} (FTIH
Bl
2
T 1 Comnet 2
[IXTMm {¥0IA
Sec 2 Sec
e w53
Pt ME Sl M 555
(R (PN

3.5.3 Database Design And Interfacing

The most important part of creating database-driven project is the design of database

scheme after prepanng the modular Bill of Malerials In brief, the research is using

Microsolt Access to prepare the Modular Bill of Materials database. The database

programming interfaces uses ADODC, a relatively recent Microsoft technology, with

higher-level interface referred to as ActiveX Data Objects [35, 36], using Microsolt

Visual Basic Version: 6.0.

As per the steps described in the previous section, case study on the selecled

organizations has been conducted. The Findings and analysis is presented in the next

chapters.
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CHAPTER 4

FINDINGS AND ANALYSIS

4,1 INTRODUCTION

This chapter presents the overall findings of the case study. The case study has been
conducted in *OTOBI” that uses the manual material planning. The case study deals
with diflerent aspects of the ellicient and modern material panmng in connection
with multilevel heunstic Modular bill of Maternial technique. Analysis has been
performed based on procedure discussed in chapter three, The findings and analysis

are presented in the following scetions,
4.2 OVERALL FINDINGS FROM THE CASE STUDY

The *OTOBI Limited” umt-2 metal department, which used normal and conventional
planning and scheduling system, faced lot of problems during manufacturing in this

repard. The problems cncountered in the metal depariment production area are

described helow-
4.2.1 Real bill of material is not available

No real bill of malenal for any sheet metal products like Almira, Filing Cabinet ete
was found wntten o the studied orpanization. Only a few product-wise drawing files
was come across in production oflice and different sections Moreover, list of
common components used in various products were decumented mm wntten form
nowhere in the concern department but in the mind of one or two prime persons of
the concerning job. This pariial documentation was found to be a great problem for a
new persen to know how many componems and quantity is required to manufaciure

a preduct or components. Besides, this made it problematic for the concerning



production personnel to estimate the real cost of product fabricated. It is, therefore,
necessary to formulate the bill of material of all products according to multi-level
hierarchical model for the paricular department of studied orpanization for
maximization and preper implementations of ERP systemn.

f

4.2.2 No process and machine wise workstation

Since no process-wise of machine-wise workstations were defined clearly in the
studied organization, it was not possible for the production persennel to prepare the
proper scheduling, As o result, most of the (ime, machine became idle or overloaded.
Ultimately, the sheet metal depariment was not able to meet (he delivery lead-time of
the cusiomer. For this reason, the studied organization lost some good and big
customer. However, though some sections were found in vanious departments, but it
is not sufficient for implementation of customized ERP system. So it is needed to
restructure the different scctioqs and to define the workstation according to simi iarit};f
in operations or process to enhance productivity of man and machine through proper

scheduling and (o achieve the customer satisfaction as well.
4.2.3 Produet architecture modularity is absent

There was no product modularity in the studied organization. That why, number of
components required to fabricate a particular product was found to be large in the
assembly line, This caused complexity in the assembly line and resulted in long
assembly time. It is, therefore, necessary for components/products (o be grouped into
modular architecture, a one-to-one correspondence between sub-lunction sets and the
components, to reduce the number of components in product and assembly time, and

to accelerate the conceptual and embodiment design stages.

32



4.2.4 Do not use any scheduling technique

In metal depariment, no technigue of pmductions and operalion management was
followed for scheduling. As a result, several times, man and machine became 1dle or

overloaded. This, eventually, affected the productivity and delivery lead-time.
4, 2,5 Inadequate and insufficient data and drawing is present

In job floor shop, drawings available were insufficient and inadequate. In this

conmection, some wrong or poor quality producls or components were manufacturad.
4.2.6 Job Moor shop has not mentioned routing

There were no routing or operations sheets that detenmine movement of products or
gomponents  from  machine-to-maching, scction-to-section and  workstation-10-
workstation as per the requiremenis of operations or process. Since this rouling was
not documenied properly in the studied organization, 1t became dilficult for the new
persons Lo run the whole production system. That’s why; it is needed to prepare a
routing sheet based on multi-level bill of material to avoid all the difTiculties related
to movement of the components/products and also 0 maximize the benehiis of ERP

system.
4.2.7 Do not meet defivery lead time

Due (o the aforcsaid canses, delivery lead-time failed all the time and customer
satisfaction declined time to time. It is, therefore, necessary to solve all those
aforementioned causes applying appropriate operations and production management
technigues to manufacture quality pr@ducgs and fo satisfy the customer reguirement

1n just in time,
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4.3 ANALYSIS:

Once the MPS is set, the MRP system accesses the product structure file to determine
which compenent items needed to be needed scheduled. In this connection, it has
need te know where and which workstations the component and its item are really
build. So for logical manner in ERP sofiware system needs real routing system. [n
this context, unit-2 reformulated their sections anﬂ made workstations for ERP
systems on the behavior of product architecture. The reformulated sections and
workstations with ERP process code and other related formulated format are shown

in Appendices.

4.3.1 Bills of Material

Many complex preducts that are manufacturcd or assembled from a large number of
components or subassemblies under a so-called make-to-order and make-to-stoek
environment are usually driven by customer requirements and demand forecasts.
Frequently, the diversity of the finished products or subassembiies exceeds the
vanety of raw materials used. Hence, proper production planning to generate
essential information to support production and management decision-making such
as procurement from supphers, and production and shep floor control becomes an
important issue that needs special attention. Bill of Matenial is very important input
for Material Requirement Planning (MRP). The product structure file contains a bill
of material (BOM) for every item produced.

In a complex manufacturing environment of the metal departiment 42 basic models of
sheet metal product like Almira, File Cabinet and etc., using hierarchical multilevel
BOM reflecting difterent stages of manufycturing. The common database about bill
information is used for product costing, material planning, material usage reporiing,
and lot tracking, analvzing variances and tracking progress through stages of

manufacturing.
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!
4.3.2 Development of Modular Bills of Material

Modularity is viewed by Ulrich and Tung [30] as, (i} similarity between the physical
and the functional architecture, and {n), minimization of ncidental interactions

between physical components. In brief, the research followed three broad phases
[40]:

1} identification of modules in shegt metal product and mapping of function to
module for basic 42 producls,
2} cxamination of the identified modules for frequency of occurrence;

3) cataloging of module-funclion-from design knowledge:
Phase 1: Empirical Study Data Collection

Phase one consists of disassembling and cataloging sheel melal products o develop a -
classitication scheme for the types of modules in a system. For the work presented
here, 42 basic preducts were disassembled. A functional model was developed for
¢ach product. The functicnal basis is used to develop the functional modules [41].

The module heuristics are used to classify and recognize modules [32 42].
Phase 2: Exploring Modular Frequency

The next step is to identify the modules that repeat in many products as well as
chains of modules appearing frequently in a product function structure. The appreach
here is to explore the occurrence of modules. The identification of module chains is
as follows. }
i. Apply the module heuristics to the functional model of each product to
1dentify the vanous modules in preduct set
2. Develep a Product-Module matrix and record the presence of @ module in o
particular product with an “X” in the corresponding matrix element. For an
instance, the Product-Module matrix dE‘r’E|GI|JEd for a set of four consumer

products is shown in Table 4.1,
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Table 4.1: Product-Module Relationship Step-1
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3. Re-armange the columns without disturbing the rows to group together the
types of modules of inleresi. The result of mearmanging the columns of
modules that operate on operations of component is shown in 'I“abic- 4.2,
where multilevel related modules are shown in Modular BOM. Additionally,
the modules that operate on material and signal flows may be pgrouped

together.
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Table 4.2: Product-Module Matrix: Step-2
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The above step groups products based on repeated modules. The presence of
repeated or common modules indicates o large similanty between the products that
can be enhanced by formally developing n common platform of some kind for this

product family,

Phase 3: Cataloging Module-Function-Form Knowledpe

An nutomated or semi-automated desipn template would ennble the c{uick
progression from medule to function to component deseriptions of a product. To
enoble such a progression, the exisling knowledge can be stored using a mo&ulc-
function component hicrarchy.

-

A module consists of severnl functions, Ench of these functions is solved by some
component or components. Shown in Table 4.2 just represents the way of modular
product structure was made. in this connection, rest of the components or products
modulanty is design on the following way for this study. All the components used to
solve a particular function from this product gmup; arc included in the Table 4.2,
These databases of medular BOM allow o quick progression from absirect modular

product representations to components that constitite the product.
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Finally, Developed module database for different r}*ijﬁs of products and components

deals with similar type, similar operations, similar materials and some times similar

sections. It can be reducing the number components in preducts, reducing assembly

time and acceleration the conceptual and embodiment design stages. Table 4.3 shows

the 3D-Filing Cabinet Modular multi-level BOM as an example and others are

shown in Appendices.

Table 4.3: 3D-Filing Cabinet Multi-level Modular Bill of Material

Lavel F'Gcﬂm" Ef:ﬁ' [ Fg’;f:' R'""P:'::E““p' Description unit Z;JG':mJPpM
o |FCoPDzMSt 4 027 002074 KEC Body Assembiy Painted pes i
0 [FCOQ P02 MS 1 0z7 001806 KF Drawer Front Cover Painted Pcs 1
0 FCO P02 WS 1 o2y ooienT ¥KF Drawer Left Sude Pairded Pes |1
0 |FCO POZ M3 ; 027 1508 KF Drawer Right Side Painted pes [1
¢ |FCO P2 MS 1 02T Go1803 KF Drawer Bottom Panted pes |i
0 [FCO POZ MS 1 o2? 001910 KF Drawer Back Painted | pos |1
¢ (FCOPIZMS 1 o2y ooiadt KF Drawer [nside Cover Fainted Feoa 1
0 [FEO POZ2MS 1 D27 01912 KF Drawer Camer Plate Prepared pca [2
0 (FCO POZ WS 1 0z7 a01913 ¥F Carrier Vertical Support Plated | pos [2
0 [FCOPDZM3| 1 027 200002 Drawer Plastics Gripper pes |1
4 (FCO P02 M35 1 0z? 002095 KFC Auto Lock Channel Painted pcs |1
0 [FCD POZ MS 1 02T GO2100 KFC Lock Channel Palnted pes (1
0 |FCO POZ MS 1 nz2¢ 001916 ¥F Roller Chanmal {L, Inrer) Assembly | pes [3
a (FCOD PD2 MS 1 02z Ho1e 7 ¥F Raller Channet (R, inner} Assembly | pos 2
¢ (FCOPIZMS 1 o7 01 s KF Roller Channel {L. Outer] Assembly | pes 3
o |(FooPazMS| 027 001919, | KF Roller Channel (R. Outer) Assembly | pes [3
0 (FCOPOZMS 1 0Zy MET Cabinet Lock With Key pecs
0 [FCO P2 M5 1 027 MET Self Tappmg Screw pecs B
1 Q02074 1 iz 002075 KFC Body Assembly Pes H
1 D0Z074 1 032 BT100 Stoving Paint st o
a QO2075 1 011 Qa1 KF Top Assembly Phosphated Fea |1
2 Q02075 1 a1 0QZ075 KFC Left Side Phosphated Pes b
2 002075 1 a1 Q2077 ¥FLC Right Side Phosphated Fes [t
2 002075 1 a1 002072 KFC Back Phosphated Pee
2 002075 t 011 001525 KF Base Clamp Phosphated Pes
2 BO2075 1 a1 001526 KF Fartttion Fhosphated Pcs 2
i [O207%5 1 11 o01azy KF Botlom Front Cover Fhosphated | Pes |1
Z 002075 1 ot Wwion Yielding Malerial Rt
3 002076 1 030 002077 KFC Lefl Side Assembhy P 1
3 | 002076 1 030 PH100 Phosphating Chemical | s# po
4 0O2077 1 ai Q02078 Lett Side M. Body Prepared Pcs 1
4 Q2077 1 o1 Qozo7s Left Siitfener Prepared Fos 1
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i Q02077 1 011 002080 Cenirel Stiffensr (L} Prepared Pes 1

) Qoza?? 1 011 w100 Welding Material Rit

5 OG2078 1 a1z 02081 [eft Sicle b, Body Pre-prepared pos 1

€ CO20E 1 011G 110101040081 MS Bheet 0.7 HON STAMNDARD Sh B

b 00z078 1 ke 002082 Laft Stlfener Bended pes (1

G 002082 t M2 002083 Left Stiffener Pre-prepared poe |1

¥ 002083 1 010 110101010003t ME Sheet 0 7 NON STANDARD &ft 1.6
& {02080 1 Gtz GO2084 Central Stfiffener (L.} Pra-prapared | pes |1

] Do2054 ] 010 1181010100031 ME Sheet 0 7 NON STANDARD Sft |1

3 oo207T 1 030 002085 KFC Right Side Assembly pes |1

3 {02077 1 Q30 PH100 Phosphating Chemical Sft o
4 02085 1 D1 DD2086 Right Side M, Body Prapared Pes |1

4 002085 1 ot Q02087 Right Stiffener Frepared Pes |1

[ 062085 1 ot 002088 Central Stiffener (R) Freppared Pe= 1

4 p02085 1 ]| g Welding maternak Al

5 002086 1 012 002069 Fight Side M. Body Pre-prepared pes [1

g BOZ08D 1 (e} [ 1) 1101019100081 MS Sheel 0.7 MON STANDARD Bft .8
5 Lozoar 1 ain a0z09G Right Stiftener Sended pes 16
] DoZoan 1 o2 po2091 Right Stiffener Pre-prepared pes (1

7 | pozogt 1 010 | 1101010100081 | MS Sheel 0.7 NON STANDARD | Stt [1.55
8 DOZ088 1 o1 a020e2 Central Stiffener (R) Fre-prepared pes (1

3] 0o20u2 1 01g 110101120081 MS Sheet O 7 NON STANDARD 51t |1

3 anzate 1 030 02083 ¥FC Back Prepared pes (1

3 0020748 1 030 FH100 Phosphating Che mical St (164
4 02093 1 012 2084 KFC Back Pre-preparaed pes i

5 002054 1 a0 110104 0100081 MS Sheet 0.7 NON STANDARD S B2
1 002095 t 03z 002096 KFC Auto Lock Channel Assembly | pes ]

1 2085 1 03z PTI00 Stoving Painl St 3.2
2 02096 1 o1t o097 KFC Auto Lock Channel Phosphated | pes 1

2 OD2096 1 M1 J30002 ¥F Aute Lock Bush pes B

b Qo20gs 1 011 230003 KF Auto Lock Screw Plated pcs f2

2 002098 1 M1 MKT KF Spring Washer and bur P

2 002056 1 o Wip0 Welding Materiat Rt

3 Q02097 1 030 ooz0us KFC Aute Lock Channel Prepared | pes 1

3 Q02057 1 el PH10Q Phosphaling Chermucal SR 1.8
4 002058 1 012 Q02038 KFC Auto Leck Channel Pre-prepared | pes [§

5 002053 1 010 110140100081 M3 Sheet 0.7 HOW STANDARD 5h 055
1 002100 1 32 aoz1m KFC Lock Channel Phosphated pes |

1 Q02100 1 a2 PT100 Stoving Paint Sh @
2 ooz101 1 rily] ol2102 KFC Loek Channel Assembly pos 1

2 o211 1 030 PH100 Phosphating Chemical sf

3 ooz102 1 an 002103 Lock Channe! M. Body Frepared pes |1

3 oaz2102 1 on 410102 Lack Channel Clamp Prepared pes |1

3 ooz 102 1 o1 wion Welding Materta) Rft

i 002103 1 mz2 003104 Lok Channel M Body Pre-prepared | pos |1

L] 002104 1 oh 1] LR LUV LFR LR RHIEE M3 Shee 0.7 NON STANDARD Eh DE6
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In this chapter overall findings, Bill of material and Modular Bill of Materials have
been discussed. The next chapter presents the database design and interfacing with

customized ERP soltware.
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CHAPTERSS

DATABASE DESIGN AND INTERFACING

5.1 INTRODUCTION

In this chapter of thesis paper, modular bili of matenal datahase are design. In this
connection, using Microsofi Access database to prepared Modular BOM database.
Finally, Microsoft Visual Basi¢ 6.0 performs interfacing to Modular BOM database.

3.2 DATABASE DESIGN FOR MODULAR BOM

Modular BOM dambase is very important part of Materials Requirement Planni:;g_
The objective of developed Modular BOM database is to help the cuslomized ERP
software that both stores compenent data in intermediate anl;l linal stage and supports
caleulations being performed by the materizl requirement planning.

New dala types that are being added as part of the current status of the compenent
and finish products. The database is also being modified to suppert calculated
quantities that can be compared directly with observations. The database system is

being constructed vsing a three-tiered design. These thrae tiers can be described as-

1. Data — relational database tables and files in which all of the information
about the finish producis, componenis and raw materials and calculations
are maintained

2. Analysis — all database queries, [lile reading/writing operations, and all
calculations and analysis that are performed on the data.

3. User interface — creates all user displays and maintains all interactions
with the user,
and customized ERP software.
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The system is being designed initially W use a Microsoft Access database, however
we are also testing the sysiem using an Excel database. The flow chard of the
Modular BOM database shown in Fig. 5.1

Open Blank
Access database e

< I Name =1
BOM T
l‘m

: Interface with
Create Table in Yes Cusomized CRP
design in customized ———————7 m software and data
format input pert show

lNﬂ e,

Manual data input
And eormection

L

Repon Show

Fig.5.1: Modular BOM database Flowchart

During prepared the Modular Bill of Material Access database following step are

followed:

1. Al First prepare code and level database of finish products as well as finish
components in the concern of multi-level hierarchical bill of material appreach

shown in Fig 5.2
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Fig 5.2: Finish Goods/RM Componet Level

2. And then prepared the Finish Goods and finish components aceess database shown
in Fig. 5.3. Component Code, Components Name, Level, Quantily and unils are

represents it Finish Goods Access Database

Bk il i--nu-n------m-_ﬂ"""" — i
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Fig 5.3: Fimsh Goods or Finish Components Table

3. And finally prepared the Raw material, finish components modular bill of Material
dalabase shown in Fig 54, RM PM Modular Bill of Material Database Table
represents level, Finish Goods Code, Batch Code, Process Code, RM/PM/Comp,

Code and Componenis Descriplion, quantity and units,
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f RM PM : Table

F & Cods Batch Slze | Process Code |RM or P Cod

I FCOPI3MS | 11027 061905 KFD Boc
0FCOPOZMS | 11027 1001906 KF Draw
0.FCOPA2MS ¢ .. o 1001907 'KF Draw
D FCOPI2MS ! 11027 001508 KF Draw
) COFCOPDZMS ¢ 1027 |0rteos \KF Draw
__  D'FCOPOMS ) 1027 010 KF Draw

e ____OFcOPOdS T Moz 1001911 iKF Draw—
DFCOPO2MS | Moz T o912 T K Draw
_ To'fcoroms ti27 oo _iKF Draw
TOFCOPOZMS | 1,007 001916 i KF Rolla
e OFCOPIMS 1007 _igosty - iKF Rolle
- _ OFCOFO2MS _:_'_____ iz 00918 KF Rolie
- OFCOPOIMS _tior _______,_pmgfa ~_ 'KF Rolie
P R 1 M 1 \KF Top /
o __2 002075 . 1'IZI11 o _i[B1925 |KF Base
0 FCOPO2ZMS _j__ 1097 1002074 "KFC Baoe
. Yoo .. MgE2 oS KFC Boc

: T mm‘mx B - LT fananTe ER T aa T
 Racord: 14§ 4 J] 4 !N iHE’ of 26 1{ I »

Figr 5.4: Modular Bill of Matenals Access Database

5.3 DATABASE INTERFACING

Modular BOM Database Interfacing is very important function for matenal
requirement planning. The database-propramming interface uses ADQDC, a
relatively recent Microsoft technology, with a higher-level interface referred to as
ActiveX Dala Objects {(ADO), using Microsofl Jer 4.0 interface string shown in Fig. 5.5,
which is a very eflicient dalabase interface string in Microsoll Visual Basic, ADO is a berter
choice than other methods (for example, the eerlier DAO (Dala Access Objects) and ODBC
access methods) sinee it has higher performance drivers, and is the datzbase access method
that Microsofl will be using in the future in all of its products. In initiel experiments with
ADO, it have found that it can nse it successfully with all of the development tocls, and that
it is generally simpler than the earlier methods, particularly for accessing multiple types of
databases. It has successfully refrieved data from databases in Microsol Access with only
minor changes in code. With such a huge complex pars Modular BOM database of

Metal Depanment, studied organization also wanted
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Fig 5.5: Main Interfacing Table

an interface that was compatible with Microsoft Access and Microsoft Visual Basic,
It was beneficial for Metal depariment all sheet metal ijrnducts to be able to store afl
the parls in a Microsofi Access dalabase. Because of these requirement, prepared
modular BOM database interfaces with customized ERP system operator inferface
software with Microsoft Visual Basic 6.0. Customized ERP soltware is designed for

developing and running data acqnisition and control applications on all items of the
modem ERP system, which is helplul to OTOBRI limited.

Dunng the interfacing with Modular BOM database, some forms are prepared for

user free data input, report showing, searching elc. To crate a data link, followed

steps are following:

1. Make new Main Form named Bill of Material, where Search and new data

entry form is build shown in Fig 5.6.
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" BILL OF MATERIAL

Fig 8.6: Main Form of Bill of Material

I3

Il Select Search open search form shown in Fip. 5.7, then Searching object
search by code alter that build a report is shown in Fig 5 8 to Fig 510 and
alternatively Searching object scarch by level after that boild a report is
shown in Fig 5.11 to Fig. 5.13. In this connection, searching option are scleet,
searcling are datn extracted from Modular BOM database different tables by

ADODC intertacing technique.

B0 Haterial Seaich . - oLnter Search ValieZ
-=a":Select Searching Method fFinizhad Gaods Cpoe;| FRVEILE
& By Level T e
- ™ By Fruthed Component Code
Ceach Cancle
Mest '
[ Im
Fig, 5.7: Bill of Material Scarch Form Fig. 5.8: Finish Goods Search Value Form
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Fig 5.10: Finish Good Searching Report From
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3.

If Select new deta entry, then it opens the Level forms is shown in Fig 5,14,
After data entrigs in level form then Finish Goods forms (data ¢ntry [iclds
finish goods code, description, quantity and units) are open is shown in Fig
5.15 and these entered data are stored in the Finish poods Table in Modular
BOM access database by the ADODC interfacing technique. And then RM
PM forms (daa entry fields Batch Size, Process Code, RM/TM/Compenent
Code, description, quantity and units) are opened is shown in Fig 5.16, it also
contains add (New entry}, Update :{update data), refresh Button features are
presence for user friendly and these entered data are stored in the RM PM

Table in Modular BOM access database by the ADODC interfacing
technique.

i L4 }5-'-: L
%ﬁaﬁ%ﬁf

Fig, 5.14: Level Entry Form
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EComponent l"ude-

MComponenl Name

Fig. 5.15: Fimsh Goods Entry Form
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Fig. 5.16: RM/PM/Componenl Entry Form

Uscrs can access the parts database through custoruzed ERP seftware. With one
mouse click, users can pull up custom forms developed in VBA that allow the user 1o
easily add, change, or delete parts data, in addition to scroll through the complete
parts database. Changes that users make to the daiabase at the operator interface
stalion are then automatically re-saved directly to Access database, eliminating the

need to update stations independentiy.

Custommized ERP also offers users an additional aption that gives user additional
information on their product real siatus. A VBA-developad custom fonm allows users
to automatically generate reports. Users ¢an save the pertinent part information with
the processing condition to a second, Modular BOM Access database, and print out a
complete report about how the process ran and how particular parts performed. This

gives user a custoni report hased on their specific job or products

The next chapter presents conclusions of the thesis and recommendations for the

ivture work



CHAPTER 6

CONCLUSIONS AND RECOMMENDATIONS

6.1 CONCLUSION

As the business worid moves ever closer to a completely collaborative model and
competitors upgrade their capabilities, to remain competitive, organizations must
improve therr own business practices and procedures. Companies must also
increasingly share with their suppliers, distributors, and customers the critical in-
house information they once appressively protected. And functions within the
company must upgrade their capability to generate and communicate timely and
accurate information. To accomplish these objectives, companies are increasingly
turning to enterprise resource planning (ERP) systems. This is for the reasons, this
case study was undertaken primarily to make an overview of the present status of
sheet metal products structure of Metal Depariment for successful ERP
implementations in OTOBL For the ease of ERP implementations, database for
Modular Bill of Materials was prepared and also interfaced with customized ERP
sofiware. The analysis, Madular BOM data!::asc, interface etc. are, therefore based on
data and information gathered from this company. On carefu! analysis of the {indings

the following conclusions can be made:

1. In this work, 2 moedular focused design template is proposed. A specific
methodology for developing design templates is presented. This template is
based on the similar sheet thickness, similar t}pe, similar operations, similar
materials and some times similar sections ete. through a product or component,
The template utilizes design knowledge both in the form of modular
architectures and specific component solutions. 1t is shown that by grouping
individual produci or components into module chains and crealing a generic

design template, conceptual design and embodiment design can be performed
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as a simultaneous process with a natural focus on modular design. The case of
inlegrated diflerent types of filing cabinet is presented as an example. The
design template provides functional and component information of all the
products in 2 product family. The current work has been camied out over a set
of 42 consumer products belenging to the four classes namely Almira, Filing

Cabinet, Lockers and Racks.

The modular BOM database system is information-processing tool, which

helps 1o decision making in Production planning It indicates that which

amount of finished products or components can or cannot be produced at a
specific time bucket according to the existing material availability, and the
amount of malerial shortfall. Because of its ability to provide several
production solutions when new customer orders arrived, it is supposed to have
a favorable impact on the decision-making process and the quality of the
resulting decision for production planners, sales personnel, and depanmént
managers in the manufacturing enterprises. The proposed system caplures the
transition of traditional production planning systems to the new ERP systems
that cater to the demands of highly diversified users. This modular design
approach may provide economies of scale; reduced development time: reduced

order lead-time; and easier product diagnostics, maintenance, and repair.

Database development focused pnmarily on development of low-level database
access functions, and prototyping to resolve design issues relating to database
access, graphical displays, and user interface, Modular BOM damabase access
1ssues have been resolved, and focused on the development of the user
interface, development of middle tier components for connecting the dalabase
and data to the user interface, and additional development of graphical displays
in the next slep. The [irst phase of the project conceotrated on important low
level details and de sign decisions. A prototype cootaining more complete

modules 15 now under development.
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6.3 RECOMMENDATIONS FOR FURTHER STUDY

Based on the present thesis work, further study can be done on OTODBI himited in

different dimensions in the future, Some of them are presented below: -

b

Lh

An imporant future work would be developing dynamic BOM - based
available-to-promise system. Web-cnhanced dynamic BOM-based available-
to-promise (ATP) system, which provides manufacturing companies with the
abtlily to support the decision made by preduction planners and managers.
With the advent of Internet technologies, the proposed Web-cnhanced dynamic
BOM-based ATP system is simple to use and user-friendly. [t supports centric

management and can easily integrate with other applications.

The mathematical model may be furher cxtended by imcorporating oiher
technological, financial and organizational constramts ike a novel ﬁ.ppmuch-lu
ATP and development ot new heuristic algonithm.
;

A work can be carned out to apply oracle or M8 SQL server data managcment
packages for the creation and updating the database in farpe volume.

The process or workstations cffectiveness can be furher restroctured by
machine wise process or workstation selup and generating various work center

in each workstations for how a products 1s really build in aciual time,

An important part of the [urther study to identify ways to minimize the anount
of code development required through a combination of the use ol commercial
components and development of a well organized set of middie tier

components,

Future work may be directed in transmission ol the proposed ERP system into
an expert system SAP-R/3. In this regard work of Schumann [58] shows that
With novel module PP-Pl, the standard software SAP-IR3 olfers the

oppedunity to control and coordinate business processes on the plant {Toor. The
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funclionality of this module covers different working fields such as material
management, process order manapement, inventory management, and qualily
management and it contains some eiements of haich control, SAP alse olTers
standard interfaces to lower level systems, as DCS or LIMS. Altogether it may
be considered as backbone of 2 Manufacturing Execution System (MES) with

strong integration inlo the business world.
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APPENDIX

Table 1. Workstations and Process Code

2 Sliteing ] shtiing opcration
2 Tubec mill l Lube making
2 Sheoct Mctal 1 Mela! Forming. Punchiig, Shearing
2 Shect Metal 2 ‘Iﬂ."&ll;rling_, Crerding, Fock Fiitine, Grending
2 Shent Metal 3 Shect Bending
2 Progs [ Sheot Sheatine
2 Mol M'resg 2 Deep Drawing
2 |Mctal Press 3 Fress
2 IMctal Press 4 Tapping
I 2 [Melal MAC Shop ] Capsian Lathg
1 2 |Mata M/C Shop 2 Auto laihe
2 Metal WAC Shop 3 Manual Lathe
2 |hfetal /T Shop 4 Center Lathe
2 [fMctal M/CShop | DummyS5 |Misccllancous (M/C Shop)
2 |stetal labrication i Lube culting. bench grinding, lapering
2 |Meal labncation 2 e bondng
welding, punching, Drilling, Hand grinding,
Mctal fabrcabion 3 Polishing, levehng 024
Metal labricalion 4 lube rveting 25
Cutting, Grinding, Drilling, Straighlening,
2 |Meotal Asspmlly 1 welding, Palishing 024
2 [Meual Asscmbly 2 FC, Almirah assemblunp 027
2 [Meral Aszcmbly 3 Hospilal ltem assembling, Bench Work (2%
2 IMelal Aszemnbh 4 Misccltancous {Asscmbly) 024
2 |Meal Surfpee Treatmient ] Phosphuting {Mctal) [Tt
2 |Meal Surface Trealmenl 2 wloctroplaling 0!
2 |Melal Patnting | Stovmg Penling 032
2 [Mouk Pauntinge 2 Pavder Painling 033
2 \Plastic Processing ! Injectign Moulding 034
2 |Plastic Assembly 1 tAssembimge Operanons {Plastic Assenbling) 035
2 |Tool Making]  Toof Makiog 1 Tool Making (35
38
I



Table 3, Multi-Level Modular Bill of Material of 4D Filing Cabinet

1 ui | L it

l"&;.‘ﬁ"""; 5-'..!1_!5'3-'-\.:-‘2..' ‘ I8 e -l Lul %
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0| FCD PR3 MS 1 027 D018 KT Drawer Bight Sicde Primted pes 4
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Table 4. Multi-level Modular Bill of Material of 3D-Filing Cabinet
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Tabie 5. Multi-Level Modular Bill of Material of 2D-Filing Cabinet
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