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ABSTRACT

DESIGNING AN INFORMATION SYSTEM FOR
MATERIAL MANAGEMENT
IN ENGINEER-TO-ORDER ORGANIZATIONS

Dede, Erdoan
M.S., Department of Industrial Engineering

Supervisor : Assoc. Prof. Dr. Tayyaen

December 2006, 94 Pages

In this thesis, an information system is designed and developeddoreer-to-order
organizations to improve the traditional Bill-of-Material by hanglivariants of
products and components efficiently. A database is developeir the related
information about inventories and configuration management in arntieéfegay.
The improved Bill-of-Material provides a common structure toeascstored
information for material management purposes. A model, based ororketis
presented and included into the system for calculating time requirgdoduce
components and to make subassemblies or assemblies with that dowentory
levels. The system is applied to TUBRK-SAGE, which is an engineer-to-order

organization carrying out Research and Development projects feng&elndustry.

Keywords: Information System, Material Management, Prototieselopment,

Bill-of-Material, Engineer-to-Order.
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Tez Yoneticisi : Dog. Dr. Tayyaren

Aral k 2006, 94 Sayfa

Bu tezde, sipare-0zel-tasar m yapan organizasyonlar igin geleneksel Uréiclaa

geli tirilerek Grin ve malzeme cdi ini etkin kontrol edecek bilim sistemi
tasarlanmtr. Envanter ve konfigirasyon ydnetimi ile ilgili bilgileriretkin
kaydedilmesi i¢in bir veritaban tasarlanbr. Geli tirilen Grin aac kaydedilen
bilgilere Griin yonetimi amac yla ulémas icin ortak bir yap saar. Uriin ve ara-
drtnlerin giincel envanter seviyeleri kullan laragbheke temelli, bir model sunulmu
ve tasarlanan bilim sisteminde bu model kullan larak Grtnlerin ve ara-urtnlerin
monte edilmesi i¢in gereken sirenin hesaplanmas nda kullanrlrBili im sistemi
Savunma Sanayi'nde Ararma ve Gelitirme projeleri yapan bir sipag-0zel-

tasar m organizasyonuna, TUBAK-SAGE'ye, uygulanmtr.

Anahtar Kelimeler: Biliim Sistemi, Malzeme YoOnetimi, Prototip Geiime,

Malzeme Listesi, Sipam-Ozel-Tasar m.
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CHAPTER 1

INTRODUCTION

Nowadays, more products based on high technology are being developeensedef
industry. The development of these products requires the production iofisvar
prototypes consisting of continuously evolving components. Engineeriagder
organizations are specialized on development of this kind of podUttese
organizations need special information systems, different frenoties in make-to-

stock organizations, to support material management in producti

The main features of Defense Industry are as follows (TWR, 2006):
Government is the single customer.
High technology must be applied.
Products must be safe, reliable and information about thembis kept secret.
The organizations in Defense Industry are required to be sts@ngnd safe.

Dependency to foreign countries is required to be at thestdesel.

TUB TAK-SAGE (The Scientific & Technological Research Council Tafrkey-
Defense Industries Research and Development Institute) is profip-technology
producing, engineer-to-order institute. The primary objective obthanization is to
make research and development (R&D) projects for Defensetipdiife output of
these projects is highly customer specified, high valued produgiotmtypes. The
institute is involved in 20-25 ongoing projects on average at ang. thmtypical
project continues as long as five years and can require up to 9(:df@@smnals
(mostly engineers), on average, during this duration.

In order to develop products or prototypes, components are designexhéirgsts
are performed in specified conditions. Required components for tegisoaluced in

small quantities by selected suppliers and delivered to thetutas While



components are being produced outside, the design of these compoiggmntden
changed or modified completely, as the nature of R&D actvitiehis type of
production causes several problems: (1) Numerous lists havekepbé?) It is hard
to find correct components prior to tests. (3) Files in diffefemhats are prepared
for storing information. (4) Time planning for production takes longti®) Data
are kept separately between divisions and data flow is mandainsufficient. (6)

Current ERP packages cannot be used effectively.

Production and material management in the institute is differemt make-to-stock
organizations enormously. While make-to-stock organizations produlsentiigber
of undiversified items, the institute has small number of rdistitems produced
outside and these items evolve continuously. This type of production m@eeds
material management system different than the one foricdhsmake-to-stock

organizations.

In this thesis, in order to integrate data stored in diffei@mats and places, first a
relational database management system using Microsoft Aicdssigned to store
required information. Second a product tree structure is usedrasnasystem to
access this information for production monitoring. The system is cadpafsfour
modules and product variants can be created and managed €hsilgystem is
prepared for simultaneous access from all users. Then, aorkepvoblem is
formulated for production planning. The required time for assemhlipgoduct or
sub-product is found by utilizing the CPM/PERT method.

The second chapter gives literature on Bill of Materialszesia multi-level BOM

structure is given as a basis for the proposed system onahatanagement.

In the third chapter, general information about the organizationpamjgcts of
TUB TAK-SAGE is given to evaluate the complexity and volume of wark
performed. The role of configuration management in the systevelapenent
process is given. The development and production of prototypes in thentcur

system is described and the problems of this processvere igi detail.



The fourth chapter incorporates the design information systemdpoged material
management system. The assumptions for the designed systegiven and the
designed database structure is introduced. In addition, user ¢etefféghe proposed

system is presented.

The fifth chapter explains the planning model by means of an egaifipt network
created for material management and solution to this networgrasented in this

chapter.

In the sixth chapter, the work done is summarized. The main adpentand
drawbacks of the newly developed material management systerdisagssed.

Suggestions for future work related to the subject mattealaoepresented.



CHAPTER 2

LITERATURE SURVEY

Engineer-to-order organizations produce custom made or one-of-a-kind groduct
(Bertrand and Muntslag, 1993). This type of products need numerous prototype
productions before final products are delivered to customethes® organizations,
prototypes and their components are not fixed, and they are maawengime.
Therefore, there exist a great number of variants for protogmesomponent in the
system. The traditional Bill-of-Material is not appropri&e prototype production
since the traditional BOM has fixed structures with standardoooents. When the
traditional BOM structure is used in engineer-to-order orgaoizstthere would be
one BOM for each variant of components and prototypes. In thatthaseumber of
BOM reaches to huge numbers. The literature on production in enginester
organizations and different types of BOM systems are seatolfedl how variants

of components, products and operations are handled without incréasingmber

of BOMs.

To handle product variants, generic Bill-of-Materials (GBQddhcept is introduced
by Veen and Wortman (1987) especially for assemble-to-order envinbsuria

assemble-to-order environments, end-items mostly have a numfeatafes where
each feature can have several options. Due to different combmaif options, the
number of end-items can be enormous. Therefore, a manufacturing &Cdery

single end-item cannot be defined. GBOM describes a rangémifr products
implicitly with a single embracing BOM and it is composed afieg& items which
describe a range of items. When a customer orders a sp@oifiact in the product
range, the matching BOM is generated from GBOM by substitutameenic items
with the chosen specific items. A GBOM for a ballpoint pen \®miin Figure 1
(Veen and Wortman, 1987). Since some combinations of paramdtes vaight

define a non-marketable product, a configuration control functiadded to the



generic BOM concept so that a specific BOM can only bergésr for a marketable
product. GBOM can describe a range of product by genericallyhbwttucture and
options for features must be known when GBOM is defining contratyeteadse in

engineer-to-order organizations.

ballpoint

|

0 ballpoint assembly o clip

red holder i l » round top
black holder o} { )

green holder @ & sguare top
holder  filling spring  top

O = generic item
® = specific item

Figure 1 Multi-level Generic BOM of Ballpoint Pen Assiely with generic
components

A closely related study to this thesis is given by Bertrandunatslag (1993) in that
main differences between engineer-to-order manufacturing and tke-tmatock
manufacturing (which was the basis for the development of MR#®ftare) are
discussed. In their work, important characteristics of thmgineer-to-order
manufacturing are given as the important role of the customer, ardstomer-
specific product specifications, and the product and production uncertahmge
characteristics differ substantially from the basic assumptdnRP 1, which are
the production of standard products with a well-known BOM and product rounting i
advance. Therefore, it is argued that engineer-to-order envirdanask for a
completely different production control system. Hence, a productionrotont
framework for engineer-to-order production was proposed. Within thisefrerk,
three BOM structures are defined for engineer-to-order enveaohnil) Standard
BOM, (2) Historical BOM and (3) Project BOM. Project BOM®e prepared with
the use of standard BOMs. Standard BOMs are product functions wiao



previously accepted as product standards within the engineering aigh des
department. During product construction, historic BOMs of previoogeqis are
used with standard BOMs to prepare project specific BOMs. rEeionship
between these BOMs is illustrated in Figure 2 (Bertrand and Migntd1993).
However, engineer-to-order organization differs in terms of prodegtlopment
processes. In this thesis, a BOM structure for engineer-to-ordanizations which
develop different prototypes for each customer order is considerdkis type of
organizations, there does not exit standard BOM widely acceptel forototypes
since each prototype is produced for completely different productshérd are
numerous historic BOMs and a single project BOM for each prajedthistoric

BOMs are created from project BOMs.

-~ - Ty
f-.\____ _
Smndard/‘ e
S
BOM \ Actual
e project
| BoM
.
‘ —
BOM

Figure 2 Relationship between different BOMs

A generic BOM system based on Programming Language Notatiootopboduct
and component variant handling is proposed by Olsen et al. (1995).pfe HOM
for typist chair and the flow for generating conventional BOM I specific item
are given in Figures 2 and 3, respectively (Olsen et al., 1988)generic structure
of a product is constructed from generic components which can h@veative
specifications. The alternative specifications for comporemtsncluded in the body

of generic component definition. When a specific variant foroauct is constructed



by traversing generic BOM structure, a specific value amgermeric component
specifications is chosen for each one of generic components incllidedlefined
constraints in goes-into-relations in generic structure beca@uive when
specification list is prepared. The specifications complyirty Wiese constraints are
listed for the user when a product variant is constructed. The ppgesneric BOM
system offers a high level of flexibility to describe not onlgriants but also
constraints between components in goes-into-relations of BOMtste, but the
system takes a well known product structure with well known aligenat

components and therefore it is more appropriate for make-to{stodkctions.

‘ 100 “typist chair” | ‘ 200 “stool” |

300 “back” ‘ ‘ 700 “arm rests” ‘ ‘ 500 “stand” ‘ ‘ 400 “seat” ‘

600 “base”

Figure 3 Simple BOM for Typist Chair

" component §200 is
name(“stool”);
end component;
body §200 is
include §400 with

Generic BOM Specification Task
(GBST)

Generic BOM Structure

(GEOM) : seatColor (red);
[ end include:
\L ; include §500:
Product Variant Specification Task end body; ...
(PVST) R EEIRIIET NI RN
< | parent child quantity
¢ © i [ 200 400.red 1
Attribute-identified specific BOM - i | 400red 410 L
(ABOM) ¢ | 400.red 420 1
Translation tables
(TTAB)
Conventional BOM Generation Task 7 Level 1d Quantity
(CBGT) , 1 200 1
P2 400.1 Il
¢ E 5 410 1
5 . i3 420 Il
Conventional BOM
(CBOM)

Figure 4 Generating Conventional BOM



Hastings and Yeh (1992) proposed a concept of bill of manufacture (B@Mich
combines routings with traditional BOMs to provide materiagurements data.
Tatsiopoulos (1996) discussed the reason for separation of routingndiéitss from
BOM data entities and gave the consequences of unifying BOM andgewin the
basic functions of production planning and control. Jiao et al. (2000) propaisd
structure called generic Bill of Materials and Operations NBX) by unifying
routings and BOM to handle variants resulting from both product chaaggs
processes. Generic BOMO has four elements which are gemedact, generic
goes-into relationships, generic operation and generic planning. In pee, @
implementation of the generic BOMO in customized souvenir cloctufaaturing is
given. The sample BOMO for souvenir clock manufacturing vergiin Figure 4
(Jiao et al., 2000). Contrary to engineer-to-order organizatidnmsible processes

and components are assumed to be known when generic BOMOisglefi

Purchased Part] Souvenir Clock Operation _%glﬂ\c:
Raw Material WC-A5 Material Requirement
Intermediate Part O Operation
Subassemf)ﬂ
| x1
D Kitting Pa@r Box|

wore (K] woki[rg  wowa[kd)
[Raw Materiall [RawMaterial | [Raw Material

Figure 5 BOMO for Souvenir Clock Manufacturing

A related study to engineer-to-order organization is given bielattal. (2000). It is

discussed that there are four product characteristics in emgmerder organiza-



tions: (1) Super-value products are produced in an uncertain and complex
environment. (2) Products are designed and developed innovativalgtamers for
fitness. (3) Products are not standard. (4) Customers cliagigeequirements over
time of the manufacture of the product. However, variant handlingt discussed in
their work. Since lead times are high for this type of productmanning and
scheduling reference model for engineer-to-order organizations/és ¢o assist
company management in a review of their planning and schedulicggses. The
important elements for integrated planning and scheduling in an enggezorder
system are given as product configuration, master productiordaite design
planning, project requirements planning, shop floor scheduling, asdnébly

scheduling.

One of the closely related studies to this thesis is givedldgn et al. (2001) in that
a Visual Product Constructor (VPC) is proposed for engineer-to-erd@éonments
which need a different type of manufacturing planning and control sydteans
serial production manufacturing. It is argued that the traditiB@M structure is
effective for serial production where products have the same prstiucture, but in
engineer-to-order environments each customer order has its owficgpecis, and
it is not possible for these environments to maintain static pratiucttures. In that
paper, variant handling in engineer-to-order manufacturing is ceahpéth variants
handling in serial production manufacturing; variants in serial pramuct
manufacturing are usually represented by a generic BOM in wdilicpossible
variations have to be known when the generic BOM is createdabhtreew order
can describe a new variant in engineer-to-order environments andothplete
product structure cannot be known until design phase is complete@fdrieerit is
concluded that a generic BOM structure cannot be maintained foreengo-order
environments. Project oriented activities like construction ofiimgk, bridges, ships
and offshore installations are given for engineer-to-order producti®esan which
the products may be too different to be described as varidragefdre, engineer-to-
order manufacturers describe products only by drawings and sawgledart lists.
VPC is a visual BOM representing the information structureafg@roduct and it

provides a structure to store and retrieve diverse informaila dontracts,



specification, calculations, drawings, part descriptions. dinghasis of the tool is
more on information other than automation. A structure for a nedupt or order
can be constructed in a very short time by a cut & paste ggdeen historical BOM

in VPC. This initial BOM structure is modified in design and aeegring phases by
modifying component attributes, adding new components and deleting urargcess
components. The visual BOM for mountain bike example is giveigur& 6. When
the tool is designing, it is assumed that there exist@inesimilarities between
products and therefore the tool is not suited for a situation wheheoeder does not
have any similarities. However, the study in this thesi$oisengineer-to-order
organization in which each order can have no similarities, threrefl methodology

of VPC cannot be used in this thesis.

) 1B Mountain bike series AlMountainBikel#1 |

------- [ | MB-RW Rear Wheel assembly(Wheel#1

=] [_] MB-Frame MMountain Bike Frame(Frame)#1

-------- (| ME-FRF Mountain bike frame rear part(frame rear part)é
[_I MB-Chain Mountain bike chain(chairn)#1

[ \ﬂl ME-Center Mountain bike center assemblnCenter)#1

aag
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5 o
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-------- || Shifter-5 Gear shifter 5 speed(Shifters)#l
|| GCC Gear control cable(control cable)#l
I \:I IMB-FFP IMountain bike frame forarard part(frame forwa
| MB-FW Mountain bike front whesl(Whesl#1
| ME-Light Mountain bine light option(Light assembly)#1
\':l Generator Generator/d volts(Generators)&l

F

7

Figure 6 Virtual BOM Example for Mountain Bike

Another study related to variant handling was done by Vegettl. §2@02) for
process industry. The variant handling in process industry is diffdrentengineer-
to-order organizations and it is similar to the case in makestdsirganizations
with one difference; products can be produced by decomposing of rawatsat&n

example for variants in decomposition is given in Figure 7 (ifegé al., 2002).
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However, three drawbacks of traditional BOM structure iemifor variant handling
which are also applicable for engineer-to-order organizationdn(it)e traditional
BOM where each variant is considered as a separate produchestructure of
each variant is stored which leads to a dramatic increasphysical storage
requirements. (2) Storing each variant as a BOM may alsdectegical data
inconsistency if data changes associated with a specificp@oent is not
simultaneously made in all BOM structures in which the compqueaticipates. (3)
Previously proposed BOM structures consider variants only dirtisbed product
level, leaving aside variants of intermediate assembly pradQotaplex BOM was
proposed to overcome these drawbacks. In the proposed system, eaoh varia
structure is derived when it is required in order to reducedtdata volume. The
model minimizes the links between products and their variantisisinvay it enables
changes in product structure to be carried out without affecting sheciated
variants. The complex BOM structure can represent productdegtbmposition of
raw materials in the petroleum and meat industries. TheitnaaitBOM structure
can only represent product by composition of raw materials, compoments
subassemblies. The model in this paper is not utilized sheceroduct variants are

assumed to be known before BOM declaration.
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0.8733
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[
33 0.7 0.1
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Figure 7 Variations in Raw Material Decomposition
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Ayd n and Gungor (2003) presented an effective approach to handle escessi
product variation problem for mass customization in textile indudthe given
approach handles product information in a relational database@®mént for multi-
product and multi-process production systems. The approach aims to teduce
efforts when defining products to the production systems for gemg®OM and
executing material requirements planning (MRP). A multi-l&#@M representation

of sample product in textile industry is given in the left isecof Figure 8 (Ayd n

and Gungor, 2003). In the given approach, BOMs are considered as awellti-I
where each level of a BOM matches to a process. Thegsdmased representation
of sample product A is given in the middle section of Figure 8.eScomsecutive
processes are merged into one process. After merging consegprgoasses, the
resulting BOM structure is given in the right section of Figdirén textile industry,
most of the variants of products are developed upon changing just oiweo or
components in one process or changing consumptions of components. Therefore
components and consumption are represented generically in the praeppsedch.
However, the BOM structure can be changed in engineer-to-orderizagans. The
proposed system takes all product definitions at the order recepiogess
regardless of the product status (i.e. an existing producériany of an existing
product or a new product). However, BOMs are changing continuously until

products are finalized in engineer-to-order organizations.

The literature is also searched to store BOM tree strucGueli et al. (2003)
proposed a tree structure storage model to record a producttieeproposed model
uses two tables to record parent components and child componentsoBEgudnent
or parent item location in product tree is given as a combinafighree fields,
which product tree the object belongs to, on which level in treeitriays, and of
which position on the level it has been fixed. Child component tablenmaspecial
link fields. The first one indicates the parent level of theemt component and the
second one indicates whether a child of the current item eXisés study in this
paper is so general that the storage model does not handletwvamiangineer-to-

order organizations.
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Figure 8 Sample Process Based Multi-Level BOM in Textidustry

The generic structure given previously represents varietisfor components or
subassemblies. However, Du et al. (2003) discussed that inclusigmodtict
varieties also differentiates assembly routing processegefore inclusion of
process variations to generic product structure is needed. Irpdpesr, variety
synchronization for assembly-to-order production is discussed. Theiggemedel
for product and process variants includes (1) generic components, r(@jicge
assembly operations and (3) generic planning for synchronization of praddc
process variants. The paper reported a case study conducted frigarator

company to demonstrate the feasibility and potential of theqgsed approach.

In the literature, variant handling is generally proposed for nadsteck
environments where product structures and all alternative comparengssumed

to be known when BOM is defining contrary to the case in engineer-to-orde
organizations. Two closely related studies for variant handtingngineer-to-order
organizations are found in the literature. These two studies propasedisl BOM,
historic BOM and project BOM for engineer-to-order organizatidawever it is

assumed that there are some commonalities between eachnotfte latter studies.
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CHAPTER 3

SYSTEM ANALYSIS AND PROBLEM DEFINITION

System analysis is a study to determine the system stratdrehe requirements of
TUB TAK-SAGE for material management in prototype development algitig
system development process. In this thesis, only material gaar@nt in system
development process is given for an engineer-to-order organizatiatevielop
prototypes. Problems related to prototype development are given otdyms of

material management perspective.
3.1 Information about TUBTAK-SAGE

TUB TAK-SAGE is a R&D institute, which works in the area of defe industry
since its foundation in 1972. The institute performs primarily R&k, as well as
testing and consultancy. The main working area of TIMK-SAGE is the design

and development of weapon systems and munitions.

The institute functions in a project-oriented manner. A projestaded right after
the project is approved by the Administrative Board of the itetit¥arious
development projects, regarding the defense industry, are beicgtexen the
institute. These projects can be divided into two groups: Cestbased projects and
in-house projects. In customer based projects, the requirementsetatey the
customer via technical specification documents. The primaryomest of
TUB TAK-SAGE is the Ministry of Defense. Other important cuséosnare defense
industry companies such as ASELSAN, ROKETSAN, TAI, etc. mstitutes of
TUB TAK. The requirements of in-house projects are determined by thiauties
considering the promising areas of technology which will keded in the following
projects. While customer based projects are financed by customéouse projects

are funded by the institute’s own resources.
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3.1.1 Structures in the Institute

TUB TAK-SAGE has a matrix organizational structure which is comgpose
functional and project oriented structures. Functional groups aredoaatording to
their technical expertise. The functional organizational abfaitUB TAK-SAGE is

given in Figure 9. There are mainly three levels in thergmeanizational chart.
These levels are departments, groups and divisions. Therecagepartments which

are composed of various groups. The groups are composed of diffeisians.

Besides the functional organization given above, project teamsfoamed by
assigning different professionals from various departments foh @aoject. A
sample project structure is given in Figure 10. A project mania assigned to each
project by the director of the institute. Each project is congpadeseveral work
packages. For the bigger projects, a group of work packages dogegilter under a
so called “sub-project”. Since the activities performed in pnogect are completely
different than activities in the other projects, the projecicture, the work-packages

and the sub-projects are completely different between projects.

Leaders of sub-projects and work packages are determined byt pnajeagers and
associated functional managers. There are also administiatish technical staffs
(system engineers, configuration manager, project managerepresentative,
quality assurance representative, etc.) reporting direotlyhé project manager.
Owing to the matrix organizational structure and multi-projectirenment of

TUB TAK-SAGE, it is generally the case that project managemsrk package

leaders and other project members may work in other psoject

The functional organization structure is static, but a changdeamoposed by the
director of the institute. After, the proposal is approved by then8e Committee of
TUB TAK, the new functional organization becomes active. The prejeatture is
only static during a certain phase of a project. After a plsasempleted, new work
packages, sub-projects are formed. If a change is requiredydupghase, the change

is proposed by project manager, and it is approved by managbesagpartments.
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Figure 10 A Sample Project Structure

3.1.2 General Information about Ongoing Projects

Numerical information about the projects of the institute forldéise seven years is
given in Table 1. Currently 25 projects (14 customer based.-Aduse projects) are
active in the institute. Generally the durations of the ptsjace 2 to 5 years. The
financial value of the active projects in 2000 is takenhasunit value, and the
financial values of the active projects of other yearsnamenalized using this unit
value. The total financial value of active projects in 200@résater than one million

dollars.

It can be seen from Table 1 that there exist a continuousaserin the financial
value of the projects. The size of the projects can be demesi to be directly
proportional with the project financial value. As the projsi#e increases, the
workforce requirement and the complexity also increases. Thiglegity brings

complex products having greater number of distinct components.
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Table 1 General Numerical Information

Years 2000, 2001 2002 2003 2004 2005 2006

Number of in-house
Projects

12 19 8 8 11 13 11

Number of Customer

Based Projects 13 1 17| 12 8 6 12| 17

Total Number of

Active Projects 25 36 20 16 17 25 28

Contracted New
Projects

Number of New
Products

Project Financial
Values

Number of Workers 174 177 204 241 266 274 301

Number of R&D
Engineers

1.00 | 11.11 11.08| 10.84| 14.98| 20.02| 75.13

85 87 110| 141} 160 16§ 19

N

3.1.3 System Development Process

The system development process is the evaluation of a partivelv system from
the time when a need for it is recognized and a feasible tethaiproach is
identified, through its development and introduction into operationalAisgpical
system development has the following characteristics (AlexamteSweet, 2003).

Requires complex effort

Meets an important user need

Requires several years to be completed
Made up many interrelated tasks
Involves several different disciplines
Performed by several organization

Has Specific budget and schedule
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Since development of a new system has great risks, systetopiment process is
divided into phases in which technology is defined and matured inte\dabtepts,
which are subsequently developed and readied for production. INTABBSAGE,

system development process is divided into four phases which \ae gmely

arranged order as conceptual design, preliminary-design, etktadigsign and
production line qualification phases. Material management beginsonceptual
design phase and finishes at the end of production line quadificahase in a

project.

In the conceptual design phase, system performance requiremems talote
subsystem level are identified, potential system concept§lliigl those
requirements are determined and, functional and physical obastics of the new
system are defined finally. In this phase there is no or mimrevel of production

activities.

In the preliminary design phase, some numerical models and forarelgsepared.
At the same time, some preliminary prototypes are produced siscate performed
with these prototypes. The results taken from these studiesedswved. If the
requirements are covered by the results, then the preliminaignd@hase is

completed, else preliminary design phase restarted.

In the detailed design phase, design gained from previous phakes¢a@ state of
completeness. Tests with prototypes continue in this phase. Asalyisnulations,
designs are detailed in this phase. After ground tests with ppe®®re completed,
flight tests are started. In these tests, performandeeqgbrbtotypes is measured with
respect to military standards.

Production line qualification phase is included in some of the psoggcfUB TAK-
SAGE. This phase is for the validation of the production capabilitheffacility
designed and/or developed specifically for the needs of the projeetpersonnel,
materials, items, specific purpose tools, manufacturing presgessst, storage and

transportation capabilities required for production of the end produgthdated to
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be adequate and appropriadequalified and validated production line is prepared in

this phase.

In each phase of the system development life cycle, variomss iteuch as
system/subsystem specifications, design reports, technical ndigwinstructions,
softwares, tables, engineering and production documents are prepardese
phases, various prototypes and components are produced by utilizing these
documents. Especially, towards the end of system developmentytife, a great
number of developed systems and their components are neededidation tests.
Besides, in the production line qualification phase, numerous ppe®tyare
produced to validate the production line and the end products so thatrzbth e
product and the production line have desired quality. Furthermorenecessary to
deliver definite number of prototypes and their subsystems to custorineample
prototype deliveries to customers are specified in the projettact. Generally, the
systems and subsystems mentioned above are produced by seleciedsswgiple a

limited number of components are produced in-house.

3.1.4 Components Production

In the “Preliminary Design” and “Detailed Design” phases ofquts, components,
subsystems or systems are designed by project staff workingsigrDEngineering
Department, using tools such as AutoCAD, Unigraphics, Mechabieaktop or
similar design or analysis software packages. Due to the rddttive projects carried
out in TUBTAK-SAGE, these components, subsystems and systems are

nonstandard, one-of-a-kind and complex.

The designs made by design team are then passed to projectrsyemnibéng in the
Product Engineering Department which is responsible for the n@&uarifey of the
designed components. These components are generally of mechalgicabnic,
chemical, composite, pyrotechnic, etc. type. Generally, thepooents are

manufactured by selected suppliers, then subassemblies andaisainbly is
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performed in the institute. Data of processes performed @maanent is stored in

MS Excel documents. A sample process list form is giverpipefdix A.

The components delivered by the suppliers are subjected to qualitplcby the
Quality Control Division. Components are measured and controlled dacgoto
technical documents (drawings, technical specifications, sougontrol
specifications, etc.). All measurements are recorded intguadintrol forms and
reported to the associated project personnel. A Quality Control Sogimen in the
Appendix B. Components are classified into seven different groupsrrirs tef

quality. These are given in Table 2.

Table 2 Class of Iltems According to Quality Control

Components complying with technical documents.

Accepted . : .
P This class of item can be used in assembly and tests.
Components with some or all measurements are out of bound.
Improper This kind of items cannot be used unless they are further
evaluated and labeled as “Conditionally Accepted”.
. Components with some measurements are out of boundary but
Conditionally . L
the rest of measurements are in boundary. Usage of this kind
Accepted : . ) ;
of components is permitted under defined circumstances.
Scrap This class of items cannot be used in tests and paicti

Valuable Scrap

Although this class of components is scrap, they may be
for specific purposes. Therefore they need to be stored.

used

Trial

Components in this class are the ones produced for te
purposes in the initial phases of projects.

2sting

No Need to
Quality Control

These components are standard parts and can be used in
production.

test or

The component is labeled as “Accepted” if all measuremeatfoand to be in the
tolerance band defined in the technical document. This classngbonents can be
used in any test and production. If at least one measurementisthetgiven range

for a specific component, the component is classified as “Ineptophis class of
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items are detached from the production batch and placed in alspe@ prepared

for improper components, in order to be evaluated in detail.

A board, which is named as “Material Review Board”, is coestéd to evaluate
improper components. The members of the board are the pelsomakes quality
control of the component, the project manager, the sub-projeager and/or the
work package leader of the related project. The board classifigoroper
components further to be used in production and tests. The board cde theti
some improper components can be used in productions and tests under
circumstances. These components are labeled as “Conditionakpied”. This type
of components is evaluated again before usage in terms of pemfwrfa a test or
production. To decide the effects of improperness on component pancem
related work-package leaders, sub-project managers and progeeger come
together and decide whether the component performance is supposedfected a
by the improperness. If it is decided that the impropernessbtiasevere effects on

components performance, those components can be used in tests.

Material Review Board may also decide that an improperponent cannot be used

in any tests under any circumstances; these items aredasel&crap”.

Standard or commercially of the shelf parts and materialp@rchased and they do
not need any quality control. These components are generally ceniece the
institute with Quality Control Forms prepared by producers. Theses are labeled
as “No Need to Quality Control” and this type of components carséé in any test
and production.

After most of the components are used in tests, they cannasdukin any other
tests. However some of those components can have high valafteethey are
used and these components are required to be kept in stores. Thisdgp®wonents
is labeled as “Valuable Scrap” and they cannot be used inaedtgroductions.

However, these components can be utilized in areas suairasgr illustration etc.

22
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Some components are produced as trial for productions. The purpose of producing
those is not to utilize them in products or tests. The qualittyeoproduction is tested

with these components. If the components are not produced in requigdity,
components with higher quality are required from the suppliers. fipie of

components is labeled as “Trial”, and they cannot be used snatledtproductions.

Produced components are put in stores in the institute. Each haterdifferent
places, called as cells, to put those components. The sterspemialized according

to components types. While mechanical components are stored in oee stor
chemicals are stored in another one. There are also smaiinarof explosive
materials and these are stored in highly secure storesavéntory list is kept for
each store. In this list, component, amount, and inventory entryofldtese are
listed. A sample inventory list is provided in Appendix C.

3.1.5 In-House Production Capabilities

Since the organization is engineer-to-order, diversified manufagtand chemical
processes are needed to produce items. However, in-house productibititiespa
are limited and only small portion of items can be produced il simlames. In-

house production capabilities are as follows:

Traditional Manufacturing Process
Turning Operation (CNC)
Milling Operation (CNC)
Drilling Operation

Band-saw Operation

Non-Traditional Manufacturing Process
Electric Discharge Machining (EDM)
Computer Aided Manufacturing (CAM with Unigraphics NX-4 softeja
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Chemical Production Capabilities

Composite Solid Rocket Propellant Development and Prototype Production
Casting

Plastic Bonded Explosive Development and Prototype Production
Casting
Slurry
Powder Compaction

Flexible Linear Shaped Charge Development and Prototype Production
Slurry
Shape Forming

Thermal Battery Development and Prototype Production
Dry Mixing
Fusion
Cold Pressing

Pyrotechnic Igniter Development and Prototype Production
Powder Coating
Precipitation
Powder Compaction

Inert Warhead Chemical Composition Development and Prototype Risoduc
Powder Coating
Powder Compaction

Incendiary Material
Powder Coating

Precipitation

3.1.6 Configuration Management

The development of a complex new system can be divided into & séiséeps or
phases. In each of these steps the system characternistsfimaed as more specific
system requirements and specifications. The integrity andncitgtiof these phases

could be done by configuration management process (Alexander aetl 30&3).
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A broad definition for configuration management is given by H2663) as unique
identification, controlled storage, change control, and stafusrtieg of selected
intermediate work products, product components, and products during tloé dife
system. A system component which physical and functional propargegoing to

be identified separately is treated as configuration {{€1) at TUB TAK-SAGE.

A narrow description of Configuration Management applied to Defepsei8s is
given by Kockler et al. (1990) as an integral part of systermeagng management
process for system definition and control in which the configurationagement
roles are defined as identification of functional and physicaiacteristic of selected
system components, controlling changes to those characteristimsrding and
reporting change processing and implementation status. The gaithe states
functions of configuration management as (1) Configuration Ideatifin, (2)
Configuration Control, (3) Configuration Status Accounting and (4) Confiigura

Audit. At any given time configuration management can providerii®n of Cls.

At SAGE, unique identification is realized by the Document CGeloyethe help of
project configuration manager. The process for unique identificaiarts with
preparation of a new document. Documents can contain either emngines
production information and they are classified by usage areas.e Vébine
documents are prepared to describe parts used in the end produetepgv
products under projects) or product components, some other documents amedprepar
to describe auxiliary parts which are built as tools or equipnmermdsder to produce
the end products or product components. For all type of documents thespobtiee
unique identification is the same. A new document is preparedadetet by the
unique number given by Document Center. The document goes tadrplaject
manager, subproject managers and work package leaders forapumdvcontrol.
After the document is prepared and approved by managers and |d2aleusent
Center personnel notify all workers in the institute that the dootimeofficial and

can be used and referenced at anywhere.
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The unique identification number is formed from three parts. ifbiegart named as
prefix shows the document class and the length of this partae itgits. An
example for prefix codes are “050” and “501”, the number “050” isd ufee
engineering documents containing technical information about singleameah
unit. Numbers from “501” to “550” are used in production documents toridesc
chemical processes. The second part is six digits long anded base number. The
number is used for linking configuration related documents to Clslosuments of
a Cl have the same base number. The third and final segmergagsdigits long and
it is called as suffix code. This code represents thatami from the Cls. If there are
two variations of the CI, “001” and “002” can be added as suffix todke end of

base number to represent each variations.

Controlled storage is realized by unique identification number with ptdxduch (or
lot) and serial numbers. At the institute, there are cuyré¢hiitteen stores and each
store is managed by a single manager. Each manager kedpséhtory list of his
own store. Using this list, amount of the parts available in etmie is calculated
manually. Every item entering stores gets product lot andl| seuimbers. To
consume or use a unit of item from store, everyone mushffinaentory exit form”
and the store manager drops the level of inventory by usagenanBy this way, the

level of inventory records is kept up to date.

At SAGE, each item except procured parts and materialghines distinct set of
numbers. Every item is produced or assembled according to a docuhhent.
document unique identification number given by the Document Centerojacipr
configuration personnel constitutes the first set of number. Feny éatermediate

work products, product components, and products coming from the same production
lot, a tree digit number is given to identify the lot. This numbenstitutes the
second set of numbers. The last set of number is called iab rs@mber and it
composed of three digits and it is given incrementally to evetyiruthe lot. By the

help of this set of numbers, controlled storage is acconeplish
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Change control is a formal process to ensure that the changeroduat, service or
process is done in line with the needed modification. In this fopradess, the
impact of change is evaluated, and potential risks to dv@rstem are considered.
Work products are evolving through initial concepts to final produntshé initial
phase of this period, change on work products is done by revision cuountici
allows making changes rapidly. Revision control quarantines safegy ackup
copies and this provides a measure of control. At the end of itied phase, the
work product reaches to an acceptable state of completenesss finie, the work
product is accepted after a formal review and formal accept®mee a formal
acceptance is done, no changes are permitted without formalecbantol. Formal
change control with underling revision control procedure provides aureaf
stability. In this way, any changes to an accepted work prodectcarefully

proposed, assessed, accepted and applied (Construx, 2006).

At SAGE, any change to a system component is requested by Emgin€hange
Proposal form. Any change proposal is evaluated by Configuration C@uant.

This board is unique in every project and it is establishegv&duate changes to
system components in terms of operational effectiveness,scbsidiule, production

and risk to system. The board can accept or reject tegelproposal.

Status reporting of each Cls is done by configuration status lieseTlists are kept
for each CI and each list shows the changes on each CI. Thkerlisins revision
date, the person revising the document, the revision numbereaisibon reason.

Change tracking could be done on CI by using the CI status list.
3.2 Problem Definition

TUB TAK-SAGE develops diversified prototypes for different custontarsugh

R&D activities. Each customer has different requiremdot each prototype. Since
these prototypes are customer specific, completely differehtuaique prototypes
are developed for each customer. For instance, while a syldeetoped under a

project is mostly based on electronic and software componentsteansgieveloped
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under another project can be mostly based on mechanical and chpiote
components. The component variety in the institute is inaledyedeveloping
customer specific prototypes. Currently, there are tweng-fimgoing projects in
which each one has its own customer specifications. Each pt@sceffects on
component variety and the number of distinct components in thduiesis
increasing with each project undertaken. Besides, componem®tasgandard and
they are developed and modified in time. Therefore, there areroumversions for
each component. Table 3 displays the number of different compondbts istores
excluding versions of each component. The number of projects and their
complexities increase day by day with a parallel increasehe number of
components. The increasing number of components and continuous miodifaat
these components causes problems related to material mamhgéiaeh sub-

problem is enumerated in the following paragraphs.

Table 3 Number of Distinct Components

Stores| 2002 2003| 2004 | 2005| 2006
Store 1| 253 | 293 | 378, 479 576
Store 2| 241 | 284| 306, 351 394
Store 3| 213 | 259| 382| 468 597
Store 4| 94 82 89 90 28

Various components have different characteristics and they caiireedifferent
storage conditions such as specific temperature, humidityradeatic ground. This
causes different stores to be built for specific group of compon€&€htxe are
currently thirteen stores in the institute and a managesigresl for each one. Each
manager is required to record entering and exiting dates ofceacponent in the
store. Inventory lists are kept in different files for eatdres The files are prepared
by word processors. To build a CI for a test, inventory listhiftérent stores have to

be checked to find required parts. In addition to this, configuraitts have to be
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checked to make sure the last variants of items is udesbeTfiles are stored as

unlinked lists, causing inconsistencies.

Inventory lists are kept manually which mainly causes thewatlg problems: These
data are recorded by different managers, hence the data dreguutd quality for
calculation; while some quantities are stored as numeric ferwitghout units, some
guantities are stored as text with some notes. Therefore, sorhasrte work on
these lists to calculate component quantities manually. Besitle lists do not
always have current inventory information. Therefore, the commpanentities are
not readily available and someone has to check amount of componengsstore in
a traditional way. Therefore, many problems in projects haee bealized to find

available and used components.

Production period of a product or component is ranged from days to ybais w
usually managed by project phases. In each phase, components alupedeve
systems are improved considerably. On one hand, components héamentif
variants, on the other hand the end products have different garaméiriant can be
differentiated from the original item in many ways anditdl ¢ycle of those variants
are required in R&D activities. However, these datakaet in different files and
formats. The information in these files cannot be usedyeasd takes considerable

time of workers.

BOM is used for listing required components and their quantitiesiregtjfor a
prototype system or subsystems. Since the configuration of a protstgpe static,
each change in the prototype structure causes a different RONE tcreated.
Modifying the whole system’s BOM can require a great effthierefore a
prototype’s BOM is divided into many manageable subsystem BOM#this way, a
small BOM for each subsystem is created separately amdchange is carried out
only on the related subsystem BOM. However, this process sreateerous and
unlinked BOMs to exist in the system. This makes the caloulatif material

requirements for a prototype production a complex and problematic task.
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Time estimation for prototype production is a challenging issusest is necessary
to calculate required number of components, time required to ol#aking
components and when these components are required. To produce a probetype
lowest subsystems must be produced first, other subsystemsseenbled in the
order which is given in product tree. As doing planning, inventory tmeisthecked
for available items. The planning of this type of production ndeds level of
information flow between departments and requires a flexible trackfogmation
system. At SAGE, the current information flow is probleméa&ue, since data is

kept separately between divisions and data flow is manuahaafficient.

In R&D projects, BOM is changing continuously until the end of projétte
components quantities are relatively small when it is comptretiake-to-stock
organization. However, contrary to make-to-stock organizationgaimponents are
modified and the components varieties are relatively high. GUERP packages are
designed for make-to-stock organizations which make repetitieeuption of
relatively small number of products. Therefore, these ERRagas cannot meet the
requirements effectively in engineer-to-order organizations &aenal management

purposes.

R&D activities require a great numbers of tests and prototypel@@ments which
require variable sized batch production of non-standard componeintse S
components are changing continuously, components cannot be produceddinstore
large amounts. If a component fails or cannot meet requirertentse test, whole
batches that component came can become useless or they haveetvorked to be
used. To be cost effective, small sized batch productiondes dhosen previously.
Since components are non-standard parts, lead time to acquirethgsenents are
generally long. Therefore, components have to be ordered aitoedéfore they
are needed. For this reason, acquisition of these components muanbedpin a

good way.

Configuration management is applied within projects. To reatiaefiguration

management, information is kept separately in differens lend formats. For
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instance, KNAL (given configuration number list) is utilized fisting components
of prototypes in product tree view. A sample KNAL list isegivin Appendix D. In
this view, no quantity information is kept. The required quantitgrmation is kept
in a different file that represent product tree in graphrea tormat. These files must

be linked to each other for calculation of material requenmis

Therefore, the data about configuration management and invem@anagement
should be kept in a suitable and manageable way to be availablaaterial
management in prototype development. A system is required tosacoesistent
information faster. An information system can be valuable andatréci both

integrating information consistently and accessing this infooméaster.
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CHAPTER 4

PROPOSED SYSTEM

An information system is designed to store and integrate data ebtwoifiguration
management and inventories for material management purpose iortheof a
product tree structure. The designed system has four modules. Theesnaddl

relations among these are given in Figure 11.

Documentatiorﬂ | Product Tree
Module J | Module

\ 4
Inventory | .| Storage
Module [ | Module

Figure 11 Integrated BOM System Modules

The documentation module is used for defining and managing information about
documents. In order to define documents, the module does not nedoamgation

from other modules. The storage module is used for defining storeskpthces in

each store. Items in each store or cell can be viewed @odvies this module. The
inventory module uses information provided by storage and documentation module
to enter items into the system. The module needs cell iat@m provided by
storage module to place items. This module is accessible thsetoigage and product

tree modules. The product tree module uses information provided by doatiorent
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module to define products. The basic assumptions for the propcgedsyre given

in the next section.

4.1 Basic Assumptions

In the proposed system, some basic assumptions are needed d@onratial
management explicitly. The assumptions can be divided into twgarés. The first
group consists of assumptions related to time. The second group ooiist

assumptions related to material management in prototype praalucti

Time Related Assumptions:
Time needed to perform each process is required to be known and can be
represented as a linear function of quantity. This assumptionimjdies that
each process has a standard duration which is required to be fstabl one
occasion to the other one.
Times needed for assembling Cls are assumed to be known antiecan
represented as linear function of quantity. As for the proamgsassumption, the
assembly time is required to be stable from one occasithre tother one.
Lead times for procuring components are required to be known and can be
represented as a linear function of quantity. Besides, anpemwaf components
can be ordered at the beginning of the planning period.
All processes related to each Cl are defined in theeckldbcuments. Time
needed for performing undefined processes is assumed toober zegligible.
Documents can have more than one version. Since processes inedl dief
documents, processes have also different versions. Time needaeiforming

these processes is assumed to be the same.

Material Management Assumptions:
Unless all required Cls, parts and components required for ee@loa obtained,

assembling of the Cl cannot be started.
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The processes required to produce a Cl are needed to be perfornegtbsn s
After a defined process is completed, the next process musstared

immediately.

4.2 Model-Base of the Proposed System

4.2.1 Documentation Module

The first step in the integrated BOM system is to define deotsn Only
information about documents those are especially prepared far€lseeded for
material management. The module stores and manages documentird@mation
not the document itself. Once information about a document is énteeedocument
can be used across different Cls and different projects. $ivecenodule keeps

information about documents, the module can be named as the addibbnaey.

Since each document can be revised in time, it is needecpoiki®rmation about
the previous versions of the document. The first reason for tikge exist
components which are produced according to previous versions of the doéamen
the system. These items are accessed by the document aretsiom wumber in
other modules. The second reason is that, a different version nfwnkibe new
document must be given. The latter reason implies thataversion number must
be compared with the previously given version numbers for a dotuifigerefore,
the module keeps all the information about previous document versionsased it

available to other modules.

Since the module controls and manages information about documents gledaléy
checks are required to be done before new documents or version of aedbcsim
added to the document library. The first check is done when adding datement
into the document library. The check controls whether the requirednafion about
document which are the document number, the version number and thefrizume
document are supplied. The second check is done when a new documend ivadde

the document library and it checks whether any document is guldeidusly with
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the same document number. The final check is done when a newnvéssia
document is added to the document library. This check assurebdtsgtme version

of a document is not previously added to the document library.

4.2.2 Storage Module

The second step in the integrated BOM system is to definessaackecells in each
store. Stores and cells are defined mainly by using their nAfter. stores are
defined, cells in each store can be defined. Cells can belfalsox or any place to
put items. Stores and cells are defined similarly and thes@dve similar properties
such as width, length, height etc. but there are great aliifes between cells and
stores. The first one is that stores can have many celi<ells can not have any
other places. The second one is that, parts and components aregdls inm stores.
Parts and components cannot be placed into stores without supplglhg c

information.

The module is designed for store managers. The responsible méoragetore can
use this module to access available parts in the storetérhe in a cell can also be
accessible from the module. Not only the available itemsbeaaccessible, but also
the used items can be accessed. The module uses inventory nmdateess
information about available and used items in stores.

4.2.3 Inventory Module

The third step in the integrated BOM system is to enter gem#oamation about
components. A CIl exists in the system as a component on which as$risce
performed last. Therefore, each process related to Cléimeden this module. Each
process is explained in a related document. The document and versibarranam

used in this module to enter component properties.

After components and processes are defined, each unique compaméet entered

into the system. Components are put in the defined stores andirceiterage
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module. Components can be entered into the system one by one, ndulidake
considerable time. Therefore, the module also provides an optionetoiems with
the same properties as a whole. Whether the items aree it the system one by
one or as a whole, the module creates a record for each uniquensmm@ince
components in the same lot have similar properties, these contp@a® be entered
into the system by giving a range for serial number. For eactbewin the given
series, a record would be created. If the items in the datmbave different
properties like different quality result, these properties banchanged after
components are entered into the system. As for the entering componi the
system, components can be used one by one or as a whole. The degtm®d s
takes the repetitive work of entering and using components from thatase and

shortens the required time for these operations.

The module requires some information about the components to be dnyettesl
operators. Therefore, the information provided is checked befang ketered into
the system. The first check is done when entering general iafiomm about
components. The module checks whether the document related withntipereent
is entered in documentation module previously. If the document is noedefi the
documentation module, the operator cannot continue. The second shdoke
when components are defined. When components are entered inistia, sthe
system checks whether the component was entered previousltheSsystem
prevents entering more than one record for the same componeriindlheheck is
performed when the components are used. The check controls quendtiiy the
component is not available in the system, the module does not tiéowser to

continue.

The lists for available and used components are kept separatkiy module. When
a component is entered into the system, it is added into aeapabis list and the
amount of inventory for that item is set to given amount. When g@acoemt is used,
the level of inventory for that component is decreased by the anusedt This

amount is added into used part list and available pars ligidated accordingly.
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4.1.4 The Product Tree Module

The main function of this module is to maintain a product tree foln @aoduct.
Bertrand and Muntslag (1993) proposed historical and project BOMs for engine
order organization. These two BOMs are utilized in this modutelURt tree has as
a structure like multi-level BOM similar to VPC proposed Hged et al. (2001), but
product tree is composed of Cls which require components and procismpd
items. Since each product is developed under a project, producatecemintained
under projects. In some projects, there are some variants ofpmaluct which are
developed for mainly testing and measurement purposes. Producfdrebese
variants are also maintained along with main product treelisnniodule. This
module can create product trees for variants (variant pro@#jtusing product trees
which are maintained for main products (main product tree). The ma@du use
main product tree in time to create variant product treesr Aftariant product tree

is created, it can be modified without affecting the othedpct trees.

The operations on product tree can be divided into two groups. Thegrfosp
contains editing operations which are used for adding, deleting anchgnGis in
multi-level BOM structure. The second group of operations cantdimking
operations which are used for linking elements in other modules td ¥sequired
processes and components, which are defined in documentation andrinvent
modules, are linked to the related Cls. After processes&esllto related Cls, order
of processes to produce Cls can be specified. The other linkingtiopers for
predecessor type relation. In order to produce a Cl, a group 6 €&guired to be
completed previously. This group of Cls can be linked to the for@leas a

predecessor.

This module uses information entered from storage, documentatiomardory

modules to calculate material requirements and time requirgadduction. In order
to calculate material requirements, required Cls and thguirnedl quantities are
calculated first. To do this, product tree is traversed stpftom level zero (level of

the main or the end product) to the last level. The main produntityuis given by
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the user. Quantities of Cls in level one are calculated. &s in level two are
calculated next by using quantities in level one. This procedurg@pked until
required quantities of Cls in the last level are calculagdter Cl quantities are
calculated, the required quantities of components and process pelfilems are
calculated. The module uses a network based model to find timeechded
assemblies and subassemblies. The network model is explainedpterciine by
illustrative example. Since the module can use information eshtieom inventory
module, available quantities for components in stores are displaigh required
guantities. The lack and excess amounts are calculated usingigaaftivailable

components and required.

A main product tree contains many Cls and their product trees itiypli€he
module can extract a product tree for each one of these Cés.pkéiduct tree for a
Cl is extracted, the module can calculate material reménts and needed time for
the CI using the extracted product tree. The same procedurddaliatian is applied

to the extracted product tree.

Since the end product and the other items in the product tredl &s, any change
in the product tree is required to be recorded. Therefore, ehiiigeand linking
operation is recorded with event time. Using these recordsjddale can create and
reach the product tree and its links with other modules at anyipdime. The new
product tree is created as a variant of main product treeh&onpodule keeps only
one main product tree, and can reach to all product trees (his®@d4as) in time
without storing much data. In the traditional methods, all versibpsoduct tree are
stored with the required documents’ information. Therefore, @ greaunt of data is
stored in the traditional method. The designed system decreasasdhat of data

stored for product trees by creating or reaching them dynamically.

The module requires from user to enter Cls in the product breegtjuired processes
and components to produce each Cl. Therefore, some checks aredéqguie done
before entering information into the system. The module does put aflers to link

a process or a component that is not defined in inventory modfihiée precedence
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relations are being defined, the module checks for cycling. yitleng case is given
in Figure 12. In the figure, each one of Cl 1 and 2 are requiregroducing Cl 3
and these Cls cannot require Cl 3 to be produced previously. Thecessdr links

displayed as dotted lines in Figure 12 creates cycling.

Configuration .| Configuration .| Configuration
ltem 1 - Item 2 - Item 3
| * _ -7

p— -
e —— _—— —

Figure 12 Cycling Relations

4.3 Database

The proposed system needs to reach and manage great amount abal#ta
documents, components and product trees. Therefore, a relatioabhsiatusing
Microsoft Access is designed as a basis for the proposed systen performing
some checks on user provided data, the system enters data tabldee in the
database. The system uses data in the relational datahdsealaulates material

requirements and then makes time planning for any CI production.

To design database, entities in the system are deterrisedrhe main entities in
the system are:

Stores

Store Cells

Items

Documents

Document Versions

Projects

Product Trees
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Product Tree's Versions
Product Tree’s Variants

Variant's Versions

The one-to-one and one-to-many relationships between entities ermidet next.
According to determined relationships, the entity-relationshipraimgs presented in
Figure 13. The relationship diagram provided by Microsoft Acdessdesigned

database is given in the Appendix E.

4.3.1 Database Tables

The tables in the designed relational database are:

Projects: All Projects completed or continuing are stored in this talbies Bble is
composed of Project Number, Project Name, Project Start emelcPFinish fields.
The primary key for the table is Project Number field.

Document Scopefocument scopes are defined in this table. This table is cothpose
of Scope ID and Scope Name fields. The primary key for the tal$cope ID field.
Since Document Scopes are stored in table, any new scope canrkd eritethe

system without any change in the proposed system coding.

Document Typedocument types are defined in this table. This table is cordpdse
Type ID and Type Name fields. The primary key for the tabl€ype ID field. Like
Document Scopes, any new document type can be entered into the sygteut

changing proposed system coding.

Documentsinformation about documents that are especially prepared for production
of Cls is stored in this table. This table only holds the infamnaabout the last
version of documents. The table is composed of Document ID, SBogeype ID,
Document Number, Version Number, Document Name, Preparatiommdearson
Prepared, Preparation Date, Preparation Note fields. Thergrkags for the table

are Document Number and Version Number fields.
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Document ChangedVhen a document is required to be changed, a new version of
the document is prepared. Hence, this table holds information abciutersion of
the documents which are defined in Documents table. The tabtenigosed of all
the fields of Documents table and additional two fields whichEaent Type and
Event Date. The primary keys for the table are Event TygeEvent Date fields.
There are three values for Event Type field which are Add, tépfad Delete. When
a document is added to Document table, the proposed system adsds rédue
document as Add Event in Document Changes table with timeeoévlnt. If the
document in Documents table is updated, this event with the dotinf@mation is
recorded as Update Event. The last event occurs when a docuni2otuments
table is deleted. This table is required since when a deaum Document table is
updated or deleted, the information about a document before event is kst
table and the information about updated and deleted documents isthahdbthe

system can reach information about these documents by usinatieis

Quality Results TypesSome items are required to be controlled in terms of their
guality. This table provides type definition to these items.s&hypes are not
included in proposed system coding and are defined and taken fotalild. Hence
when a new type is required to be defined, the type caddesldo this table without
changing proposed system coding. The table is composed of Code, i@efant
Type Note fields for quality result types. The primary keythe table is Code field.

Item PropertiesGeneral properties for items are stored in this table. Wimclion
between components and process performed items is made in thisS@ainle items
are needed especially for a specific project but can be useg praject. Therefore,
the default project value for items is stored in this table table is composed of
Type, Project Number, Item Number (or Document Number), IMame, Unit,
Compatibility Class, MSDS number, Hazard Class, Iltem Neéteed Day Required
(for each order to obtain item), Slope Day Required (additiona tovobtain each
unit of item), Enter Date (when Item Definition entered into #ystem). The

primary key for the table is Item Number field.
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Stores:Storage information is kept in this table. The table is compok&dore 1D,

Store Name, Store Manager, Open Date, Close Date, Maxidsage Area, Store
Note, Height, Width and Length fields. The primary key for thiele is Store ID
field.

Store Cells:The places in stores are kept in this table as Store. Gélés table is
composed of Store ID, Cell ID, Cell Name, Cell Capadig]l Type, Cell Note,
Open Date, Close Date, Height, Width and Length fields. Threapyi key for the
table is Cell ID field.

Items Available: Available items in the stores are recorded in this table T
proposed system requires Item Inventory Property, Store andn@elihation to be
entered into the related tables previously. When the itemsise®, the quantity
values for items are decreased. If quantity of an itedecseased to zero, the item is
deleted from Items Available table. The table is composedap&®rNumber, Item
Number, Version Number, Lot Number, Serial Number, QualityuR&3ode, Cell
ID, Quantity, Production Date, Due Date, Work Order Number, Bublgenber,
Inventory Enter Date, Inventory Note fields. The primary keydHertable are Item
Number, Version Number, Lot Number and Serial Number fieldsit &f the items
are stored in Item Inventory Properties table. The user isregio enter item

guantities in terms of entered units.

Items Usedinformation about used items is stored in this table. Only tmesitie
Iltems Available table can be used. The table is composed@cPNumber, ltem
Number, Version Number, Lot Number, Serial Number, QualityuRé&3ode, Cell
ID, Quantity, Production Date, Due Date, Inventory Work Order Numlee Work
Order Number, Budget Number, Inventory Enter Date, Inventory ExieDtems
Used By, Inventory Note, Inventory Use Note fields. The prinkays for the table
are Item Number, Version Number, Lot Number, Serial Numberrarehtory Exit
Date fields. Like Items Available table, unit of the iteams stored in Item Inventory
Properties table. The user is required to enter used item tipgirtiterms of entered

units.
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Product TreesThe table contains product trees and variant of these produst tree
prepared for each project. There is at most one main produdbtreach project.
The table can contain any number of variant product trees for fsojde proposed
system can create variant product trees from project main grodac The table is
composed of Project Number, Variation ID, ID, Above ID, BelbyLeft ID, Right

ID, Product Tree Number, Item Name, Base Number, Quakiigd Day Required

(for assembly operation), Slope Day Required (for each assespbhation), Start
Date, Item Note fields. The primary keys for the tableRPamgect Number, Variation

ID and ID fields. Product Tree Number is used for locating an@e product tree.

To manage product trees and form Product Tree number the liBsvekplained

below are utilized:

ID: A Clin each product tree has an ID number. This number is uniqubed
can be identified by this number.

Above 1D Any number of Cls (child items) can be required to produce another C
(parent item). The ID of Parent Item is stored as AbovenlEhe child Items’
records.

Below ID: When the child items are sorted and indexed starting from onef 1D
the child item with index value one is stored in the parent geecord as Below
ID.

Right ID: There can be more than one child item in any level. Thatitot of
child item in the level can be specified by the help of Right dalbe. When the
child items are sorted on a line from left to right, there wdnd one child item at
right of each child item, unless the child item is locatechatright end of the
line. The right ID value of each child item record contains othdd item’s ID
which is located closest right of each child item.

Left ID: The left ID value is utilized with Right ID value to locatkild items in
any level. When the child items are sorted on a line frontdefght, there would
be one child item at left of each child item, unless thklétem is located at the
left end of the line. The left ID value of each childniteecord contains other

child item’s ID which is located closest left of each dhiem.
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When the child items for each parent item are sorted on aidiimg left ID values
and indexed starting from left to right, the product tree nunche be formed by
adding index value to the end of parent item’s product tree numbesepadating

index value and product tree number by using one dot.

Product Tree ChangesThe proposed system stores any editing operations
Product Trees in Product Tree Changes table. The table is cetnpball the fields

of Product Trees table and additional two fields which are Evgpé Bnd Event
Date. The primary keys for the table are Event Type and Bwetetfields. There are
five values for Event Type field which are Add, Update, Delbteve Add, Move

Delete and Version Add. Add, Update and Delete values are)xg@dnatory. When
a user moves a Cl in product tree, two records are stored in Pio@ecChanges
table for this moving operation. The location where the Cl monged fs recorded as
Move Delete event, and the location where the Cl is moving tecorded as Move
Add event. The Version Add event stores the current time to ProddeetChanges
table for one product tree when a user adds a version. Aftexvihig is performed,
version of product tree is increased by one. The proposed systeravests and

event times in this table to create a variant of a prodeet t

on

Product Tree VariationsGeneral information of each created variation for a product

tree is stored in this table. The table is composed of Prdjgmber, Variation 1D,
Variation Name, Variation Date (create time of a g and Variation Reason
fields. The primary keys for the table are Project Number aauibton ID fields.
The table stores also general information for each main pragectTthe zero value
for Variation ID field is used for main product trees. So, whesex wants to create
main product tree for a project, the proposed system checksvfiether there is a

zero value in variation ID field for that project in thiblea

Configuration Item RequirementsThe proposed system stores documents,

components and processes which are linked to Cls in Configuraten |
Requirements table. The related documents, components and preces$efined in

other tables. This table only holds linking information supplied byrigkiperation
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on Product Trees. The table is composed of Project Number, tigaritD,
Configuration Item ID, Required Item Number (Item or Document bemn
Quantity, Order Number fields. The primary keys for the tabdePapbject Number,
Variation ID and Configuration Item ID fields. The order of msges on a Cl is

stored in this table by using order number field.

Configuration Item Requirements Changedl changes in Configuration Item
Requirements table are stored in this table. The table ipas®d of all the fields of
Configuration Item Requirements table and additional two fieldelware Event
Type and Event Date. The primary keys for the table aratEwgpe and Event Date
fields. Event Type can be one of Link, Unlink, Update, Move Up angdvDown

values. Link, Unlink and Update values are self explanatory. Tther af process
given in Configuration Item Requirements table can be changedi Wheocess is
taken to a prior place in the order, this event is recorded as Mpwevent. When a
process is taken to a succeeding place in the order, this evestiorded as Move

Down event.

Configuration Item Predecessorshe Cls which have to be completed previously to
produce other Cls are stored in this table. The table is compo&edjeét Number,
Variation ID, ID (of ClI), Predecessor ID (ID of CI whidimve to be completed
previously) fields. The primary keys for the table are Ptdjeenber, Variation ID,

ID and Predecessor ID fields. The values in this table sed udhen planning

network is being constructed.

4.3.2 Normalization

Normalization is the restructuring process of the logical daddel of a database.
With this process, redundancy can be eliminated, data can bezedaifiiciently,
repeating data can be reduced and the potential anomalies datengperations can
also be reduced. Data normalization can improve data consistedcgiraplify
future extension of the logical data model (Wikipedia, 2006). Theralifferent
levels of normalization which are named as normal forms. Tip@resments of the

first three levels are as follows:
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The database is in the first normal form if following araired:
Each table has primary key.

Repeating groups are eliminated.

The database is in the second normal form if following arézeshl
Requirement for the first normal form are met.

In this normal form, each column must depend on the entire prikesry

The database is in the third normal form if following areizedt
Requirement for the second normal form are met.

Each column must depend on directly on the primary key.

The developed database in the third normal form since, no negeatumn exists

and all columns depend directly on the primary key in thedable

4.4 User Interface Design

In the previous sections, the modules and database tables in ¢hepeevsystem are
explained. The general flowchart for the designed systagives in Figure 14. The
user interfaces provides an environment for users to managendtthlés when

performing defined operations.

Store Definition is entered from store module. The operation edédesinto two
tables. The defined store is entered into Stores tableopértion creates also a
blank cell for the defined Store. The blank cell informationtasesl in Store Cells
table. If a store has any cell, item or used item, thesttire cannot be deleted from

the designed system.

Cell Definition is entered from store module. In order to ecédirinformation, first a
store for the cell must be provided. The defined cellstared in Store Cells table.

If a cell has any item or used item, the cell cannot betefbl
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Defining Stores Defining Document Defining Projects

U7

v v v
Defining Cells Defining Item Propertigs| Defining Product Trees

\ 4
Material Requirement
v Planning

Adding Items

A 4
Time Planning for
Production

A 4
Using Items

Figure 14 General Flowchart for the Designed System

Documents are defined in documentation module. The operation uses Dtxumen
and Document Changes tables. When a new document is being defieed, t
document information is added into Documents table. The Documenlsas a
recorded as Add Event to the Document Changes table. After a dociswefined,
document versions can be entered into the system. When addingeatdoversions,

the document information in Documents table is updated, and theorversi
information is added into document changes table as Update Evdatufnent can

be deleted from document library, but information about the deleted éntwan be
accessible from Document Changes table. When a document igddéiem

document library, the document cannot be revised any more.

After documents and projects are defined, the user can didine properties
including process information from the inventory module. The defitesi are

entered into Item Properties table.
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After item properties and cells are defined, the itenmsbeaadded into the designed
system. Inventory module is designed for Adding Items to themy#tdded items

are stored in Items Available table.

After Items are added into the designed system, the addesl d@mbe used from
inventory and product tree modules. Using Items operation utilieess|Available
and Items Used tables. When items are used, quantitiesntd dre decreased from

Items Available table. The used amount is added into lteses thble.

After documents and projects are defined, product tree module ecarsdal for
defining product trees. This operation uses Product Trees, ProdetChanges,
Configuration Item Requirements, Configuration Item Requiren&minges and
Predecessors tables. Main product trees or variants of thedacpitrees are all
stored in Product Trees table. Changes in main or variant privdastare stored in
Product Tree Changes table. Changes in product trees are stenezhtisy Product
Tree Changes table. Items required for Cls in product treesstred in
Configuration Item Requirements table. When a change occung iconfiguration
item requirements, the change is recorded in Configuration ItequilRenents

Changes table as an event.

Material requirements for an assembly or subassembly arelatald in the product
tree module. The operation does not affect any table. The produdtrneture is
used along with configuration items requirement to find the negeasaounts of

components and Cls. This operation calculates also timaamadacking items.

Time planning for production is done from product tree modules. Thistipedoes
not affect any table. The operation uses the planning model igiv@mapter five for

time planning. Information in all tables is used for timenplag for production.

The integrated BOM system is needed to work in intranet envinoinineenable
users to enter the system simultaneously. Therefore, gnanisrfaces are prepared

in ASP.NET environment by using C# as coding language. The usefadete
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screens can be reached from any web browser. The user sameemggven in

Appendix F.

4.5 Benefits of the Proposed System (Verification)

There are thirteen inventory lists in the institute currentlythin proposed system,
the data in the inventory lists are kept in two tables \lih same format. The
inventory files are eliminated in the proposed system. The nuofbiles in the

proposed system is decreased by the number of inventory files.

A great number of files for BOM are utilized in each promatrently. The BOM for

the whole system is divided into small manageable BOMs forystédyss. In one
project, the BOM for the whole system is divided into sem&in subsystems in
which each one has been revised ranging from two to eight tiinesefore, the
number of BOM reaches to thirty-two BOM files in this projégach version is kept
in a separate file. These files are eliminated by dyn&0iM structure and only one
BOM is maintained under a project in the proposed system. TheSedROctures

are kept in Product Trees and Product Tree Changes tables.

A KNAL is kept for each of the six main subsystems. Thdss tlisplay status of
each ClI in the subsystems. Six different files are modifejing from 19 to 269
times. Each version of these files is stored. Thereforal motmber of KNAL files
reaches to 809 files. These files are eliminated in the promysteim by utilizing
Configuration Item Requirements and Configuration Item Requirem€hanges
tables.

The number of files is decreased definitely and data iereifit files are integrated in
the proposed system. This increases data consistency and rddtacesdundancy.
Different formats used previously for storing data are elat®d in the proposed
system.
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CHAPTER 5

THE PLANNING MODEL

In this chapter, the model used for time planning for production isiega by an
illustrative example. The first section defines a valid proddcture by using a
simple product with simple components and processes. The nexbnseeén

explains the construction of network for planning purposes and giv&PMéPERT
solution to the presented network.

5.1 The Product Structure

To produce a product, various components and Cls are assembled. e sim
product, which is also a Cl, is produced using five Cls. The pratustture with
required quantities for each Cl is presented in Table 4. Uspatdigucts start with a
small number of Cls and reach to more than a hundred Cls at dheSkwre a
product is a Cl, a change in product structure is always comntratid recorded. One

of these recorded structures or the current structure can thesisestarting product

structure for creating product variants to be used in tests etogpévg deliverable
product variants to customers.

Table 4 Simple Product Structure

Product Tree Number, Namge Required Quan|tity
01. Cl1 1
01.01. Cl2 | 4
01.02. CI3 | 3
01.02.01. Cl4 | 3
01.02.02. Cl5 | 4
01.03. Cle | 2
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In Table 4, product tree number displays which ClI is assembleddtoen Cls in
which level. The number can be split into two parts. All diggts but the last two
ones form the first part which shows where the Cl is uskd.sEcond part, which is
formed from the last two digits, displays CI order in produes tevel. According to
the given product tree, Cl 1, which is the end product, is asedniiyl using four
units from CI 2, three units from CI 3 and two units from CI 6e Ts used for
assembling CI 3 can also be extracted from the given productwstuTo produce
one unit from CI 3, three units of CI 4 and four units of CI 5 are uBe&l.product
tree structure given in Table 4 is presented in Figure 15 meglired quantities

given in parentheses.

Configuration
ltem 1 (1)

v Y v

Configuration Configuration Configuration
Item 2 (4 ltem 3 (3 ltem 6 (2

y A

Configuration Configuration
ltem4 (3 ltem5 (4

Figure 15 BOM for the Simple Product

A CI can require performing different processes and acquisitioconfponents.
After all processes are performed on the initial version qf &l number of
components and Cls are assembled to form the final version Wf@in there are no
required components or other Cls to form the final Cl, an asseoplelation is not
needed. General production process of a final Cl is given ind-IfurT1 is the time
required for all of the defined processes to be completed on tha @lti These
processes for the Cl are performed sequentially. Therefordas Thlculated by
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summing all of these processes’ times. T2 is the timeimed for acquisition of
components and production of Cls. T2 is the maximum among lead time of
Component A, lead time of Component B or production time of Cl A when ofone
these items are available in store. Operations performed dudingnd T2 are
parallel to each other. T3 is the time required for assemitiedinal CI if it is
required. Assembly operation can not start until all of the requtomponents or

Cls are obtained and all processes on the initial Cl arerpsetl. Therefore T3 is
serial to T1 and T2. Total time required to produce a fihada® be found by adding

T3 to the maximum of T1 and T2.

< Process Time >
Available: 4 Available: 1 Available: 2 ‘
' Required : 1 Required : 2 Required : 4

[ Component 1 }

Figure 16 Production of the Final Configuration Item

For simplicity, it is assumed that there are three compsraaratilable in the system
to produce CI 1. Components are standard parts and materiatamhbé procured
from suppliers. These components can be kept in store to be used intiprodéic
Cls. The component list with inventory levels and lead timenfibeis are given in
Table 5. Components and Cls available in store are used for pood€icst, and

when there is a shortage of these items, components are procurdtisaade

produced to be used in assembly. To explain the model, integer veduesed in the

given formulas and quantities but rational numbers can be miskedm as well.

Each process is described by a configuration document and the docusetiic
to a Cl. Therefore each process is unique and specific to WI@&n a process is

performed on an item, the item number is changed to indicatgeti@med process.
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To produce CI 1, the required processes by each Cl and time cetpiperform

these processes are given in Table 6. After a processfesmped on an item, the

item can be placed in store to be used in production laterodegs is performed on

an item only once. Since productions of initial Cls are performedrding to a

configuration document, this can be modeled as a process. Ther¢fmastaone

process for Cls must be defined. Since each process is unique dafthésl by CI

number, each process given in Table 6 is different anseid in a single CI.

Table 5 Component List with Lead Times

Component Name Available in Store Lead Time Formu
Component 1 30 units 4+3Q (day)
Component 2 40 units 6+3Q (day)
Component 3 12 units 8+5Q (day)

Table 6 Process List with Process Times

Configuration Item Process Name Process Time Formula

Cl1 Process 1 1+6Q (day)
Cl 2 Process 2 1+7Q (day)

Process 3 8+1Q (day)

Process 4 4+2Q (day)
Cl3 Process 5 2+3Q (day)
Cl4 Process 6 5+2Q (day)

Process 7 4+3Q (day)
Cl5 Process 8 6+3Q (day)
Cl6 Process 9 0+3Q (day)

a

The time values in Table 5 and Table 6 are given as a limeetion of unit quantity.

The time is assumed to be given as day but another time uniidiks and weeks
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can also be used, but each formula must be given in terms of tleetisaenunit.
Available WIP (work in process) Cls are given Table 7. Compsnand their

required quantities for each configuration item are giverainle 8.

Table 7 Available WIP Cls

WIP Cls Available in Store
Cls with the last process 2 4
Cls with the last process 3 1
Cls with the last process 4 2
Cls with the last process 5 1
Cls with the last process 6 5
Cls with the last process 9 10

Table 8 Component Requirement for Cls

Configuration Iltem Required ComponentRequired Quantity

Cl1 Component 3 2

Cl2 Component 1 1

Cl5 Component 1 3
Component 2 4

According to production model of CI given in Figure 16, an assembly opefat a
Cl is needed when the CI requires at least one component @sablee other ClI.
Cls 1 and 3 require other Cls, whereas Cls 2 and 5 requieasitdne component.
Therefore an assembly operation is required for Cis 1, 2, 3 andgodioce CI 1,
the required assembly operations for Cls are given in TablerOtkeir respective
time. Since the rest do not require assembly operationmaBséime for them is

zZero.
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Table 9 Assembly Operations

Assembly Name Time Formula
Assembly 1 2+4Q (day)
Assembly 2 3+2Q (day)
Assembly 3 3+1Q (day)
Assembly 5 4+1Q (day)

Some Cls need another CI in any level in product tree to be cmpieadvance.
To produce the end product, Cl 2 needs to be completed befores¢imebhys of Cl 3
and likewise CI 4 has to be completed before the asserhhly6.

The production process of ClI 1 is presented in Figure 17. The component
requirements are aggregated in this production process. Aggregaiins to
encourage procuring components at the beginning of the production by a single
order. In this way, lead time of component acquisition would behessit would be

when components are ordered separately. After required comporeotstained at

the beginning of production, only process and assembly operationst drehied to
produce CIs.

The required amount of components and Cls can be found easily bgitngvi@OM.
However, the calculation of the time required for production of @lith current
inventory level is not easy. In this case, the solution to findreélqeired time for
production is to utilize CPM/PERT method. In order to use this methoetwork

must be created. The following section describes how theorets/constructed.
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Configuratio
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Process 8
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Process 6
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Configuratio
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Process 2
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Process 3

—

Process 4

Assembly 3

Configuration
item &
Configuration
Assembly 1
[ Component 3 ] Configuration

item1

Figure 17 Production Process of the Configuration Item 1

5.2 The Network

To calculate the production time of Cl 1, an activity-on-node oktws used. First,
dummy start node is included in the network with zero duration, amdnibeées are
created for acquiring components, performing processes and asseieningThe

precedence relations between created nodes are given to fornettherk. The
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CPM/PERT solution to this network is presented with early andstaté and finish

times. Lastly slack times are calculated for each node.

The items given in Table 7 can be divided into two groups. Thedioup of items
is finished Cls on which the last operation defined for Gdeégformed. The second
group contains the items which require additional operations toetiermed for
obtaining finished Cls. Total quantities for Cls are givenabl& 10. The required

quantities for Cls are calculated by traversing BOM anéks@given in Table 10.

Table 10 Cls Quantities

Name WIP | Finished| Total | Required
guantity| quantity | Quantity| Quantity
Cl1 0 0 0 1
Cl2 5 2 7 4
Cl3 0 1 1 3
Cl4 5 0 5 9
Cl5 0 0 0 12
Cl6 0 10 10 2

Total requirements for components can be calculated using Tabid able 10.
The needed quantity for each component is calculated by sumntingespirement
coming from each Cl. Table 10 gives required quantity for edcan@ Table 8
gives component requirements for each CIl. The required componenttigaaate
calculated by first multiplying required quantities of componeatsttie respective

Cl given in Table 8 with required quantities of each CI givefable 10 and then
summing up the resulting component quantities. The required componentigsiantit
are given in Table 11 along with available quantities and shestdor each

component type.

58



Table 11 Component Quantities

Component Name Available in Store] Required Quantity Shortages
Component 1 30 units 40 units 10 units
Component 2 40 units 48 units 8 units
Component 3 12 units 2 units 0 units

For each component type which is lacking in store, a node eéssay to represent
component acquisition. Since, these nodes are primarily del@th components,
they can be named as component nodes. Duration of component nothesfeand
by using Table 5 and Table 11. Component nodes and their duratiobw@letetd in
Table 12. The predecessor of component nodes is the dummy starvhadtehas

node 0.

Table 12 Component Nodes Duration

Node Number Component Node for Duration | Predecessor
1 Component 1 34 days 0
2 Component 2 30 days 0
- Component 3 0 day -

For each ClI, a node is necessary to represent the processem@e on the ClI.
Since these nodes are primarily related with processes, dhdyecnamed as process
nodes. When there are no finished or work-in-process Cls in digijon of these
nodes is found by summing all defined process times for a Cl. Wieer are
sufficient amount of finished ClIs to cover required quantity,dim@tion of process
nodes become zero. Getting all finished Cls from store $eerably operation is
assumed to be negligible. When there are no sufficient finistgeh Gtore, work-in-
process Cls are completed by performing required processes on \tankrin-

process items requiring fewer processes are used firsduraéon of process nodes
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are calculated by summing required process times. The predecttisese nodes is
dummy start node. As an example, Duration of process node fors@akulated by

utilizing Figure 18.

N Process Tirmr >
| Available: 4 Available: 1 Available: 2 | ‘
' Required : 1 Required : 2 Required : 4

[ Component 1 ]

Figure 18 Duration of Process Node for Cl 2

Since, producing CI 1 requires four units from finished Cl 2, forocé&ss 4
performed items (i.e. items on which Process 4 is perforiast), are required.
However, only two Process 4 performed items, are availabdéore. Therefore, the
remaining items are tried to be covered from Process 3 pextbitems. While two
Process 3 performed items are needed, only one is availatdeeQuired quantity is
covered from Process 3 performed items. The missing itentsiedeto be covered
from Process 2 performed items. Only one item is required anduifuits are
available in store. One unit from Process 2 performed itemsed for covering the
missing quantity. When the aforementioned procedure is consideiedeen that
time is needed to perform required processes for changing P@eesk Process 3
performed items to Process 4 performed items. One unit from $3r@cperformed
item requires Process 3 and Process 4 to be performed. Inntkewssy, one unit
from Process 3 performed item requires Process 4 to be pedfoBmeone Process 3
and two Process 4 must be performed on those items. Time daorkby using
Table 6. Nine and eight days are required for performing Procassl ®rocess 4
respectively. The duration of process node for Cl 2 is seventagn Calculated
duration of process nodes for Cls are calculated in the sameandayabulated in
Table 13.
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Table 13 Durations of Process Nodes for Cls

Node Number Process Node for DuratigrPredecessor
3 Cl1 7 days 0
4 Cl2 17 days 0
5 Cl3 8 days 0
6 Cl4 44 days 0
7 Cl5 42 days 0
8 Cl6 0 days 0

For each CI, whether it requires assembly operation or not, a soctedted to

represent assembly operation. Since, these nodes are pyrirakied with assembly

operation, they are named as assembly nodes here. If Chdbesquire assembly

operation, duration of the assembly node is taken as zero. ThHecessor of

assembly nodes are the related process nodes, the related compmesntand

assembly nodes of required Cls. Duration of assembly nodes anatsddy using

Table 9 and Table 10. Calculated durations for assembly nagléstad in Table 14.

Table 14 Durations of Assembly Nodes for Cls

Node Number Assembly Node for| Duration Predecessor(s
9 Cl1 6 days 3,10, 11, 14
10 Cl2 11 days| 1,4
11 Cl3 6 days 5,12,13
12 Cl4 0 days 6
13 Cl5 16 days 1,2, 7
14 Cl6 0 days 8

In some cases, some Cls require other Cls to be completddaince. This situation

can be handled in the network diagram by setting a predecessorebatsiated
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nodes. For the production process given in Figure 17, two predecassdmsmed
between Cls. The first one is between Cl 2 and Cl 3. Assemduyg of ClI 2
becomes predecessor for assembly node of Cl 3. Similarlysettend one is set
between CI 4 and CI 6. Assembly node for Cl 4 becomes the predeaafs
assembly node for Cl 6. The added predecessors for assembly nedgegea in

Table 15 in bold.

Table 15 Configuration Item Precedence Relation

Node Number Assembly Node for| Duration | Predecessor(s)
11 Cl3 6 days 510,12, 13
14 Cl6 0 days 82

The required time for production of Cl 1 is the time betweart $ime of dummy
start node and finish time of assembly node of CI 1. The netdiadcam for the

nodes given previously is presented in Figure 19.

Figure 19 Network Diagram for Production Process
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The CPM/PERT solution to the network given in Figure 19 isguried in Table 16.

Table 16 CPM/PERT Solutionto Cl 1

Node | Duration| Early E_arly Late ITa_te Slack
Number Start | Finish | Start| Finish
1 34 0 34 8 42 8
2 30 0 30 12 42 12
3 7 0 7 57 64 57
4 17 0 17 30 47 30
5 8 0 8 50 58 50
6 44 0 44 14 58 14
7 42 0 42 0 42 0
8 0 0 64 64 64
9 64 70 64 70 0
10 11 34 45 47 58 13
11 58 64 58 64 0
12 44 44 58 58 14
13 16 42 58 42 58 0
14 0 44 44 64 64 20

Table 16 can be used for time planning for production. The table s$tavisand
finish time of each assembly. According to the table, theopyeé can be assembled
in seventy days (early finish of assembly node 9) with the muimeentory levels.
The table also gives the slack values for each assembly GTK2and Cl 6 assembly
operations have slack values. Therefore, these assemblidse caelayed without

changing the assembly duration of CI 1.

In this model, durations are assumed to be known with certainertainties about
durations can also be incorporated into the model. The best, theateoded the
worst case durations can be utilized for uncertain durations. leakat the planning

model can provide assembly time for the best, the moderatbematst cases.
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CHAPTER 6

CONCLUSION

In this thesis, an information system is developed for mater@ilagement in an
engineer-to-order organization which develops unique, high valued and &omple
prototypes. The developed information system handles variationsumierous
prototypes and components in an efficient way. A database is desidtmpeffective
integration of inventory and configuration management informatiod,a model is

included to the developed system to prepare a time plan for piaduct

In the system development process, prototypes, composed of variopsenamts,

are required to be manufactured. Due to the nature of theegsotechnical
requirements of these prototypes and components are changing or @volvin
continuously which brings the need for an effective material neanagt system. In

this process, after components and prototypes are designedctmegenents are
made to be manufactured by selected suppliers. These componentbjacted to
quality control by the institute prior to their acceptance and uJdgecomponents
that satisfy quality requirement are assembled and testbe institute. The results

of these tests give feedbacks to design phase and components aagedch
accordingly. A huge amount of information is required to be documemedtored

by different divisions during this process.

In this thesis, the problems of material management in ppEotievelopment
environment are analyzed. It is observed in the current sysam material
management is being carried out manually in a traditional wata I3 collected and
documented both as hardcopy and softcopy during these activitiesydraere is
insufficient integration of data coming from different divisionsdastores. In
addition to that, information transactions between divisions andssiohgbit the

activities, causing time planning for production become ineffecliteere exists a
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high documentation effort. Different documents are being prepared fereahit
formats in different divisions and it is difficult to integrafeese data. Besides,
inconsistencies are observed among data in different docuniérgse problems are

mainly caused by the nonexistence of an appropriate informstgiam.

The developed information system aims to integrate infoomatiom different
divisions of the organization and use this information for materalagement and
time planning for production. A multi-level BOM is used as a icmmn structure to

access and integrate inventory and configuration information.

The developed system can provide the following benefits:
The system can handle numerous prototypes and components variatien in t
system development process. This cannot be achieved using conveBRFha
packages which are mainly developed for make-to-stock aaf#ams.
The system can list the required components, required quantitighesé
components, required time for acquisition of lacking components aedptim
for production.
Inventory and configuration management information is stored ined w
organized way. As a result of this, consistent information amémgss and
divisions can be achieved.
Since data in different files and formats is integratednnorganized database,
the developed system decreases the documentation effort dalipain the
organization and provides processing of the data stored indtessy
The major change between the previous system and the desigterd s/she
way of handling BOM versions. While all versions of BOM weterexd in
different files previously, only the last version of BOM witil change
information is stored in the designed database. Using the chd#ngeation, all
the previous versions of BOM are dynamically accessible. d&iseased the
stored data dramatically and gives opportunity to track the chamgasy BOM
without any effort.
The developed system decreases repetitive work which isd¢aut manually in

the current system. Components in the same production batch can leel deith
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used as a whole or one by one according to the choice of thearpefdtis can
decrease the required time for these operations considerably.

The designed system checks all component records in the desigtezhse
before entering a new component to the stores. In this way, ranistereated

only once. Data can be stored in this way consistently.

On the other hand, there are some drawbacks of the developau.sykte system
has currently no interface with other information systems usethe institute.
Besides, being designed for the specific purposes of TAB-SAGE, the system is
not a general material management system that can be afgplioatall type of
organizations. It is designed for the needs of an engineer-to-angkenization, and
some modifications should be made in order to be used in other type of

organizations.

In the thesis, a deterministic model is used for time f@nfor production. As a
future work, the model can be extended to handle probabilistic saskess the best,
the moderate and worst cases for durations of material acquesiporcesses and

assembly times.

Documents themselves are not included into the designed systégyninformation
about documents, like document number, is used for production monitoring and

planning. Documents can be integrated into the systemuisra fvork.

The BOM structure can be used for ordering items with madifio in the
developed system. Hence, a procurement module can be added isystdre as a
future work. In that case, the integrated BOM does not only mirése lacking items

in the system but it also presents from where the lackingsitan be obtained.
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APPENDIX A

PROCESS LIST FORM

A sample process form is given in Figure 20.
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APPENDIX B

QUALITY CONTROL FORM

The first page of a quality control form is given in Fig@fe The second page of this

form is given in Figure 22.
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K-, SAVUNMA
St %
(5 o SANAYH

GELISTIRME
ENSTITUSU

ARASTIRNA VE NITELIK DENETLEME FORMU

BELGE NO 891-003078
GUNC. NO 7

GUNC. TRH 17.11.2004
SAYFA NO 142

1S EMRINO | KAYIT NO:

| GIZLILIK DERECESI

W/BAUAS ADI

URETICIH/ TEDARIKGI ADI

ADETMIKTAR' | KAFILE NO?

SERINO

KAYNAK BELGE ADI

KAYNAK BELGE NO GUNCELLEME NO

NITELIK DENETLEME TIP| | WMND I:l

sno [ ko [ eno [

o [

DEGERLENDIRME TABLOSU

Sira Olglim AJG/A

Kodu Olmasi Gereken

z
)

Seri No™:

KIUGY !

Bulgu / Olglilen

Cl|lw|~|o|o| =

=}

(<4

@

=

o

=3

g}

=

©

)
=}

[}

r
N}

)
1

R
=

25

NOTLAR

DEGERLENDIRME SONUCU

|:| Kabul Seri No

|:| Uygunsuz Seri Mo

NITELIK DENETLEME ISLEMINI Y APAN
(Taritvisinylmza)

ALTYAP| SORUMLUSU
(Tasithsirfimaa)

SORUMLU KISIM AMIRT
(Tanitlsim/imza)

1-Nitelk denatleme igleminin kapsad i ME/AUNin taplam adedifnikian girlecektir. Ormekleme yapiiyor iss*

girllecekti
2-Form satece bir kafile igin doldurulacakir

3-Hitelik Denetleme Birim tarafindan kayt numarast verildi ise doldurulmayacakdir
4 Aksi belirtimedikge dederlendime tablesunda yer alan kafile seri numaralan sirasiyla soldan saga ve yukanidan aga@iva dodr artacakii, Kafile seri numaralannin tabloda belirtimemesi

durumunda, bu kurala gore dederlendiime yaplacaki.

* adslik kafileyi temsilen segilen *...* adet numune geklinde agiklama

Figure 21 Sample Quality Control Form (Page 1)
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Q\ﬂk,s_' SAVUNMA BELGE NO 981-003078
=) o sanavi i ) GUNC NO 7
ARASTIRMA VE
GELISTIRME NITELIK DENETLEME FORMU GUMC. TRH 17.11.2004
ENSTITUSU SAYFA NO 212
1S EMRINO | KAYIT NO: | GIZLILIK DERECESI

URUN DEGERLENDIRME KURULU KARARI®

URUN DEGERLENDIRME KURULU KARAR ONAY |

DEGERLENDIREN fTartdsiminzs)
(TasanmevKullanicy)

DEGERLENDIREN /(Tervfsindmzs) | DEGERLEMDIREN f (Tanisinsfrzs)
(I3 Pakati Liceril AP Yoriicusy) (Proje Yorucus)

KONFIGURASYON KONTROL KURULU KARARI

KS Onayi: (Tawwlsinimza)

Siho DO No
KARAR OZET TABLOSU

Sarth Kabul Edilen M/B/AUL Seri No Sartl) Kabul Edilen M/B/AUMU
Sayisi

Degerli Hurda Olarak Ayrilan WM/BAAU Ser No: Degerli Hurda Olarak Ayrilan
MBI Sayis

Hurda Olarak Ayrilan M/B/AUA Ser No Hurda Olarak Aynlan M/B/AUU
Sayisi

Kabul Durumuna Gelen M/B/AUL Seri No® Kabul Durumuna Gelen M/BAUA
Sayis!

Dizeltme Islemi Gerektiren M/B/AUU Seri No Duzeltme Islemi Uygulanan
M/B/AL/U Sayisi:

Dizeltme Iglemi Is Emri Numaras)

UYGUNSUZLUK KAPANMA ONAYI

Kisim Amir/Altyapl Sorumlusu
(Tantisinrinze)

5-Sadece uygunsuz duramdaki MEAD/ icin doldurulacakir. .
6 Sadece tasanm dedisiklii sonucunda kabul durumuna gelen MBIAUA belitiecekii.

Figure 22 Sample Quality Control Form (Page 2)

74




APPENDIX C

INVENTORY LIST FORM

An inventory list form is given in Figure 23.
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Q\“M"'S_' SA\II_IN.B{M

S G SANAYID
ARASTIRMA VE
GELISTIRME
ENSTITUSU

...... DEPOSU ENVANTERI

BELGE NO
GUNC. NO
GUNC. TRH
SAYFA NO

91-002647

1.03.2003
11

hBAU

KoDU MEAUU ADI

MIKTAR

PRO.JE ADI

YERLESIM
ALANI

NOT1®

NOTZ2*

20.

21

olabili)

Depalann Kendi i yaglan na Uygun olarak Depo Sorumulan tarafndan dzenlenecektir (Omek: Miekanik Ham Maizeme Deposu gin Nelk Denetiere Iy B NUmarasinin ginidi) b sun

HAZIRLAYAN (Unvar/ismTantiimzs)

ONAYLAYAN UnvardsrmTaritimzs)

Figure 23 Sample Inventory List
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APPENDIX D

KNAL FORM

A sample KNAL form is given in Figure 24.
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K-, SAVUNMA
SmSs %
(5 o SANAYH
ARASTIRMA VE
GELISTIRME

ENSTITUSU

KONFIGURASYON NUMARASI
ATAMA LIiSTESi

BELGE NO 891-003917
GUNC. NO 1

GUNC. TRH 21.03.2003
SAYFA NO 11

SON GUNCELLEME TARIHI

PROJE ADI VE NO

KOMNFIGURASYON KALEMI ADI

URUN AGACI SEVIYE NO

HKONFIGURASYON KALEMI ADI

TEMEL NUMARA,

Figure 24 Sample KNAL
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APPENDIX E

RELATIONSHIP DIAGRAM

The relationship diagram of the designed database, whichves diy Microsoft

Access, is presented in Figure 25.
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APPENDIX F

USER INTERFACES OF THE DEVELOPED SYSTEM

The four modules are accessible through a main menu. The main snem@sented

in Figure 26.

2 http://dede/blanksolution/InvMon.aspx - Microsoft Internet Explorer

Fle Edit View Favorites Tools Help
Qback ~ & - ¥ [@ fh| P search FrFavorites @ (- & W] ~ [J o
Address @ http: /fdede/blanksolution/InvMon. aspx V‘ - @ ¥

[ Product Trees ] [ Stores ] [ Inventory ] [Documentation ]

@ Done ‘:ﬂ Local intranet

Figure 26 The Main Menu

By clicking “Documentation” button in the main menu, the main pafgehe

documentation module is going to be opened. This page is givagure 27.

3 http://dede/blanksolution/ConfigltemsList.aspx - Microsoft Internet Explorer

Ele Edit View Favorites Iools Help 3’
Qback - & - ¥ @ @h| Psearch FrFavoites £ - [ - [ A B
address | €] https fdece fblanksolution/ConfigltemsList. aspx v| e @
La!
Scope Type DocName  Doc Number Version Num Reason PreparedBy Note
| | | Il I I I Il

Scope | Type Doc Hum | VerNum | DocName | Reason | PreparedBy Date | Hote |

| : Process 1 |
:Product ‘Productlon | 000001-001 | X1 |Description ;f\rst release | | 29.10.2006 | lm‘Changelee\etai
|Product Production 000002-001 et W EROCCIS 2 |first release 29.10.2006 \Edit Changes Delete|
& i | B Byl o - | i i |
Component 1 | | | |
C00001 | RO |Tech: spec. Eacldu'|g | 29.10.2006 I @ichangesl.ne\atai

1 | =2

[£3

Menu  Add All Changes
& Done &4 Local intranet

Figure 27 The Main Page of the Documentation Module
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If the user clicks “Add” link in the main page of the documeatatnodule, the web

browser will direct the user to a page to enter a new daaumiis page is given in

Figure 28.

| http://dede/blanksolution/ConfigltemsAdd.aspx - Microsoft Internet Explorer

CEX
-

File Edit View Favorites Tools Help i
Qoack - & - @ @ €| Psearch Frraverites 8 (3 G W] - [ B
Address |@ http: ffdede blanksolution/Configitems Add. aspx V| Go @
~
Document Number I:l
Type
Version Number I:l
Document Name I:I
I ltem Add ] [ Cancel ] W
b
@ Done ‘j Local intranet

Figure 28 Document Add

When the user clicks “Changes” link which is located in each docuroentthe

changes related to a document is going to be displayed. Theipagesented in

Figure 29.

A http://dede/blanksolution/ConfigltemsChanges.aspx - Microsoft Internet Explorer

CBX
.=}x

Fle Edit View Favorites Tools Help i

Cenfiguration Itermns List

Qoak - @ - ¥ @A 0 | JO search 77 Favorites 3 - =Y |£| - [ IE‘ <}
Address |@ http:/fdede fblanksolution/ConfigltemsChanges. aspx V| Go @
-~
EventType Scope Type DocMame  DocNum VerNum Reason PersonPrepared Note F|
| | | 3 | I I I | I |
Find
EveniType lEverllDale ID Scope Type DocNum VerNum | DocHame Reason PreparedBy | Date Hote
Add ég:égi%”ﬁ 3 Product |Production|000001-001 X1 gg’;;f:;tllon first release igg:égi%”ﬁ
1

|

@ Dane

‘-ﬂ Local intranet

Figure 29 Document Changes
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It is necessary to click inventory button on the main menu for openirentory

module. The main menu of this module is given in Figure 30.

A http://dede/blanksolution/InvitemProList.aspx - Microsoft Internet Explorer

Flle Edit Miew Favorites Tools Help -‘:l',.

Qiack - & - [ &) €| Psearch Frravorites @ (- & ] - [J 0 @&

Address ‘g‘l http: fidede folanksalution/InvItemProList. aspx Vl Go %
2

Type Project Item Mumber Item Name Compatiblity Class  Hazard Class  Item Note

| | | | I | I |

IV Type | Fro]ecl”l Item Hum | Item Name ‘VI.Inlt Comp{:lauﬁdSDS Hum il’iazardclas:}’ Note 'DayRequlred EnterDate ! Iter |
|Process _|project1 | 000001-001 _|Process 1 piece | | | 1+6*@ [29.10 |5el
|Component|Projectt | C00001 |Component 1 piece | | | 4+43*Q |29.10.

| 1
[Ava\\ah\a Items] [Usad Items] [Add ItEms] [Use Itams] [Delete Prnperty]

Menu Add w
@ Dane ‘}j Local intranet

Figure 30 The Main Menu of the Inventory Module

By clicking “Add” link in the main menu of the inventory module,page for

defining new inventory item is going to be opened. This pagees dgn Figure 31.

3 http://dede/blanksolution/InvitemProAdd.aspx - Microsoft Internet Explorer |Z||§||Z|
File Edit Wew Favorites Tools Help ﬂ"
Qeback -~ &) - ¥ @) fo Psearch drravorites & | (3 & W] - [ B
Address [ ] https fdede/blanksolution InvltemProAdd.zspx v Bl so @
:_
Type Process v
Project Name
Item Number l:l
Compatibility class| |
wsps number | |
Wezsrd Class | |
[Add [tem Prop. ] [ Cancel ] ‘ 7
@ Done ‘:j Local intranet

Figure 31 Defining Inventory Item Properties
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After item inventory properties are defined, items canritered into a store via this
module. To enter new items to the stores, “Add Items” buttorhemtain menu of

the inventory module must be clicked. This page for enteringsite stores is given

in Figure 32.

2 http://dede/blanksolution/InvPartsAdd.aspx - Microsoft Internet Explorer \ZHE”Z\
Fle Edit View Favorites Tools Help f
Qback - @ - X & b P search Frravorites @ (- dh (W] - [ PR &

Address |@J http:/fdede blanksolution/InvPartsAdd. aspx Vl Go %

e
|Item Number 00001
|Item Name Component 1
|Version Number Ij
Project Project1 '+
Lot Number E
Serial Number :
| QualityResult | Degerli Hurda V!
Store | Vi
cell [~

Quantity/LotSerial piece

Production Date

Due Date |
Work Order Number ‘

Budget Number
Item Note
[ Add Parts I [ Cancel I
>,
@ Done ‘ﬂ Local intranet

Figure 32 The Page for Entering Items to Stores

After items are entered into the defined stores, the awvailgdoh list for a specific
item can be accessed by clicking “Available Items” button omth@ menu of the

inventory module. The items available list page is displatyédgure 33.
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p://dede/blanksolution/InvitemList.aspx - Microsoft Internet Expl

File Edit Wew Favorites Tools Help zr
Qoiack -~ & - ¥ @ @0 Psearch drravorites 8 | (3- & W] - [ B
Aderess ] https/jdede/blanksolution InvTtemList.aspx B> E @
&
Item Name Lot Number Serial Number Work Order Number  Quality Note
\ I I I I 3 |

Store Cell Project VersionHum LotNum  SerialNum Quality Quantity Unit InvEnterDate

Mihimmat Deposu Projectl RO 1, 9 Kabul . piece| 29.10.2006 Use| Edit Dglete

Mihimmat Deposu Projectl RO 2l 10 Kabul it piece| 29.10.2006 |Use| Edit |Delete|

Mithimmat Deposu Projectl RO 3k aby Kabul 1 piece| 29.10.2006 |Use| Edit Dgl_e__ti

Mithimmat Deposu Projectl RO i 12 Kabul 1 piece| 29.10.2006 |Use Edit |Delete

Mihimmat Deposu Projectl RO 1 13 Kabul 1 piece| 29.10.2006 |Use| Edit |Delete

23

Inventory Item Properties Awvailable Fields ="

v
@ Done ‘d Local intranet

Figure 33 Items Available List

After items entered into the stores, items in the stonebeaused by clicking “Use”
links in the Items Available List. The page for using itamshe stores is displayed

in Figure 34.

:/fdede/blanksolution/InvPartsUse.aspx - Microsoft Internet Explorer

File Edit Wew Favorites Tools Help

Qak - @ - M A e O search 7 Favorites 42 - & |£-| =il IE‘ B B

Address @ http:ffdede blanksolution/InvPartsUse. aspx M ‘ i @
i
Item Number C00001
Item Name Component 1
Version Number RO
Project

Lot Number

Serial Number l:l
Quantity piece

Inventory Exit Date
Work Order Number l:l
Item Used By l:l

[ Use Parts ][ Cancel ]

@ Done ‘j Local intranet

Figure 34 Use Item Operations
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The user can also list the used item from stores. For thsgd'ltems” button on the

main page of the inventory module must be clicked. The pagesémt items list is

given in Figure 35.

A http://dede/blanksolution/InvUsedlItemList.aspx - Microsoft Internet Explorer

File Edit View Favorites Tools Help qf,'
Qback - & - [ A 2 | O Search 7 Favorites 42 e dm @] - [

Address |ﬁj http: ffdede blanksolution/InvUsedItemList. aspx "i £d Go @

|

Item Name Lot Number Serial Number Work Order Number  Quality Mote

! I[ I[ | | |

[store | cel | Projest |verlum|LotMum|Seriaum| Quality |Quantity| Unit |InventoryEnter|

Mishimmat Deposu| |Project RO | 1 | 1 | Kabul | 1 |piece| 29.10.2006

|Mihimmat Depasu| |Project1 | Rro iE Kabul 1 |piece| 29.10.2006

Mihimmat Deposu :PFDJECT:L RO i 3 Kabul 1 D\ECE: 29.10.2006

|Mithimmat Deposu |Projectt | RO it 4 | Kabul 1 |piece| 29.10.2006

Mihimmat Deposu Projectl RO 1 5 Kabul 1 piece| 29.10.2006

M;_'lh\mmat DEPDSLI. :.PI'DJEC'I[ RO i [ | Kabul 1k “p\eca: 29.10.2006

Miihimmat Deposu |Projectt | mo 1 7 Kabul 1 |piece| 29.10.2006

|Muhimmat Deposu |Projectl | RO 1 8 Kabul il piece| 29.10.2006

Mishimmat Deposu| |Project | ro 1 14 | Kabul 1 |piece| 29.10.2006

|Mihimmat Depasu| |Project1 | Rro 1 15 | Kabul 1 |piece| 29.10.2006

Mihimmat Deposu |Project1 | ro 1 16 Kabul 1 |piece| 29.10.2006

|Mithimmat Deposu |Projectt | RO it 17 | Kabul 1 |piece| 29.10.2006

Mihimmat Deposu Projectl RO 1 18 Kabul 1 piece| 29.10.2006

|Mithimmat Deposu| |Project | ro 1 19 |  Kabul 1 |piece| 29.10.2006

Mishimmat Deposu |Projectt | mo 1 20 Kabul 1 _P\E;E: 23.10.2006

|Muhimmat Deposu |Projectl | RO 1 21 Kabul il piece| 29.10.2006

M!_'lh\mmat Deposu| Projectl RO 1 22 | Kabul 1 |piece| 29.10.2006

|Mihimmat Depasu| |Project1 | Rro 1 23 | Kabul 1 |piece| 29.10.2006

Mihimmat Deposu |Projectl | RO i 24 Kabul 1 p\eca: 29.10.2006

|Mithimmat Deposu |Projectt | RO it 25 | Kabul 1 |piece| 29.10.2006

L 12

Inventory Item Properties Awvailable Fields :
&] Done & Local intranet

Figure 35 Items Used List

By clicking “Stores” button on the main menu of the developed systiee main
menu of the storage module can be opened. The main menu farrdgesnodule is
given in Figure 36. From this page, available and used itenasie store can be

accessed. For this, “Available Items” and “Used Iteim#tons can be used.
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ttp://dede/blanksolution/Storelist.aspx - Microsoft Internet Explorer

File Edit Wew Favorites Tools Help ﬂb

QBack - ) EE) @ O search 77 Favorites 48 A~ =Y .@ 55 B

Adcress |&] htip: fdece/blanksolution)Storelist.aspx v| B @

A~

Store Hame| Store Usage Area Height Length Width | Store Note Open Date =

Store 1 Milgin Vardal Abay 18.03.2006

Store 2 Murat Tezcan 09.04.2006

Store 3 Murat Tezcan 09.04.2006 |5

Store 4 Ahmet Cosar tst 05.04.2006

Store 5 Murat Tezcan 08.04.2006

Store 6 Murat Tezcan 05.04.2006

Store 7 Pelin Eding 05.04.2006 | Select|

Store 8 Metin Yilmaz 09.04.2006
Store 9 Metin Yilmaz 09.04.2006|Select
1
Available ItemsJ [Used Items] [Cell LISt] [Delete Stnre]
Menu Add Store v
@ Done ‘j Local intranet

Figure 36 The Main Menu of the Storage Module

To define a new store, “Add Store” link on the main menu of thiagé module can
be clicked. This will direct the user to store definition pagdech is presented in

Figure 37.

p://dede/blanksolution/StoreAdd.aspx - Microsoft Internet Explorer

File Edit Wew Favorites Tools Help ?’

Qoack - & - # @) th Psearch FrFavorites £ | (3 & W] - [ [ @&

Address | ] http:/dede blanksolutionStoreAdd.aspx v|Bee @
-~

e |
Store Manager l:l
Max Usage Area |:|
Close Date l:l
gy [
R E—

[ Add Store H Cancel ]

@ Done ‘:J Local intranet

[£4

Figure 37 Store Definition
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In each store, there are different cell places to put itémést cell places in a store,
it is necessary to select a store and click “Cell Listtdubn the main menu of the
storage module. This page is given Figure 38. From this pag#alde and used

items lists are accessible.

A http://dede/blanksolution/StoreCellsList.aspx - Microsoft Internet Explorer

File Edit Wew Favorites Tools Help ’,’
Qeack ~ ) - [¥ [2) @n O search rFavorites £ - - i,
Address |1§J http: //dede blanksolution/StereCellsList. aspx v; Go @
-
Store Name: Store 1
Cell Name Cell Type Cell Capacity Height Length Width Cell Note Open Date [ltem Item
|Diger Alanlar | | ] | 18.03.2006|Select| Edit |
E | | | | ] | |18.03.2006|Select Edit |
F-3-3 | | [ [ | 16.03.2006 Select Edit
F-4-3 | 18.0_3.2006_SE|ECt E_dit |
|F-5-3 | | ] | 118.03.2006|Select| Edit |
|F-8-2 | | | 1 i | |18.03.2006 SEleCt_ Edit_:
F-8-3 | | [ [ | 16.03.2006 Select Edit
F-9-3 | 18.0_3.2006_SE|ECt E_dit |
|Forklift Kullanim Alani| | [ ] [ 118.03.2006|Select| Edit |
|G-1 | | | 1 i | |18.03.2006 SEleCt_ Edit_:
H | | | | | 16.03.2006 | Select Edit
[Ava\lab\e Items] [Used Items] [De\ete CEH]
Store List Add Store Cell -
&] Done % Local intranet

Figure 38 Cell Lists

To define new cell places in a store, “Add Store Cell” linkstbe clicked. This link
directs to user to Store Cell Definition page which is presenté&dgure 39. From

this page, available and used items lists are accessible.
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A http://dede/blanksolution/StoreCellAdd.aspx - Microsoft Internet Explorer |Z||E|E‘

Eile Edit Wew Favorites Tools Help 4’

Qoack - O - [ B @0 Psearch FrFavortes £ | (- & [ - [ M @&

Address |@ http: /deds blanksalution/StoreCellAdd . aspx "| e %
-

!Store Name

|cell Capacit\y|:|

cettype [ |

|Close Date I:l

e [

A
[Add Store Cell ] [ Cancel ]

@ Done ‘:J Local intranet

<

Figure 39 Store Cell Definition

The main menu of the product tree module can be opened by clicking “Produc

Trees” button on the main menu of the developed system. Thisipageen in
Figure 40.

& | http://dede/blanksolution/ProductTreeSelect.aspx - Microsoft Internet Explorer |Z||E|E‘
File Edit Wew Favorites Tools Help a’
Qoback - @ - [ @ €0 Psearch FrFavorites 8 | (A~ S W] - [ W &
Address |@ http: //dede blanksolution/PreductTreeSelect. aspx V| Go @
~
| Project | Project1 ||
[Owariation Add J Delete J
ProductTree Configuration
Wiodity | Changes|  Modify | Changes|
Menu :
@ Done ‘-3 Local intranet

Figure 40 The Main Menu of the Product Tree Module

The main product trees and variants of the main product treelecarodified by
clicking “Modify” button on the main of the product tree. The pageniodifying

product trees is given in Figure 41.
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p://dede/blanksolution/ProductTreeModify.aspx - Microsoft Internet Explorer

Eile Edit Wew Favorites Tools Help #
Qoack - O - H B @0 Psearch FrFavortes £ | (- & [ - [ M@
Address |@ http: //dede blanksolution/ProductTreeModify. aspx v| Go @
~
Product Tree Num Item Name Base Number Item Note =
(7ind | Go0ESOI=RraecEl
ProductTreglum Basel Quantity AssemblyTime StartDate ItemMote cl cl Cl | Pred.
01. Config Item 1 0oooo1 1 2+4*Q 30.10.2006 ﬁilgct Edit |Move | Add
01.01. Config Item 2 0ooo0z2 4 342*Q 30.10.2006 Eﬂt_a_ct Edit |Move | Add
01.02. Config Item 3 000003 3 34190 30.10.2006 i&EJEd Edit | Move | Add
01.02.01. Config Item 4 000004 3 0+0*Q 30.10.2006 Select| Edit | Move | Add
01.02.02. Config Item 5 0ooo0s 4 4+1*Q 30.10.2006 Edit | Move | Add
01.03. Config Item 6 000006 2 0+0*Q 30.10.2006 Edit |Move | Add
i,
[P\anmng BOM] [Avallable Items] [Usad Items] [Prede:e.*;sor Llst] [Llnk DD:ument] [Lmk L\st] [Add CI] [Deleta CI] L4
Product Tree Select  Product Tree Revision Add T
a Done ‘:J Local intranet

Figure 41 The Page for Modifying Product Trees

To add a new configuration item to a product tree, it is negetsaelect the parent
item and click to “Add CI” button. This will direct the eisto Cl defining page

which is given in Figure 42.

p://dede/blanksolution/ProductTreeltemAdd.aspx - Microsoft Internet Explorer

File Edit Wew Favorites Tools Help a’
Qoack ~ & - ¥ @) @0 Psearch FrFavortes £ | (3 & W] - [ 48
Address |@ http://dede blanksolution/ProductTreeltemAdd. aspx "| Go @
s

Project Number 600EDO1

Variation ID 0

Parent Product Tree 01.01.

Number

Parent CI Name Config Item 2

®o01.01.

Product Tree Num to Add
Qo1.01.01.

KK Name to Add ]
Base No to Add l:l
Quantity to Add
Assembly Time I:I
Item Note to Add ]

[Add To Product Tree] [ Cancel I

@ Done ‘j Local intranet

<

Figure 42 The Page for Defining Cls
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To link a document to a ClI, “Link Document” link can be used. Whemnskee clicks

this link, link document page is going to be open. This pageéngn Figure 43.

Figure 43 Link Document Page

The list of processes and components required by a Cl carcéssad by clicking
“Link List” button on the page for modifying product tree. This pagaisplayed in
Figure 44.

Figure 44 Link List of a CI
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To calculate material requirements for a Cl, it is neagsto select Cl on the page
for modifying product tree and click “BOM” button. This will direttte user to a

page for entering required quantity for Cl. This page is disglay€&igure 45.

Figure 45 Entering Required Quantity for a Cl

After entering required quantity for the Cl is entered, malteéequirements for the
Cl can be calculated by clicking “Calculate BOM” button in Fegd5. This will
direct to user to material requirement list which is giveRigure 46.

To get time planning for CI production, it is necessary tocsé€l¢ on the page for
modifying product tree and click “Planning BOM” button. This willedit the user to
a page for entering required quantity for CI. This page is dieglayFigure 47.
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Figure 46 Material Requirements List

Figure 47 Entering Quantity For Planning BOM

After entering required quantity for the Cl is entered, tptaaning for production of
aCl can be calculated by clicking “Calculate Planning BAMtton in Figure 47.
This will direct to user to time planning for production list whishgiven in Figure
48.

93



Figure 48 Time Planning for a CI production

A product tree variant can be created in two ways. In the diey, the current
product tree is used as a basis for variant product tree. Tosgwdhiation checkbox
must be selected in the Main Menu of the Product Tree Modhda, “Add” button

must be clicked. This will direct the user the page whidivien in Figure 49. If the
user clicks “Add Variation” button in this page, a variant prodwest will be created
by using the current project product tree. In the second way, prexeéesisn of the
product tree is used for creating product tree variants. To daathime value must
be supplied. The version of product tree at the given time isfasecdeating variant
product tree in this case.

Figure 49 Add Variation Page
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