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CHAPTER |

RTING SYSTEM FOR

1.1

itablefergamizations.
e of pi di@l, the product design has to

\

be conformed J sngineer ific@ions with the consistent and
[Derefore, well-established database

system,shall e

Plus‘a ature of the electrical control panel-has—s Aoy that the product is
usuall . +5%aried from one job to
e | —

Is kind of prod ¢

another. Jig determine the cost 0 it is found necessity to

implement t@ﬁcostlng system wherw product is managed by job.

FHUINANINAING

system is widely used aﬁ mostly applle the individual u Thls

RTRINIUY RYINHIRY



data should be the key issue, since this issue can definitely yields the reliable
operation.

This proposal has given the i

Asight of the interest in the design support system
1.2

arked the significance of
Jé- inte “",, competitors.

Having been it !- i oic tha@h 25 years, PMK product is

pervasively accepte = ) n boih domestic and international

markelzts.‘ Its p odut ange -covel 3o —volt‘eE‘e to medium-voltage

—ny L)

With ¥8-.€9 ts market by fulfilling

— s
the timeli}“} the goo@elfare of all employees

by creatlng‘oﬁ working enwronmentﬁgardlng to the operation strategy by

ﬂummm b0 6 e

manufacturlng and ﬂnanmqstrategy, respectﬂ Having been empha |sed

ARIRNMI WINBIA

eeds of cus



good quality designs in a time manner in accordance with the engineering
specification and acceptable cost.

As earlier mentioned, the majgr.

reduct of PMK Industry is the electrical control

panels, which is caiego od (a6 | gineering product. Moreover, the

product has towgestus on acis} _ WO torthe requirements of electrical
i . This.ceTmtetyS , Js only made to order, which
ieriin evk ¢ ith the design and cost

estimation -tk % JaMelecper understand about

electrical co 1/t ‘ 9c explored subsequently.
1.3 Product [

. il i | il . \ . .
Electricals€ontralf pafel n-engi ingh Ar@AUCK tharequires some technical
4 " l".t , i \ X

and expertisgfo me@nufact {;‘ Plus, the laboUMint@fsive manufacturing process
- ': q: L=
increases the I\ ifficulty totr Ct.

The components o iy include steel, copper, and other
electrical equipment
-— ‘?fé‘ i closyre——

Fi5

—t |
condMive parts. Also, 1

electrlcwo

ﬂmﬁ! Nel mmm‘am

depending on the ampe»‘ratlng required.

ARIRINTU NN’ 1INYIAY

he unit Is e3|gne Wi
electrical parameters such as current, voltage, and power.

fiBe¥ering the electrical

rea that protec@sers from touching the




= Functional Unit
Mostly, the panel includes the electrical circuit breaker for interrupting the

system in case of fault in

A8 f] SM

Jnit (Circuit Breaker



1.4 Manufacturing Process

The manufacturing process stats from the steel work and will finish at quality

; / d as follows.
- Steel Work \ & é
The eIec@ steq\'s us maximize the performance

of the

controller, which can

stated to be rust proof
ine to punch the hole into
e, | ae aluminium-zinc frame is
. Recall from the punched
inting line whereas an
epoxy p Woler N6 's.appll

? iy
e will be bolted and drilled
to the frame, ft wards; th i eGllpoment are installed and wired
along with the J' 0N, At this level of process, the semi-

0

-

‘Broces ished and wired products.
e | 111
The Mine test and other additional required te re usually done by the
quallflec‘wotors The main | tlon includes two areas: physical

AU ?fttﬂﬁ wmm;:::::::

logistic department.

qmmnswmmmw



Steel Work

1.5
r' b‘"‘ des ‘k‘,‘ \ nd cost estimation process
in order to genglé __.__,-..ﬁ._,..; s p‘ urement process to place the
raw material ofder. h:_:.;;'.:-}'f; alned, it can get very convoluted to
deS|gn the prodiie ’ ﬂl‘“ raise t Bicfore, this paragraph succinctly
this process concisely . rstand. Firstly, the
318 as electrical single
Xample oﬁ.@e electrical single line
diagram. l

ﬂ ti ocuments
uﬂrg ﬂ Mﬁwﬂcﬁnﬁj ifications.

ere can be a pile of rcmcatlons ven list, and other as

ARTANNIU AN ntae



Overall, the designers are ones whom analyzed all collected data and translate
to his/her own understanding under the common and company engineering

practices for designing theg glgctrical control panel before passing on

tem, engineering know-

ant details (e.g. single line

1.6

The electpal I i prockss &an Be a hectic job especially

r i@ due ",.,- GO Rlexiticsfend®xperiences required. This

\

and@ime consuming task for every

for a newcon
N
can lead to the

beginner. Such scen — € BN Industry as new hired employees

are recruited even

T tode-dg
seem"

. Of the business; although, some

_)esigning process, it

ﬂUEJ’J‘VIElVﬁWU']ﬂﬁ
QW’]Mﬂ?NNW’]’mmﬂﬁl



ir

As a result, “.E' emotional cermned such as the low
satisfaction rate em| ' ' h ' s, the long time consumption
gives the loss of ¥ 8€s. This shows such unprofitable
performance for he-desigiie aly investigated the causes of this,
it is bele bl wmed; the IT tools and

syste

ﬂUEJ'JVIEWIﬁWEI'm‘i
RIAINTUURIINIA Y



Database Customer Needs

‘Fl

Cost Compliance
(if applicable)

Engineering N \\ , :
Know-How ;ﬁ\‘_‘h ‘__/__.l;

Electrical Switchboaneh) s

Relevang@Pigi ' B , Jools &
(Singlegéifie Difigpan ‘ W, System
and“Speci - LR Y

\ oard

fos .”" N0 2flged such as the low Having

been sugg‘ ed @y the Qu pel ;;,: , Mr. Wi attaramaetakul, the design

As a result, it

supporting sysfem ;;{{-"" i afd

newly planned and thus

implemented in orde ~3_,_‘;...--.*m‘=', lemalifficulties.
r f’,.{_g_.,.{f‘f /,

> ma m@ms regarding to the
,,,,,,,,,,, h L.

J

P
ﬁ?ﬁﬂﬂﬁWﬂwnﬁ

1.7 “bjectlve

L AINTRNRIINLIAY

panels.
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1.8 Scope of the research

The research study mainly fQ us gn the designing process in electrical control

the design process, the design

and later planned or adapted

1.9
ssary to establish the

according to the designing

2.

3. ‘ i e base s ' e lcctrical switchboard or other
similar bu3|ess v |

4. ectrical switchboard.

5.

6 ive aspects

1.10 Expected R?ults

fl UgINENINTINT

Lower time consumptlae in designing process after the system is

q W’] AINIUUNIINYINY

designing employees.
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5. The accuracy and consistent work in designing electrical control panel is

given; human error reduction is shown.

The ovewiew% . 0 ort system can be given to
e — . -

highlight th i éliminagy [MTensianding of this dissertation.

ardl gsign is outlined with the
n provide the readers with

switchboard combing

i ‘l':. & ; . Fr \ 'I
This cha r;f uses *"‘"V erat “"\_ ere the technical terms are

appeared fc .,-J_,- ical” en g flell. Overall switchboard design

F o S
Y et

and equipments afe=

A‘f .ff-”}_ o -
kn%led eSerted “they asc mapagement is explored
theroughly in the theoretical aspet C - af

-

chapter. Apart from the technical

Chabie

il .
e | 11!
t structure of every manufacturing industﬂ@ apparently expressed,

The
yet the‘r ily address is on cost structure of the switchboard
ﬂ Hwﬁ gﬁ&w ﬁ Wsﬂaq ﬂﬁt materials,
ourS'and over!
- Chapter 4

RaY AT UNYINEIGH

together with the database management system. These two basic
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principles are applied to switchboard industry and later are the main idea

for this dissertation to follow.

- Chapter5

System analysis iga r planning stage is the process to

scrutinize tha all sy B ig¥starts from the existing system

@Chapter uses a technique

e existing system, which
leads 1Qs '-“d flopf ‘ [Talysi ekithe newly planned system
to liminjgh?1 pés 4 :

- Chapter '
A sys “ carch study where the

nSvstem in to three basic

dgbNyai 'To’chieve the objective of

3 ‘II‘
. ﬁi
hysicali

,\f ghs are only emphasized. In

he @Pplication program design is

planned at this chapter-forre Beknowledgement of the understanding

Iy \0)

-

i{t n tﬁo provide the level of
ih ) i
veriﬁ‘I ion and validation of the results ob’[aine'I om the newly planned

Te

system ‘rﬂed to the previouslyugned system.

AUBINENINEINT

The conclusion is given for the benefits mostly combined with the future

work that shall be perfor(ed in extent of thiMlissertation. The berlGhit®

RINAIWNATY NHARH

verification of this system.



CHAPTER 1l

2.1 Introduction to S

d manufacturing over 25
Yaghexperienced switchboard
"~ @_number of professional
support from the reliable

ne engineering-based firm

0f the switchboard features,
ce by understanding this
understanding of the overall

EDle to determine the factors in helping

2.2

Electrical chhboard is the term for Wpretlng the electrical equipment for

ﬁ@uﬂ:mmmmm .

y the mean to use of electatal protection SWI es such as fuses an CUIt

qmmnmummmﬁﬂ

part, and enclosure part. Each part performs different functions, which will be



14

later described. Furthermore, an individual part includes different equipment

used in assembly.

N\

\V

4

Yy 4

=
Y
\ i

'\ %

. e ff f
F =‘ IAv pr
I" 4 L e -

s | ! " L
The condu ivity Dart f lhe'.con Nt in \I c itchboard performing the

function of carny sidered as a crucial function in the
switchboard. ' JSUCh i at has to possess one main

pefty \can be seen in a
-

jer (Cu). The copper

is certair uctivity; however, by

w Q‘d
comparif the cost issue with the conductivity property’leads to the undeniable

AUENEnINEINT- -

/off the path for preventing the flow of the current in the system. The practical

ARTRIN TN INGTAY

The enclosure part is the element to protect the overall components of the

switchboard elements altogether. It is mainly manufactured of the steel.
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Generally, the specification of steel defines the thickness of 1.6 mm. to 2.0 mm.
to be used in the switchboard.

There are a number of steely types used in electrical switchboard. The

rgfgalvanized steel instead of other types

ﬁsivenes&

MR TANTINGA Y
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- Conductivity Part

[3] shows that the conductivity part in switchboard is made of copper. The
copper is defined to be i ost suitable material in terms of cost and
conductivity. issmostly /f ial in electrical wires and cables.

7 can be done in differently

(IEC) standard. However,

, 630A A\ 125 A 160! &, 2500A, 3200A, 4000A,

A&

ﬂ'iJEJ’JYl@Y]jWEJ’]ﬂ‘E

of Enclosure

LR ASHNRIINNY

increasing because of many factors such as the increasing demand in
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China consumption of copper, the oil price increase, depreciation of US

dollar currency, and the fund investment trend in commodity.

= Functionality part

The functionality Q&g : f current and the protection of the

A C |

.' ant in circuit breaker used.
6 amperes up to 5000
it breaker catalogues [3].

Besides th' ;;.}’?7"’"“"7_ he%@lirrent interrupting capacity is
another - e theb electrical switchboard. The
calllculatlo "'- jhly dete ha.the transformer capacity for the
i istribotion—bosrd =N ( current interrupting
capatit s

E o
The \m lage value Is anothertactor n selecting t}@rircuit breaker for using

in swﬁc?o d. There are two ma&voltage -values adopted: one is the

A UHANHNTNEINT

volts for Ue and Ui, respwtlvely

q W’1 AINTUANRIANENAY

functionality components. The enclosure part is usually manufactured of the
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steel, which can be in any types of steel material. Yet, the most commonly

used is the electrogalvanized steel- the steel is treated with the galvanizing

process by chemicals for ¢ _ ing up the dust and ail.

| is 2mm.-thickness in floor standing
})/k el used.

2.3

divided into three main
e diagram from the
e costing engineering
existing database and
| ’._ 3 v e switchboard designing
d |Cted as f

- Receivingt' ol dighram

The sale personne
e ﬂ:‘)‘j'_
A

si' gle line diag as ‘shown' ir Bhesc specification and electrical
didgram-are-design: V-the-authorize Sarangiheer. After obtaining

Pt H=arS=OC SIGHC =D

*Ceive the specification and electrical

th&s€.d0 fe~estimate and design
e | —

switcu oard will make a contact 1o the customy " for further queries on

these de‘ and specifications t ner with the confirmation of complete

ﬂmj’mmmwmm

The analysis must be cﬁducted thorough the estimate englws in

ARIRINAN: AN

information printed. Plus, investigate any error in the design where
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occurred. The analysis of such design and relevant document must be
based on the following criteria:

Voltage system

Thailand rqu 0r2.
Cono’ucto' e

d. Either DIN (German

monly adopted in the

signer which is usually

specifieddh thg erll'

s j & ’ %
Complfeting is‘ al ?. ing St8p 'Ofdestgning switchboard
will be fy he erfo qp lore 4 iV WP MK associated staffs are

e desln and associated knowledge

possessed : ;;}-

for these analysis—ame=d

ﬂ” -1.- j
electrical texireforenc *"’ 2 . :
- ............,....,....4..._ - 'a.)

£ Periences together with

the iﬂjumulated electrical switchboard knowle

ielether with the design manual from

e in designing of the

swﬂchb‘r
AY NN INHING
ch igning the
switchboard. The swﬁc&oard design in |Iand generally foII

QW’l RINTUHNIINGRY
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The designing of the switchboard is performed practically by the
experience accumulated, which follows the electrical engineering practice.

The designing process gciuglly starts with the step of the sizing of

f/h size of the panel.

functionality part i

al ity to the functional

o | ¥
part,Mich actua ine dra@g. Yet, the conductivity

part as g)nductor bar is Commonl G lculated by the formula. Generally,

A ummj nINYINT
QW’]Mﬂ?ﬂJNW]’me’]ﬂ d
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o i o
. 4—..-&

i —-—-—-—-—-.1.-—-—-—-—-—-—-—-—-—-—-—-—-—-—-—-—-—-1 :,_'_'_'_'_"'_ e

'.Ht H ol u:l:

il Sing |8 BineWiagram.

e last part is the quality controlling
part of the functionaitylie 2ty gone by comparing partly from the

ﬁ%y the clients.
-

b@ard design can be

A
-

f 'f rial describes the part

must be iven according to this drawing. This allows the cost of the panel

ﬂﬂﬁﬁﬂﬂwiwﬂwnﬁ
ﬂmmmmummmaﬂ
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Covdinuons cumisl-Criving capacily of coppar condaciors (DWW 43 8711

Copger concucton of rclingali tois-gaction Amblen tempatutare 40°0 Conductse lnmperatune 85 C

Contitudut oermart in A {lan) Contrues cursan in A (Paistid)

Size Mo of CoMdectons bane rating Size Mo, of conductons painied miiing

mm 1 2 2 4

‘ ,II l ﬂ r 12ad Tl ) .*ﬁt!
| J | JJI

|

1177

A\

.

I

The PMK F?JC dure in designing vaboard is thus pursuing the above

ﬂmﬁ“mmmmm::zz

reaker

q AR I IM AN

existed cannot be properly used because the data cannot immediately
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generate the compact design. The staff still has to do hand calculation. This
results in time consuming together with the human error especially in newly

recruited employees.

&

-x—-—-—-—

Bl
[Fu‘.:x" a

L e i
™

T v

111

Higpeanse ¢

The P d in order to increase

;
Y |

the efficimy and reduce the time consumption for amgliorating the satisfaction

for both cus‘ and internal staff |t

AuEAnIIneng
RI8NA SUNRIINYINY

been said that the company with the superior database can certainly maximize

its profitability. The strong database management can also provide the
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competitive advantage toward the firm such as in The Amazon.Com, who
boasts for the strength for the best database management in the core

competency [4]. Additionallygtt

roper database system management must

come from the caref “' sefsystem by systematically organizing
the available \ ‘ )ﬁith the optimization in time
management : : é

In prewo G b <issqes Bi.rough tools such as the

block diag] ‘».f QN “s@eeification form; whereas

“content.

2.5  Benefits of Date

Data@

switck : (6
— o

Moreovedeesigne e desiqﬂ‘ﬂethodology are often

found the fa re of the development of information systems in the organization

A &M NYNINYINT....

dundancy consistency ef data, mtegratlon of data, data sharlng

N7 AINTNUNIINYIAY

_v such benefits to
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independence, and reduced program maintenance. Each benefit can be

following described.

= Minimal Data Redundancy

As the data havegge leg g redundancy in using the data can

egrated file can ameliorate the

istency of the data thus

flhed pattern, this definitely

filicring, utilizing, and further

Share of Datt ri-ﬂﬁ.

P e D-'
Pl -

The data must b ﬁ*’!-?ﬁ nd

t ﬂm tf@striction of the data

m sers to access to

\icurrently by authorized personnel in

il

confidential 7'
1l {
- Unifomn Security, Privacy, and Integrity Controls

?ga is collected and %nlzed in_one primary domain, the

A UHANEATHEAN G -

privacy of the data. The pltfall can also be observed if the proper protectlon

qmﬁ“@ﬁmummmw
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The data in the DBMS can be easily manageable in the access of the data
path, which certainly give the faster response to the user in searching the

data and utilizing it.

eparate from the programme

: ddlification of time consumption

yatdhanglogramme.
26  Cost Oc

ioned, there is indeed cost
exposed to the ﬂrm t {{he database management. [6] has

sugge,jf Sea e s ™ Iefmting the database

mana@ement =]

- N;, o0 IJ
Whilg |

.r.-
111
e database system needs to be integr‘@d in a desired manner

under tl‘” structured deS|gn necessary to have a specialized

rator s set to control'and manage e Stem success I‘I

- Explicit Back Up

QW’] Mﬂ’%ﬁﬂ URVINHEH

established, it is still very crucial for the company to have the back up since



27

no database system is completely perfect and does not contain any errors.

The back up can be formed in the similar pattern to the existing database.

- Interference with shared

The data in the s /S[€ | ed because two or more users can
access the glesoe g o '-ycan also be altered by others
informing. tﬁ@ can lead to the data

nceptualized in the way

to main the ri@ ' ".,\-. iZatiof Also, the commitment in
data develgomghtimustialsa, l cdWfor the ultimate goal of the
F |J|- N 3 - ’ L -I
' Y |
overall o,ar'u" tion.

2.7 Database in Organization —

[7] claims-that the databas ' ap ban be classified into

three Thein, 2 'I».: ent information, and
o | . |
deoision“slpport systems, Tespectively. Each systém performs the function

differently. ‘

AUBINENINEING....

ARIRINTAININYIEE

rsons.®
- Management Information System (MIS)
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The level of system is usually done by the management level, which can be

from the head of the department in order to support the planning and
]

he-deciaion @in the upper management

control of the process in m. This system is presumably simplified to

ﬂUEJ'JVIEWIﬁWEI'm‘i
RIAINTUURIINIA Y



CHAPTER 1l

COST STRUCT\\‘

3.1 Introduction

SWITCHBOARD

In manufacturi 0 other manufacturing
industry. ThuS .4 - Ca)s ‘ ] ring goods can be
adopted. To bev" i ihd cos fom its characteristics;
for exampl | ke d o ff: o),: 3t costing, and to predict
cost behavioyf(s] ¥ Fr 1e sy 3w faBillijng industry, it leads

to the usage of aterials, direct labour

)

and manufa
3.2  Switchboard Cost _

The maufacturi g mployed to our production

process yfHesmanufacturing=cc : i rect labour, and

the last tates that these

-]
three broad *W@J&

direct labours C‘ni!ning with the manufan overheads, which comes from

AREINIYEINENT.

employees together with ott’ necessary ove ead like manufact

QWﬁﬁ\ﬂﬂiﬂNW’]’JWﬂ’]ﬂﬂ

egories 0

|
e the term Qﬂonversion cost from
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3.21 Direct materials

The direct materials are d

fi 1ed to be any necessary materials that yield the

roduction, the direct materials are

eel ipfkilo@raim jale ©eCeUSeNogalks macket environment adopts this

princighe’ as i is gelz ol N0ditySligrket price and also this
price . ity ¥ i \ % in Thai market.

In swit€hbogdfd @anufaCiurer'ssperse "’-\ W &veiYA copper bar size will be
s Y ’i 5 ¥ 4 | N‘

rtealfironll ol Liodh \Rimiary. the steel price |
converteawiro Squa, "J,? O lHograim: imiiarty, € Ssleel price 1S
i 3‘%* 4 \

projected fr -———=-----.-—-,- et,q8uch that the price used in
calculation for swi »"“ re-wilBesePh verted to kilogram.
Circuit breakers ~andéetectr fing._instruments like ammeters,

Jeters and other controll | ))ased on the unit as

all units are very

“ﬂﬂﬁﬂﬂﬂﬂﬁﬂﬂﬂﬂﬁ

As indicated, the direct Iabours are the Iabours that can be traced Iy to

QWW&%W%Mﬂﬁmﬂﬂﬂﬁﬁﬂ

Essentially, the direct labours for manufacturing the switchboard are often
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seen as the steel workmen, electricians, painters, and service engineers.
This level of workmanships in the production lines can be observed during
the switchboards. So, in switchboard

| assified as the direct labours. The
/ t labour is in man-day unit.

the process of produgir
|

manufacturing pr

unit used for
3.2.3

r cost categories will be
ost includes indirect
ur A--' i " irs of manufacturing

.'i'oo‘;@‘“.;jr Tale. | fi&s costs [8] [9]. Therefore, it

el " i (80b03rd manufacturing design

process P | Yo ~ 8 alI‘i. -ol' of summation from direct
materialé | |lgbours—whic appligdble in all cases. Plus, this

approximation has 6d-fo-many- ages:

LRI |
@ ——As the manufacturing overheatscah be very tiny and
L

= e nde Essary to break down
ot | . |

I | | this costimmediately under thed

sign process.

- Validity proven . manufacturing and accounting

AU HANENINEINT ...

dlrectlf associated wﬁﬂe switchboard dg |ng

QBN SRR
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benefit extremely especially for the future forecast that

needs to be given to the government revenue office.

3.3

above costing structure. These

hg sheets, which are

By orimarily comprises of the

4'-/’ \ L )

rEe b e,é Of,, CO H‘(V .Ye idin equipment such as circuit
/ Tae F R\R

breakers angifins ment will | be; Rytted iR 0gll database as shown in the

e

figure 3B. P ‘

These two costlng and '?"""‘t #Fe the current version of the designing
, T Y . , ,

system in PMk hboard. .d: em, which mostly designed

manugty Q

Event

—
of desig_mjgngineers 0

system sho‘d E executed and explor order to diminish such problems.

AU ‘Vl&l?lﬁﬂﬂ']ﬂ‘i
'QW’]Mﬂ?NNW]’mmﬂEJ

118 Jme and experiences

|
ork. Therel@, the newer designing
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Cost Calculation Sheet
FME INDUSTRY GO, LTD. [ ) Switehboard

Calculaiod By - a Fidira - a By - [} Dty - freirs 1]
Project Name = -]
Switchbosd Nama = Fage No. -
ITEM EOET
R |Gubkie [IGIanizeashes [

8.1 Cutiele approx, See -
A2 Pardion [« 1000 Bakt f Pan

!1 Fainte
ing far

o

(R -y PR AOR, ER NSt Lot )
Buttar Suppor i P17 s E«-‘ & O e -

maulator bype f i i . : :
:ngum”' M - Iy Y , rree o . . T R e
Inaulato { i J b J & agar - T LTy
B.3 Poves Cable type B A : 1
ClF | 5 {4 PRk BB e :

Pewas Cable o ' " i 1
Cable . ol TS B

Povess Coble typo ' S mm - Blght J M

Catle Luffor Catich :
Cardin] Cable type WSFF 5q.mm X
b4 Acceaaones, TR , Chamber.
6.5 Labigur Charge. a

dard No. 1

ﬂUEl’J‘VIEWIﬁWEI']ﬂ
ARIAN NIUURIINIAY
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PROJECT : Mock-Up Project
Q.PI 000-1/2551
Irem Diescriotion Erand Gy  Unit Price COST
Dizcount Price Each Total Cost
AB EACMCC-P1-02
1 |MCCE 2P 11-16AT/1E0AF 18KA 415V R16 ABB 1 3,000.00 S0+10H+10% 1,215.00 1,216.00
- Rotary Haredle { RHE ) For Tmae T1-T2 1 2,200.00 S0+10H+10% 931,50 a31.50
2 |DOLSTARTER 1.1KW /1.5 HP CW 1 1,470.00 B0+10% 681,50 BE1.50
1- MAIN CONTACTOR
1- OVER LOAD -
3 |Auliary Contact Block MO . 185,00 S0+10% 7425 7425
4 |Contral Fuss with fuse base rail mourmng - - AE.00 260,00
& |Pilot lamp LED 230V AC. 170.00 50% 85,00 880,00
& |Push button spring retum ‘ 180,00 50% 80,00 160,00
T |Selector switzh 2 position (L /R ) Sw 1,020.00 | 45+10+10+10% 408,67 A08.97
8  |Control Relay 4MCOVNG coil 220V AC. ; 238.00 B0+2% 115,64 578.20
- Socket 14 Pins for RU4 i—r-—"-i_: 178.00 50+2% 87.22 43810
8 |Cubkle Steel thizkness 1.8 mm = - - -
- Approx Size : soomm. | hoowsd ) civ
- Wire & Accessories.
240550

3.4

It is cumbersSo n desi
must be able 6 aut ,’r':r“’f&&

,»F.iﬂr ',- “T
I

jtchbadlid, the newly proposed solution
e aPbove designing sheet promptly
with the less amoun:

The @ g . @w design engineers
t

switchboard.

m

S|g ystem will include the

”ﬁﬁ%@mﬁww
RIANTUNRIINYIA




CHAPATER IV

SYSTEM DEVELOPM

S\
——

41  Introd uctlon;—-;———d, |

DATABASE MANAGEMENT

e principle is necessary in
Under the study of our
w this principle of such

e o ept ofl syste Ve 08 ar life Cycle will be apparentl
Y & e Ve N pparently

/ O, AN
th #fhe \anage the\Syst8f by introduction to the
/ Al [« ), AW
i h@& apterto gain @ pemknowledge in managing the
j q\: .E \

switchboard de N sygHShee &=

4.2

Ilfe@ycle (SDLC) and non
ecades, SDLC can be

ﬂﬁﬁ@wﬂmfﬁmm .

velopment of any system Thus, it can be found suitable in applylng this

N1 AT IR Y

elaborat

tradltlona "methods. Having been executed over
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Typically, the SDLC is performed in sequence as implied in other name of
waterfall model development as stated in [10]. The following figure briefly

depicts this waterfall model.

PLANNING

ANALYSIS

Y = |
IMPLEMENTATION ‘E‘;:_—'—-f- DESIGN

o o ¥

il L
Figure ﬂhe ) [ﬁpted from [10]]
o, Y
‘ Jeesign) efatiorfard s¥bp spectively. Fhd std® names are

simply directly interpreted. ‘ o

QRIAINIUUNINLINY

will be implemented.
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- Analysis is to determine the system in various aspects. [11] has
summarized these aspects into the following points: investigation,

technical, economic, o jonal studies, and requirement definition.

uirement of comprehensive list of
Gn of the system to explain the

they work, construct and

s been accomplished.
g anseXecutione B SYala by users. To convert
br .’; in .' % hi - system can be done in
. -_w Wilust be the pilot project

the system.
" =w IT support staff usually

| \ { \ |
ifis roleM ‘{;’ S\n User help and maintenance

functiond ¥ ft{@ :
As succinctly exJa ‘ ‘. ,' ’ t‘hod, it will later be carried out
throughgut h. Sim aS;ﬁmelnalggement system,
thus, gs e overview of the
A i 3n
process -leid atiom of its database system;
| rﬂ
since in- S|gn|ng switchboard, the database is a portant element in this

upportlng

UEANANINGING

43 Gatabase Management System

BN AT URYINEIS B

he systematic form to benefit organizations to operate effectively and

efficiently. Most of the database functions are conducted to support the major
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functions along the company value chain. Nevertheless, the system can be
conducted to be a main task in the value chain to optimize the profit as well

[12].

4.3.1 Introduction tQubatabase! ‘3/%}"‘

« Vo

nentBystemJIDBM AN

] ¢
B Al

be clarified in a number of
asgriefly explained the DBMS to
i g maintaining the database

by t s ith#thg provisio ‘ ntOlle = ce W8 made by the users.

e gbé & - ,-I"i,i - wiyhas provided a number

d0esffug %\t ré; olof gata 0 lndancy, the consistency of

g
ese primary benefits are

definitely @bplidh t8 s 1;;—;- ’."-.“»,a.
J e

4.3.1.1

@ are similar to other
)

Q)ocedure and people

- Hérdware this element is certalnly Cru0|al for users to operate as it

AU g ﬂﬂﬁﬁﬁ’lﬂﬁi’;ﬂi

storage.

q W’] AT AINENAY

as C for manipulating the overall system.
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- Data: the most crucial part of the system can be stored in the

schema, which is the structure of the database that contains the

gl dj‘} uideline users of the operation. It
. Q, Al %It can starts from the log-on
odlf‘atlonmary data in the database.

T related staff, or the

tables and attribut i‘

stem management. This

Mednest difficult factors as it is

4.3.2

, h ionships of the entities are

linked by nQifpro .uq, Lyﬁ‘ langliage SQL and the application
software written b C#NET call Slimate Calculation Program developed

£

tefiboard Design, the above

Sak/*consideration.
he

4.3.21 Databae &mmg for SW|tchboar sign

AULIN HNINEINT....

process of database ?)pllcatlon to be dentlﬂed as effectlv

q W’] AINIAUMIINGIAY
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By thoroughly considering a number of relationship from entity-relationship

model (E-R model) from [5], it can be pictorially illustrated the relation of

entity by the subsequent b Is

ﬂﬂgiﬁmj NINGInT -

deS|gn engineers are |dent|f|ed as the de3|gn functional area of

QW’]Nﬁ‘imﬂm’]’mﬂ’lﬂﬂ
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Switchboard

Q

Direct

%&,-
WM,% %\\1

¥ i
¥

f GG fE N\
Blourg4 e SWitchb@ard Design Rl@nning System E-R
o -';ﬁ'- 1 F l’\

i

The above gftity felationship i bies Mstrated the planning system in
supporting the s ocess. However, the attributes of
mwhilst=in the latter chapter,

Wwipment factor such as

-
u-l- C

Coppék| CIfe f
it | il
ConsMuently, the planning diagram is guiding'jﬂ'e database system for

swﬂchb‘rﬂpport process. The M chapter will explore on the analysis

AUBTRENIWEART

and proposed design systems are investigated smultaneously for the

readers.

'qmmnswm'mmw



CHAPTER V

)

—
5.1 Introducticm;—-;———d, ‘

chapter willg off theexisting SkStermianalsis together with the newly

18, system analysis is used to

/: Ofe, ';i tl". such definition, the use of

\

e_nt ection.

52 Current System Ana for Pl d Design Support System

The % _ e ‘ Loj\ on the spreadsheet

progra peomf In brief, the existing

Ll | .
system iMdesigning switchboard is mostly done mart

lly, only the equipment
ata are stogtﬁhe excel program. s _

hug i@/%ﬂly a dWiﬂf@sﬂh@rd to result

| ﬂ the bill of material‘sumrﬁary has been used for a humbefofyears. However,

ther iss e dissatisfa 'org ongs inyol ies by using thi s thoe

QRIS IR Y

time consumption. The analysis of such current design process can be

summarized by the cause and effect (fishbone) diagram in the following chart.
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43

Effect

Wllshikawa

) enl , shb iagre 'a vented this diagram in order

¢ qu ty mang u?, f D blem “-R h&shanufacturing process [12].

Presently, it is e}€cu “——— ionSiihat have to be analyzed for the

ﬂu "I"' ¥
inﬂuepflngt - ""*

Ther six-major-factors-described-by-ishikawa-affecling the quality in any

[This diagram comprises the factors

manufaetur] 8" ad@ted to the designing
| |

| , . .
procesthhe switchboard nonetheless. Plus, this f i gram can be exploited

for the |denwcan of cause and effecWhe design process.

AUGINENINEINS

Machine can be mterpre‘d in the tool usag the process for exa

RN TUHNINETAY

example.
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2. Method (process)
Method or process in any manufacturing process can be the production

method in making one wogpden chair such as the drilling and cutting

process. The proge ofgany dissatisfactions occurred which

s board design. This significant
ime or making any error in the

going process and outcome

ifement level of the operator. This factor

LS sign - tez\of accuracy of the
5. M3pd J

| . |
I |
The y.lse of the problem can come from thdﬂwan or operator. In all

manufa@rﬁprocess human ervs considered to be the significant

AU INURINE] tlfz’:;:;::

of the design engineer (‘n generate the ef t of the problem fou

RN NN Y

6. Mother Nature (Environment)



45

The Mother Nature is the factor that cannot actually be controlled by any

involved personnel. Since this factor is uncontrollable, general

manufacturing process has; t@ be under careful attention of necessary

parties to preve | &!f isf factor. In the case of switchboard

design, Mot | €. _)}Amportant because the design
is | @ s fice.

Apart fromz pafsing”The des ' Besssby the fishbone diagram,

the in-dept ' od_c@nd : sign engineer managers

can beViewegl glyaintnt ferilige Gauses of delaying the design

~8l spec ’- V|de \
P cr/ OI0 o\\

. Waiting f@F techj _h_:'—-? L thessippliers.

F

J t B e W

Inexperienced ¢
=, /,

_Other ig Jesigns | grfered,

1
2
3
4
3
6& . stperforming-the-design customers-ierminaic.ihe design request.

oW emerging design
réﬁll&hon interruption. -jﬂ]

Inap‘o te working amb|enc ch as hot condition.

fl umm ﬂm NHNT
Q WY mm@ﬂwww mﬁ@ﬂ
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Environment:- Machine:- Measurement:-
Unpleasant Working Computef Reliability  unsystematic accuracy &

Atmosphere e.g. hot K orage consistency measurement

Delayed
Design
Process

 dagugpent process
od due to nature of

e dfagram, it is inevitably seen that
the method and man=cary t the ‘ oots of the cause, which can be

chan ag ed by ita nization. As stated
abova, e
L)

with the ﬂc
time con ption of designing process.

m(h“]ethod other facthan influence the undesired time

UHINHAINEINT

| @‘feot can be undoubtedly manipulated by human as opposed to method

0 arme prime causes for the
111
L

stem and data r ement Thus thlsMhod

HAYENE-18 &

factor that can be done b

SRR

—
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As current methodology takes considerable time in designing switchboard,
these difficulty barriers must be diminished and eventually eliminated for the

faster process in preliminary

system has to be developed to

5.3 7 , PMH itchboara™Besign, Support System

5.3.1

The scope ¢ of \‘t PMK will be the design of the

SW|tchboard withs @P€uments of material used for the

electrical diagrash her, the cost for the design is also

Qka 7,— | r@ programs will be

d&l f pplication program,

Wherﬂ}ye later

englneeé and database.

-] ummam NEINT
q W’] AT INENAY

switchboard design system is summarized as followed.

he intﬂce between the design
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- The user-friendly function is a mandatory.

such program set.

By acquiffhg s tion #Om. intervial the analysis of prospect

desidf sup , $yste

5.3.3 Prospect tg A&q'

There are Mive dafeas ) ‘-,_:i M€ design support system in
switchboard, Wh adapted | There are investigation, technical
TR ’

HpEe @wal feasibility study,

_}|ons. All aspects of

nvestlgatlon ﬂ'
r explor the des ort system for PI\/I switchboard
ﬂ u ﬂ W ﬁ h| h isficonsidered

difficult in deS|gn|ng as the intricate nature of the SW|tchboard

R Nﬁﬁﬂmum INBIAY

designing the switchboard, which contributes to the increase level in
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customer and employee satisfactions together with the reduction in

error of design and cost miscalculation.

Technical Feasibili

Jflvo ill :i‘f"..
aig .,,.- ,.{!;F Dloye %\H \ appropriate for the intended

'pe'ration of the system.

b turds must include the program in
building .upsthe-design : witchboard design, which can be
S i:'f‘l/‘

f) ' atiﬂb program is used to
k i g jr, which adopts the

II ] I

‘ dl
In conclu€ion, the analysis of the support system* has been given. The
ubsequen[‘cmer will investigate uthe design of the overall support

UHANEATWEANT

| Qatabase system and appllcatlon program, which will be focused in the next

ter of the research

qméansmum'mmw



54 Design Criteria

In designing the switchboard, the design engineer has a number of criteria to

strictly follow becau ol ering knowledge and practices is the
point that cann M . Y etermined for safety concern.

The mandator itCh pufacturer must follow is the

541 Reaso

In conformingfo 1€ sfanbiardifoftiesignifiaithe SWitchboard, there are several

reasons tg | afidard*@no desi@n ‘Chifer™@lin order for all designers

to follow. Thegl sefiind ctiteria, cér 'c,w.“ni befefits for the clients as well.

\

f ‘.—-‘-&r -"-lr

B e

- Correct design .“-::'

ed from abroad, it is necessary

@/\/Ith this standard to

| ‘ r-;
- AdjuMent of clien i I'

Most of?e me, customers alwayvncern on price factor- the cheapest

AU, INeNinenT

solution of cost optlmlzat‘n to IEC standard or the client standard

q W’1 SINIANIINLIAY

lack of standard cannot be occurred in PMK design criteria. Therefore, the
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cost optimization with the PMK standard establishment is the only offering

made by PMK designers.

- Designec.Reminding-F: y
-r—'-e_‘.: : 3 7 . .
The dem_(v gner to strictly follow the
IEC stane® ‘ NE orld. Plus, this reminder

d correctly.

t8ken the rules of IEC standard

seriously. Tf J-‘ g ‘elements, i h"\i. step: electrical single line,

specification and’ custorer requi ki ill be later screened by PMK

staff with IEC compli& riteria. This further leads to the

) = /‘-‘1:' :

switchRQoard de per propesal.

Having. ;.-...._.-._......-_...__.,..._.......-....-_._.-...-.,.,.._...-l' € compliance. There

are a MIMbe n-8rMer to be placed in the
e . -
M
sysfem in the further phase. |

design

ﬂUEJ’J‘VIElVﬁWU']ﬂﬁ
QW’]Mﬂ?NNW’]’mmﬂﬁl
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Electrical Specification Customer
Single Line Requirement

: PMK Standard
Screenir _ — . (IEC compliance)

e
e
-q"’,-
M o
‘@listome 1
} Propa "‘".:5"

4 r‘,..d-.irql |
i ¥
e it

= '_'J L Y ¥

The Compleﬁ the standard has Ie(w company to design the switchboard

AUEINENTNEING

prior to the implementation (‘[he SW|tChboard n program.

RININ URVINBIA Y

Obtained by COﬂSIdeTIn an s follows:-
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Current Rating with unit in amperes

Voltage System with unit in volts

.
.....

ﬂummm INBINT

Figur 5DD sign Criteria Model
'~

QRIAN TN INGINY
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By contemplating these two factors, it can generate the model of the used of
copper bar and panel size, which implies the use of steel for each panel.

Recalled from chapter 2, the yel

equations. Initially th panel starts from the calculation of

Mostly, the Safetylifactorsanged i

- !'-_.d' s

to ensure the toferanGeievet 3] =

A% to "'\, b0 IS added up to current value

Precisely, the val -Q:"W be generated by this equation.

G
e£ hich must be more
=

The Curi' dt ra eled@
availability. The range is 160, 250, 400, 630, 800,

000, and 500
hig |

according to market

50, 1600, 2500, 3200,

ANYNTNYING.- -

%Ieotion with the following size.

NIRRT

j=0xE
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The j stands for current density with the unit of ampere per unit area.

The 9 is used for the conductivity factor, which can be provided in the table

[3].

By simplifying thigsetuati /)ollowing current rating can be
given in ordersto -,-;'_ tin‘cons@lation of the conductor bar

size in m ‘ dnt. Thiseec ervasively calculated to

acquire the g 't o/ Oross ¢ =} ‘ opper bar. There will be

This above e i grates [ 10 baftable Tor using in connection

with the cig€ui ' his«pa -. dpd summarized into this

panel size in conjunction

5.4.4 Selection for Panel Siz

_)a; the primary factor
for sefee he s ple of selecting the
panel ca | e illustrated.

Regarding ?[al the panel size can hosen pased on the circuit breaker

Fﬁlﬂ mgmmmm:zﬁ:;

at half of circuit breaker lew For instance, if.the circuit breaker |s

RIANIUANTINGT a8



Conducting Current Rate at ambient

temperature 35%c and conducting

Weight temperature 65°c
Bar Size (mm.)
(kg./m.) Bar Amount per Phase
/| Bare Rate
1l I
12 % ( 310
- 17 ' 398
- 6 [ 285=—- "~ 811
0 B 921
’ 690
0 X : 80
1 3 0 B, 787
25 5 \ 8 7
D X 896
30 X0 678 3 0 80
0 x sl 1090
40 X # 3.571 1290 & 1770
5 3. e %240
i 1 4y 0 2040
¥ 60 1440
60} 1 2300
70 X 10 = 1748 2104
75X 10 4 1832 2193
1
'—'} = 0
: =’
m 100 X 10 2480 @260
120 X 10 10.71 1740 2860 3740

200 X 10

56

ARIRNTAINNIINYINY
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- Statement of Problem
During designing process, either design engineers or customers may

request for unnecessaril er. panel size above the standard of IEC

i/

switc" Joard of parfﬂ' may imply the better

switchb(?rd. This seems incorrect because the larger size does not mean

ARIINBNINYTAT

competitive marketplace‘

RIAINIUURIINLINE

optimization must be exploited thoroughly. Thus, the author has added the
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optimization feature in the application program by alerting message box of

non optimization found

- Alternative Solution

After the redunday program, the designers have two
Jesignery _ on optimization found and
ill insist in the design, the

ice and material for the

Proposed S@litio r’;"'.-f

th

Following tl"sﬂof designing the pa |gthe designer can rely on the correct

@nm NENINEINT "

signers afterwards will g(‘through the dataﬁe program that is u Wlth

RIAINIWHAT NYIRY



CHAPTER VI

6.1  Introduction § 7 A
—— : ’ . g e ) o
After understa“qﬁe———d uilre.s lementation, it is the

next role of sygie A iskha viflex ore.. e support system is

designing switgl v R \ & i sdatabase design and
application desi .v ta ds e desie ‘Sssedien how system operates
based on thghd of whitstthe ¢ a emphasizes on the
program funo}j Joidors . ween d \ " and design engineer.

For database s ‘ f ‘ q pohents are referred:
conceptual, Iog,-v ‘fﬁ ' Ci Ik this research study will
show the supporty ;‘ design 7_ h U of the design. Also, the
application design for interfar ' iadesign engineers. However, the

program .egde f@ : Jbase an o not be strongly
4!

¥y

Auringmingany:

design that can be fit to the Pl\/”‘SWItChboard sup system

ARIIN TUUNIINHINY

focused YnoEEiheteseatch
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== T T OV'eralI'I'_f_iatabase Designs

Conceptual :

DeS|gn \w

= 0 |= Design

)

|

|

|

|

|

| Logle \:‘. A Application
i Lx_ Pp
|

|

|

|

|

|

Fi€ ur‘ AT uvt Dat s ~\~A Diagram

6.2.1 Conceptual DEsig -_,JJ ,7

“J"

[10] has claim : esign is the model used in the

design at the initial stage for ur A , and relationship of

b, "

a ard design support

e |FT
systeﬂvﬂ the con esign iq&ovided as in planning

stage to?ther with the program implementation for the database program

AUY INYNINYINT

mentioned in this Chapte?

QW’]MI\‘WJNWYJHHW&H
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Follow the conceptual design, the utilization of ER relationship that has
been previously mentioned is once addressed. Plus, the logical design is

the process of constructigg, the model that relates all information in the

Referring in thgsplatRing ’ : _ base design, the methodology
is the addition sion‘rrie ; pter.

This s ageReT e

K switchboard design

Size




62

Flgu' and 6C show the rvonshlp of the main components in

ﬂ uﬂmﬂm ) b A

cost as can be refer‘d to the Costlng ets as referred to t f ure

QW’l AINIUNNIINLIAY

3A comprises labour cost and engineering overhead. The engineering
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overhead is certainly the predetermined rate of 3%, which has been

used for many years and certified by PMK accountant department. The

structure of the overa
b

'

our costs is illustrated.

Man-
Day
Rate

Cost

As eeller explained, the man os for manufacturing switchboard are

A uEIngms: WIS ..

relationship of cabln?sze related to ma day rate; on the cont

q W’] ANNIAINNIINYIAY

contribute to the costing sheet in figure 3A. However, to complete the
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overall costing sheet in figure 3B, the main equipment must be added

with the logical structure as in figure 3E.

ﬂ zm%ﬂtnni
amammwmmﬂmﬂ
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Afterwards, the costs in each category will be added to obtain the
overall cost of the design together with the overall design of that

switchboard includin

izegand each component detail such as model
The ove (e _ 1 nd thus the creation of the

115 [ i) mming in the session of

6.2.3

of database in switchboard

uted for such physical

-:.u.u & rpdars = u
prallll Bina: mzmu [FaadiD’) RPN TonAnod [’ L“ .

q W’] AN T

Figure 6F Example of Physical Design in Creating the Schema of Table
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The above illustration shows the schema created in the physical design of
the PMK switchboard components. The database created in the schema is

manlpulated by SQL, the data manipulation

partlist

pelocation

ﬂHﬂ’Jﬁﬂ%‘liWﬂ'\ﬂ‘i

update projectcubicle, pI'OjeC‘

RIAIATURRIINBINE
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The overview use of database is started from the cabinet type selection,

and then the breaker models are selected and retrieved the data.

i

Afterwards, the exploratiog f copper bar will be retrieved which will lead
the overall panel ‘ /

\ »Z/ﬁ cost of information retrieval in

F cogper Ay

The summa

f overall design of the
Melah.of database cannot be

“C wOrogramming has to be

6.3 Application

The overall offapplicali 6_‘,,"-. Ja il e cxetutadiior interfacing between the

. o : \ v
design engineg | —the —datak tem@in program SQL. For easily
§ L

explained of the afs esign, the logical design of such
program will be

The c‘;_' ~heving to choose the

data L ait

e
proceed.iM describe

the Compon?t of application design.

="

AUEAININININT
RIANTUNRINAE

database has been

|
will be f@rer investigated as it is
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Master Data

Input all data into

database

v

Save data
In database

W’] ﬂﬁﬂﬁfﬂﬂ%'}’jﬂmaﬂ

Design
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Steps of application design supporting system:-

- The specification and |i ? ical diagram draw out will be conducted to

.

ensure the correstiof'dat

\Bkice and component details.

The overall of pI| 'f'-ff“‘qa. ecuted for interfacing between the

design engineer ”'ﬁﬁi ’ﬂ‘mv em in program SQL. For easier

expl ’N C @al design of such
prog% 7 d J

The exan sh "

'eo

cm There is the summary
L]
of items Sed in the panel, which are listed below of the program screen. This

ﬂﬁﬁﬁfﬁ“bﬁ%’w 841
Qmmnmnm'mmaﬂ

ulation.

nC
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Loverf/indoor Urawing

File  Edit Data  Test
Tools Box 1;" ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

o8] select

Ereaker

\ Feed

|28 Cabinetline
100

Properties

',J"'Il mvm‘_lw‘1“||||||||||||||||||||||||||||

EITIS J

Items lr

Cubi

g o T
) Cubicle Size/lI0 500 Zalkndle

Breaker 'f‘:{{qm

S T1 1608,

£ T4 4004, L -
LT

fjn in Switchboard

hapter will

y enerah’gﬁproiram result, theualls are_listed in the de&in together

HINUAITNEAR

%rn‘y the data obtalned from the program in comparlson with the prewous data

q RGN URIINGIRY

will also be compared in order to yield the data verification that produced by

the program.
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6.4 Essential Principle in Application Program

er. in detail of the fundamental of

' / igh which the cost priority is the

Therefore, itwi ‘ X ming™esggnesate the combination of the

This paragraph conte
application pro »

design princip

- Randgh # 2 ombination Wthe variable, which are

£ | 4',:'_.'

caffigur, o' f Ci -f_" preakers andipassiblSset of panel sizes.
f ¢ : \

= In gg 'ra g the, some f‘ ‘ dncMlthe feeder circuit breaker
4 A

models | amounts of circuit breaker

feeders are not ISider '-' DF In combination.
ﬂ” -1.- j
e ”" > e._cost factor, this means the

] ist are ranked in the

-7. -

ot '
il | ll
- A.Mhere can be a vast number of combinatl‘ﬂk appeared, only first 5

mos‘ ized designs in Costullsted for the designers to select for

ﬂUﬂﬂ WEUNINEINT

Prlor to discover the 5 mo‘ optimization sw@oard design, a nu

PG NN IR Y
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1. The main circuit breaker can only be placed in vertical due to the panel
specification in the factor of engineering operation criteria.

2. Feeder circuit breaker:

an be configured in both vertical and
horizontal positi b "

3. There ’ b , een horizontal and vertical
g _offe i éhe same panel because of

ompliance [2].
6.5 Switchboard

of this concept can

The follow gl pstrate® tHE COmbination of any panel
combinations - |
H stands for i Sor -- cirOull breaker, whilst V stands for
vertical “?—s--s----*d"-t-i e last column of the diagram is the
panel size, wheregih -"-'r‘}-j:'w ,‘ elction of the panel under the
optini aton.

Fori roljt'breaker Of 250 A x 1
unit, and|fdeder circ units Wiﬂhe 5 panel sizes. Thus,

there are 2 ?odels of circuit breakers; the otaI combination of this scenario will

ﬂﬁﬂ‘lﬂﬂﬂ?Wﬂ‘]ﬂT“

e panel combination emWJys this principle in generatmg the Comwnon

ARTRINIW AMTINYIAY



P1

H P2
Pl

Feeder
Model 1

P3
P2

P4
P3

P5

P4

Feeder

P5

Model 2

P1

P2

P3

73

P1

P4

Feeder
Model n

P2

P5

P3

P4

6J The Panel Comtvmn Generation Diagram

P5

Ut Angninnng..

pproach)

WAy NIAUNRIANKIAY
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1. The input variables must be entered into the system for generating the

combination of results; there are two major components to be typed in.

= The main circuit b 2§ with the current rating

\ f///the current rating and unit used in
It Canﬁthat‘ere mﬂe main circuit breaker, yet

kers with various current

Willhbe randomly created and

c with the concluded

k !
i )
| %
) O A t| §
4 lh !

il thro "1,‘ 5

iiher horizontal or vertical position)

To bett |‘un eneﬂon of the application

program, the program illustration will be further Shown in chapter 7 for

ﬁﬁﬁﬁnﬂmﬁwﬂwnﬁ
ammnsmnmmmaﬂ



7.1

7.2

CHAPTER VII

SYSW W

=;_.g

This chawv‘ 1

Introduction

y of the outcomes from

anual method and the

ioment list, cost, and time

». aré unidentified due to the

Pilot Project Verification== s -

Five \gird sGrefthe reliability of the

SysteM-€ar anually switchboard

e =
.Il
i

To be Conwe the explanation W||| done by mock-up names for the

design ope ration.

ﬂﬁﬂ?ﬂﬂﬂﬁﬂtﬂﬂ‘i

The 1600-ampere ‘anel for main gi uit breakers,

R AINTRINNYINGNAD

Table 7A Result Comparison for Project A
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Project A Actual Cost Manually Design | System Design

ltem Lists Same Same Same

Cost in THBj 278,900.00 255,697.25

Time ek 25 minutes

9.24%

- Pj e‘ct

The @50 ndbrd !' 1 ers, the equipments are

omp "\’.' or Project B

all'the s@ime '.*é
i  ,| J N r‘"l, ’f

am@ally Design | System Design

Same

Same
|

[ .g‘_________,_,___,.._.-.——"-"""‘;‘ 8 J 225,455.50

- . =

18 minutes

fne Usage

45 mirgﬂfs

Audanemingans-

QW’]G#ﬂ‘EﬂJNWYJWﬂ’]&H

The 2500-ampere panel for main circuit breakers, the equipments are

all the same, yet the price come out differently.
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Table 7C Result Comparison for Project C

- Proje f /,

I
0-2
5

H 4

The 3

_

|

'a

Project C Actual Cost Manually Design | System Design
Item Lists Same Same
| e “ " ;
Cost in &8s \3 7, ._ ¢ 925,675.50 499,875.00
ol h - ‘.

~—— .

Time Usages= 32 minutes

6.87%

pn for Project D

Ti

A

Project D anually Design | System Design
_- Same
s ,Oﬁo 715,987.25
. "ll
Usage n/a 1.35 hrs 40 minutes
d"f :-.’J’ "1 "“ _
' v ¥, 8 1995, ¥4.09%
Actual Cost )
¢ o 3
i w‘ A bl ‘
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- ProjectE
The 4000-ampere panel for main circuit breakers; yet, the error in item

list for manually desi

| u
during the degi \ ever, e‘gystem design generates the same
—1o (o YE‘GSUI@M Project E

und as some equipment are missed out in

Bl csign | System Design

Same

988,325.45

48 minutes

6.29%

Wable designs must be

)
e |
generated However, before

identified. ‘A /s
AUEINYNINYINT
q  STorchu areer | -
In the design of switc‘board, the Constrﬁ of the design will bv the

Size of Copper Bar

|
e design is generatedﬂhe constraints must be
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The size of the copper bar cannot also be altered as it will be fixed with

the circuit breaker current breaker.

Possible Variable Fac iy Design

cirg |t4' e k be & pfigdred into two ways:- the

icalimodel is the placement of

vertical a horlz fa delsy The a
circuit bg€ake ,-,_,,r‘ tio hilst the horizontal model is

&.-.r

placed vice ver

#P 4 e ¥
,.4 ..;,w_,

Figure 7A HonzoWosmon

ﬂUU?ﬂ INYINT

a y
R ANNIUANINYIAY

Figure 7B Vertical Position
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Design Scenario for Optimum Design

The design scenarios above thus can be arranged into four major design

arrangements which ca by, each scenario with the statement of

its criteria and d @esi }
The following Aame condition of one main
e —

circuit brea

riogl (NBrnflal Desigl
-"u‘;uj'.’:;‘ SBreakers ane.Normal Size of Panel
' o Bl : |
scalfari IS Q’f_i-*r:rv.t- efbasie orthe standard panel size
y e ," * i \

‘l
“d

@bpper bar as described below.

PR

o:--T_:"L_ aFio is 12,853.98 THB. This includes the
@’W am, 160A bar of 510 mm.
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Calculation Wizaid
Items Ama.. Unit Total Cost
Cubicle

DB Cubicle Size 400 = 300 = 200 mm, 1.00 Unit 1.450.00

200 Uit £.000.00
100 Uit 4,500.00

— T
 hSiBee 400 4, ' o 720,39
g readBore 250 A0 : 3811
cegfiare 150 A i ; 102.88

i '} 1 "
- ital-Cor ieN@f Cifguit Breaker)
Horiz {{ nﬂg ‘.*.,Tw guit . creg@nd Normal Size of Panel
f l’il
This sce '.r'- i e Dg of the standard panel size

generated by '7
&

The pane 8aecoper bar as described below.
Yot -the-total-costfre 18700684 LF B. This includes the

i, B0 of 1170 mm.
et ¥

i

M3
qR189NT
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Calculation Wizard lE

Ibems Amo.. Uit Total Cost

Cubicle

DB Cubicle Size 400+ 300 200 rmm. 1.00  Unit 1,430.00

300 Unit £.000.00
4,500.00

7343
34.22
238.23

- Scenario I ChangekinPané 2 Factol

Vertical €onfif ersand Larger Size of Panel

ac copper bar as described below.

5,43 THB. This includes the
Ay

_ Jnar of 1,305 mm.

il W
AULINENINGINT
QRIAINTUNRINYIAY
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Calculation MWizard |5]
Items Ama.., Uit Total Cost
Cubicle

DE Cubicle Size 700 500 3 200 mm. 1.00 Unit 195250

£.000.00
4 500.00

1.234.24

,_1 , are 250” 92.89
[“FEEd Bare 160 265.80

A l
fé‘,

- Sceglrio 4/(Clfange 1 r/z Size fid

|.

Horizogfél 0 nfie & E,' itBre and Larger Size of Panel
P 4 I , iI
The panel@ize |s )0 "ﬁ;e‘ ith the!opPer bar as described below.

-ﬁ.ﬁ :

Yet, the! otaI 0S is 14,292.25THB. This includes the

400A bar of £ g;; g

.$ 05 mm, 160A bar of 2,265 mm.

as figure 7D, only the size

ﬂUEJ’JVIEWI‘iWEJ'm‘i
'qmmnswm'mmw
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GalculationyWizand @
[t

[temns Arnia.... Tatal Cost

Cubicle

DB Cubicle Size 7007 500 200 mm. 1.00 Unit 1.952.50

300 Uit £.000.00
1.00 Unit 4,500.00

1.344.22
3422
461.31

7.5
5CEeNa \,| , these scenarios can be
h, DY depth)
ation of 4 Scenarios
Scenario | l 4
Panel Size H700xW500xD200
Main Bar ‘
1,515mm. 1,650mm.
Size 400A

FY K

=r; ar '.
Sizeg)A 7

NGRERIVEY

WU
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Configuration Vertical Horizontal Vertical Horizontal

Cost 12,853.98 13,056.82 14,045.43 14,292.25

%Difference

from lowest 9.27% 11.18%
cost

The pa clg an be changed. Here,
there are jguration and panel size
in case of C

The nor | tog fw ity t Use'diprdgiem generation in panel
size leads i ;*,lrr cos '\ 8y vortigal configuration with the
program  sele "_ i6 e "S8cond best cost, whilst the

/788 \

horizontal ¢ fig t|on f,-...‘:'rv R Of ."\,\ el aAd the vertical configuration

and larger sizg Pof pan -fu i the d fQurth best costs, respectively.

However, the dn‘fer _ ""“ @mit._breaker configurations can only

slightlysyar S in ca ﬁjlarly the scenario 3

A nmingang -

ol RNIAIMINYIRY

Step 1 Input all variables:-

w S
This can=e |gn to be normal size

rr‘jra V on |
selectio m panel together with the vertical circuit br
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Type in main circuit breaker model and feeder circuit model with the

amount. (Input: Main Circuit Breaker 400x1Unit, Feeder Circuit Breaker

160Ax2Units, 250Ax1‘% ’ '
\ If)

e heyy Cubicle Wizard
e —— 4 —
i 1 471 4  ——

il

e SN

eneration Program 1

ﬁﬁ@i@mnw Tt

ranked no. 1 and foIl wed by the remamlng 4 orders with the 20 total

QW’lNﬂ'ﬁ‘mﬂﬂ’l’mﬂ’lﬂﬂ
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Summary @

Feeder Model | Config |- Total Combination | 1

Best Cozt Order by Cost
Mo, F'arleISia H a5

0 mm.) Flacement Cost

It *ertical Z3254.60
Haorizontal 2046688

tical ZE7ER.A0

iigal 2777934

27355.10

ogram 2

¥

Step 3 Desig em' a&ﬂ. <4
F 'y ,

¥ "o o Py

The desigif genegalion oLtk
layout fof the Gfbtimization  d

Q A L)
7

¥ 4

el is [@8tly denerated to show the panel

-
|

sl
AUt IngTiE N3

QRN TUARI NG

Figure 71 Panel Combination Generation Program 3
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RO
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Step 4 Design summary:-

The design summary is therefore illustrated to show all the equipment

used in the panel with {hg list of equipment and its quantity.
« AWM AT A

agtion t"‘elIk o8 on Program 4

The Qualitative ApproachEm=Syste rfication

The & aﬂr ppducted primarily in the

in-detfinie r', ke readers can find the
e |

interviewi @ topic in the appenarx. The results su%ary shows moderately

satlsfactlon‘y ht personnel and ¢ Ietely satisfied by seven personnel

ﬂummj mﬂ NG

oIIowmg topics.

mummmaﬂ

S

= Training Need for Using the Program
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- Future Adaptation of the Program

- Overall Satisfaction of the Program and System

i ¥ .
7.8  System Guidelines \\\"///'
Prior the oo@ Sywm, t@eline is provided in order

fulfil the re iQR=LnE"owdgline \vill be pointed out in the

amming which is the
n program of C#. The

IBkogram for the user to retrieve

- Programy@se. ,,..r

et .

The use of the Diegram-cambe.ound in the appendix. The use of the
,'ﬂrogr d th e user-frendly function by the

- SyStem_Drogramm....di esignof o drag_—and g 0P fechnique with  the
'\

W)

DIE o
| ‘ ! .. II
- q@dr and Maintenance “

Any ‘rr und while using th gram can be directly addressed to

AUBaN BRINEINT:

company to main system to ensure the system

reliability.

R ASATRIINI AN Y
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The system and program are designed based on the optimization
approach in design. Any redundant design found will be addressed in

the program for the de

rs to be immediately informed.
- Data Update ]

‘ ..;.-;;.:.!.',f- equment change, price,

Thus, the prog )} : S can ificdlifilo three main areas:

1. The compariso __‘._,._...'.; yrogramming compared with the manual
J"I"' ¥
_methodi "/""1’ eguipment_list, price and time

k amption. It shov - improvement and

-

| . |
2. ngpredefined scenario or aesigning the padﬂ' this leads the result of

1 1o
& U

cost‘) ization of vertical nguratlon of circuit breakers and

A UHANENINEINS....

generation of the p‘1e| combination | Created with the m t cost

q W’l AINTOENIANEIAY

design are generated for the designers and users.



CHAPTER VIl

8.1 Introduction \\\1

Lastly, trﬁ_ bf  desiCgSU system for electrical

switchboarge ' / £omes 10, cORCIISi chapter will explain the

benefits of i ' 1 SWBeen created plus the future

work that can :‘g‘ r the €or i ‘8ffthe company.

8.2 Benefits of

There aret e a as of b %pf‘ il -"‘x " ed throughout this chapter,

e S ———

which are time QFnefii=Cosi f 3; enefit.
’ P e o LS "

AN extremely importantaspect of the-entire-bt fi criteria is in the time

gn-€3 lead to a number of

i . > 111
adyantages such as the satisfaction increasg for the customers. Also,

des‘n ineers have more t| spending on other useful activities

f Uﬂmtﬂﬂ.im‘1@%::::1::

yield at least a sumpﬁous amount of maney

RIAINTUANIINYIAY

The optimization design can lead to

deemed as a crucial part in design. This also contributes to the major
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advantage to sales department in bidding the work, which the closer
cost to the actual cost in manufacturing can lead to the better

judgement in conclusi

0 price bidding.

atic system can support

inexperienced skills of
the satisfaction of all

‘st in every associated

e satisfied with this new

8.3  Awareness for poi
areness must ba Mo\, careful precautions since the
- founa new for the org: ' 0 sign users must be

. tion from program is
ot
not foun;ﬂ.‘ i/et the rese

So, there mvt iﬁ the design checker eck for the correctness of design in

AUEIN HNINGINT....

pomt as each designer may‘ot be famlllarlzed ith the system. There

ARIRINTU SIMTINYINY

-
S that ther%ust be some errors [5].



93

8.4 Future Work for the Support Design System

The future work mus wed hgre must be some development and
update for the & em Pl ¥ tated that there must be some
pitfalls unexp' = .
The future

combining.4 n #a g dal| fea " application program system.

Copstrliction

glemstare fully exploited, the
“zx\ o age for the company to be
desigiled in the company can be an

auctioned -——----—-- yStem can be produced for the sales

_Mmanagent _{f:}"'“,__- al fa?\rs concerned before
L

; ! tMefager can plan his
| . |
wduction faster and decide whether when H how to purchase each

iten‘@erial in order to redm@he inventory.

AU AmEmnEnT

On the of the Custorrf side, the next p for this |mplement

ARIRIMIEY INVINEIRY
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marketers and sales representatives can well observe the preference of

the switchboard design for each customer.

manufactur ; v case| exa npic. fe

system for switchboard

Industry, the leading

in many areg ' ‘ petted e, Degdimproved as in the system

developffient g

system mugt be gonglc Lth afiane m eliaple system.

AUEINENneng
AT AMINYAE
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This operational manual is designed to be used with switchboard design program

called “Estimate Calculator” This manual will guide the users through the program.

Al s,
Step 1: Turn on Estim@ /F/7

m;,y_’h;}l (e | R .[EJ

gl "
-

P . .
(1Hh | |
Type in the pr H t name and press the new project, then ‘M name of the project is

defined.

AutIneningins
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100

Step 2: This window appears and click on the new cubicle

MockUp Project

, :
Cubicle Type Cuf -fr‘ ttttttt

P e
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Step 3: This New Cubicle Wizard will appears and then type in the Cubicle

Name.

Mev: T ubieleMWiZard
e 27/
P .ﬂll‘ﬂ ‘l\> |

Bfver g

ﬂﬂﬂ?ﬂﬂﬂ?‘ﬂﬂ’m‘ﬁ
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Step 4: Up until this point, the drawing screen will pop up.

Choose the cubicle sizg the drop-down box.

Then amount of ‘€hank " : llgw by selecting the picture of circuit
. Yelmo > 'ﬁ)y current rating.

5% MDB1 MDB Drawins - [2]X]
File Edt Data Test il
Taois Box " JL' ‘. i - TTTTTT T [TITT[TT7T]
o /'y N N A A ¥ i
Breaker 1
s £
| 4 Feed C
i =
|8 CabinetLine -
100 =
Properties i "l
Cubicle Size el
DOTRENINEOD o At
N b
Chamber >4 : . | =
A . -" ‘ -
1 v | ' | st Ttems ' a
| u Items Amount . U ‘Iﬂi
Cubicle
, Z vilBleize 2.275 X 600 X 600 i, Q/ 1 Uni

ARIAN TN INGAE



Step 5:

el DB Test DB

Fle Edt Data  Test o il

Taols Box
o8] Select

Ereaker
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After drawing the lay out of the panel, the summary of detail will be
displayed at the bottom of the screen for the users to confirm the detail

of drawing including tRegpanel size in cubicle area, the circuit breaker

|
model with cu " fe with the copper bar model and its
length. é \ ‘ ///

overfindoor Drawine

1 '||||||||||||||||||||||

o7 AR
CoZ 77T AN

Y7

LS

‘) Feed

J\I T

28] CabinetLine
100

Froperties

A

Amount Uit

NUNINYINT

1 Unit

Cubi
L Cupicls
&
iV 60 2,

£ T4 4004,
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Step 6: Then click Calculate at File menu to simulate all the data.
The total cost summary together with all detail will pop-up for the users

to see the summary.

Calculaticn VWizal @

Items - e e B T Total Cost

uhlt:E —
&?Eubu:la i

][ Cancel ]

These are the 1| f ope look ;ﬁ.a guideline, for further

information; please ontact the author of this theS|s
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The interview guideline is used for the interviewer to conduct the interview for all
relevant parties that are involved with the design system. The satisfaction levels are

divided into three scales of unsatisfi derately satisfied, and completely satisfied.

- User friendly aspect

Aael v 80N

gditiony@re Pointed out to all users for

= Overall satlsfactlonx

Over. atisf | i faction towards the

The recd mendatlon is asked from all mterwewee

ﬁﬁﬁﬁ%ﬂwiwﬂwnﬁ
ARIANIAUNNINYAE

0 point out for further
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The name lists of interviewees are provided.
1. Mr. Prateep Pigulthong Sales Manager

2. Mr. ogSales Representative

S— \\" / /%

Matee Ku

3. Mr.

4. Mr.
5. Mr.
6. Mr.
7. Mr.
8. Mr.

9. Mr. ion Endinee

10. Mr. gn Engineer
11. Mr.
12. Mr.

13. Mr. De3|gn Engineer

ﬁﬁﬂ?ﬂ ﬂﬂ“‘?Wﬂ'mﬁ

r Kitsada Suwannasri Design Englneer
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