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ABSTRACT

In electrical distribution system construction process following the MEA Standard, it
hasto do the designing estimating and determining types and number of equipment of the
system.Generally, the estimating process by an experienced engineer would take time
approximately 45-60 minutes/designed work. It would take more time in case that there are a lot of
designed works and it will cause the construction delay.

This thesis presents an application of Artificial Neural Networks (ANNSs) to support in
equipment estimating process of 24kV distribution system. Types and number of equipment that use
in the distribution system is provided from the proposed program based ANNs. The information
which was obtained from the estimating by the experienced engineer is used for training the feed
forward back-propagation neural networks (BPPNNs).Four parameters consist of distance, the
number of turning point, the degrees of the 1" and 2" turning are used as inputs. The types and the
number of equipment such as the concrete poles, lightning arresters, and conductors are given from
the output of the program.

As the results, it is found that the proposed method and program based ANNs provided
accurate results which the time consuming forl4 types equipment determiningis also decreased.
Besides, the proposed program was also introduced to the experienced engineers for trial. Then they
were asked for opinions after using the proposed program as the evaluation. The same results were

provided.

Keywords: feed forward back-propagation neural networks, distribution system design standard,

equipment distribution system
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v
M51ENSAAAIUUEDAIAIABUAIA dIUAI8 Over Head Ground Wire 1HAINE1UNINY

52NN UVIINUY

| = . .
2.2 Tasanelszaniiaw (Artificial Neural Network)
I = o 1 = o I
Aumstinyuudiassveslasanelseamyimnludues mdrasuiuTumania
a 4 a S = ] =\ A o 1 U 1
Aalamaasiay Iuman o iaes 1lasevislszamianumiounuluud nssiungy
YOIUUVIUIUYDIN UG sEuIanages uadIuved Iaseigluaneslyuialvauazina
@ 1 1 1 < [} ) L
Fudouunni Inseiedszamitoy ee1elsnam Inssiielseamiion Idiwmnlssgnd 149
D v ' o v o L 3
Tdununeraredusu nisdszurananin mssasilunih msswunateiioie 14luszuy

ALY

2.2.1 Tnsavnietlszammadanin
s Ao Yy v ] & ¢
waalszamluavesiannunnlszna 100 auaiumad s luniagadlszam
Uszneunu 3 diu
1 { I o J J Aa ]
aauil 1 1iluaawad (Cell Body) Hesnilszneude iluaded aeseglulyTnwara

= = 4
FULLASUDDLUNIUAR

[
=1

1 2 ; < % 7 = o
daui 2 1aulasn (Dendrites) 1HuszoAv0U¥AUTZ M FILANLYUIDONNININGD
Jd o Y Ao o s A 9 U 4 1 1 @
waa MmhnSudygadszamnnaadtszamouaan ldgaadlszam vazdene el
4 N :
wonwou tonleneadyauilszamae 11
1 { o < o I 1 %
AU 3 HBNYOU (Axon) ANHULUIYUIE1IDINIINAAFAA D1eNOALEAATE TN
o A
lduradon

dy =\ A 1 J J o o A 9 1 1
HONVINUINNIALFDNADISHIN mu”lm‘n Y UBNHOU GINlJvlmﬂﬂﬂ’ﬂ 1 ﬂqﬂﬁlmmaz

IR A ' J
waaaaison lauyd (Synapse)
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51 2.23 Tasaneilseamayaninz]

2.2.2 tyudasdIassnedszenimenn ldan Ingauredinn

[

1 ! o 1 J )
Tassedszamnesundiassnininlassuielszamyiniwesnlsenoudiany
g = [} = d' o a 4
WUFIREULUDLIN TATIVFINN 1ieT1aoseenin Tugadiamans

4 = o ~
waalsea1nsInIm wsaallsea1ningy
@ 4 & 4 ~
fsaa (Cell Body) wuﬂmaaﬂizﬁmmﬂu
J . 1T Aa
wu'lasi (Dendrites) A1OUNA (Input Layer)
1NEDU (Axon) ﬁumﬁwm (Output Layer)
4 1 1 %‘ Y]
Tapuasald (Synapse) AN NUIMUD (Weight Value)

o = J
- uuuaeslszanien 1 waa
Weight Ii

Input .—'| Z P f =  Output

bias

d' o J ~ a
sUn 2.24 LyyNasusaalszaniey 1 aUNA

9 ,&’ o =1 =\ @ v o ~
Iﬂiﬂﬁiﬁwuﬁ"lusllﬂﬂlﬁlfaﬂ‘]Ji$ﬂ"l‘ﬂmEJ%J?Jﬂ’J”IﬂJ’mJ‘WMTJﬂQﬁiJﬂ”IiVI 2.2 [3]

y = f(wx+Db) 2.2)

Tagf  x Ao AIBUNA (Input)
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U U Sol 9] .
w D A19291111Tn (Weight)
A 1 4
y A9 AUDINNA (Output)

b Ao a'ludd (Bias)

J o 1
f @ Wanvun1eTou (Transfer Function)

- upuasuradlsyeniiourateduns

input; ~__
‘\\\ Weight

| SuM
5 z ; 5 f #+ Output
2 ’///fl |\._J

Input, = Weight

bias

d' o J = a
31]7] 2.25 Lmumamwaaﬂixﬁmmawmﬂauw@

a 1

1 1 o 1 1 sO‘ (%) 1
ﬂﬁ’]‘lﬁ/\!@]!L@]ﬂgﬂﬂlnputl,lnputz,...,Inputn)ﬁlggﬂu']3J”Iﬂﬂlﬁ)')ﬂﬂ1ﬂ')\11“141!?7"!]@\1&!,@]?13
a o 3 1
BUNA (Weightl,1,Weightl,2,...,Weightl,n) #azgnsiud1nuiu nasan (SUM) noutdn
. = Y v A
Transfer function 1V TARIANATN 2.3 [3]

SUM= weight, Input+ weight, ,Input,+ ...... +weight, Input, +b (2.3)

£y J ° J = @
’1]3ulﬂl'f]']ﬂw.@léll@\ulﬂﬂﬁnﬁﬂﬂl‘ﬁﬁaﬂﬁ%ﬁWﬂLWﬂﬂJﬂﬁﬁNﬂWﬁ 2.4

y=f (Zweightljllnputi +b) (2.4)
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d v 1 .
2.2.3 Wansunisare lou (Transfer Function)

I () ° A 1 o 1A o I 1 A a =
Lﬂummwuﬂﬂmaumammmwmmaﬂymxmmwmﬂuamﬂs HUUNY Elll‘l‘b’ﬂ‘ull
Y
[ [ o 1 a . 2 J . .
wmmmuﬁuagﬂuaﬂymzmmmw LL‘]_I‘]_ILGNLf?T}‘L! (Linear),ltuUaonsnuaga (Log-sigmoid),tt11
a 4
UNUFNUBYA (Tan-sigmoid)
d o Aa 9 a1 J I Aa 9 a1 3‘; v = = a Y
WINFULVUIFUTU NﬂWﬂl@QL@WI‘I’!@]!‘l]H!G]NLﬁu Haaana -1 99 1 uantusaduaiu

@

51l 2.26 Hanuduiusasaunish 2.5 [3]

a
v =purelin (n)

319 2.26 WINFULU LT UEY (Linear)[3]

purelin (n) = n (2.5)
d v a 4 U 4 1 1 @
WINFUIUVeNBNNDA (Log-sigmoid) HAMDIWINADYTZHI19 0 D3 1 Inslanyus

Y]

<3 a = o J o A
Wunsl asnmanuuazianuadunusasaunIsh 2.6 [3]

¥

\E

-1
0
v = logsig (1)

ﬂﬁ 2.27 ﬂm%uuuuaaﬂmﬂmﬂﬂ (Log-sigmoid)[3]

1
logsig (n) = " (_n) (2.6)
gsig (n) 1. &N
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v 7

Jd o a 4 1 4 ] 1 o
WINFULVUUNUTNUBYA (Tan-sigmoid) ﬁﬂ11911/]w9]ﬂq331431\1 -1 ﬁ\? 1 UANNTUNUS

AEUNITN 2.7 [3]

[
¥ = tamsig (1)

51 2.28 ManFunuuEMUFnUEo4 (Tan-sigmoid)[3]

1- e('n)
tansig (n) == (_n) 2.7
i 1+ e( ")

2.2.4 antinenssuaaslasedinglssa e (Architectures of Neural Network)
[ [ [~ [ ?1’/ =
Tasevnedszamuisoenitu 2 dszian 1.1aseneuuuiloulddranisuden
(Single Layer Feed-Forward Network) 2. Taseneuuuilou ldramivasvu (Multilayer Feed-

Forward Network)

- Tasevgupuilenlddhanihyu@en (Single Layer Feed-Forward Network)

Input Layer

Output Layer

517 2.29 Tasaneuunilonludranihdu@er (Single Layer Feed-Forward Network)
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' Y 9 9 Y o g ST 9 Y < &
TasenenuuilonlUdramhesu@es Tusunsnezdludoyaiiauluguda Tuidusu
= v 9/ v ST 2wy 3
aseudeyasen lagteyaiaziludoya@edrnudeyariusn

- Tasesveuuuileonlddranthnaie¥u (Multilayer Feed-Forward Network)

L4

Input Layer

Hidden Layer

Cutput Layer

v 9
51 2.30 Tasenenuvilon ldramimared (Multilayer Feed-Forward Network)

' Y ) ) VLl P ' Y ) ¥y & a
TasevsuuuiloulUdramthvaresudlunisiIasssuuuilou lddanihsuuae)
Y Y Y Y
WNTNFUATINANTLHIN Input Layer NU Output Layer (380 1A59018TUFUNNFUFOU

<3 1 A
(Hidden Layer)laodoyalu Input Layer azanilowdlua1dunauod Hidden Layer azdoya
y y p y ) \ y !

1A

J < o 2 1
IDINWAVON Hidden Layer %zgﬂi’jamﬂumauwmm Output Layeri]"l‘l!’Ju"]J’E)Q%uG]fﬂuﬂ"lﬂﬁ

Y
PN 1 FU

2.2.5 N52UIUMSI5OU3 (Learning process)

- msizouiuuuliginaeu (Supervised Learning) M3 euduuuiigdnaon szl
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1 A A

19 A 9 o 1w Y Y1 o ~ 9 [ ~
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- m3Souiuuy lulidinaeu (Unsupervised Learning)TnomsiEoufunuiioy
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2.2.6 1as9elszanmnentyuunsA1deunay (Backpropagation)
] = TVr9 [ I ] = g’/
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_ T T
Xk+l_xk_[‘] J+y|] J'e (2.8)
g=J".e (2.9)
Tagh X A9 A1029U NN (w) taza1 lusa (b)
J Ao 1 Tadlowun3nd (Jacobian Matrix) Yoo yWuTvaIsAANATA

(maza) aea1 X (nazai)

g Ao Performance Gradient
T 2 .
J f® Transpose Matrix Y94 J
a o 1T A U o @ 1 {
€ ﬁf) WATNFUDIAINANAIA (Error) IEHINANOU (Target, t) AUAIN

Tasenedszamniieusiuisld (Answer, y)
A ' A
1 CRIGRGR

I o Identity Matrix

= a <
- lpLdeulNAINgIae (W)

9 it il
Mg Wy M g
0 % )
Jwy=| Moy Wy, W, 1 2.10)
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My M4 aWSZ,Sl_
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SPACED AERIAL CABLE G — 15 m PUU
a?_ (MAX) o
[ 7 >
@
88 ~ a 3 A
€%
!_‘) = STRUCTURE ""’
al'slslsl oY | T:rPE 50(;1 .
— ] REDUCED UuiBu
= TENSION
(MAX. 15 m)
Riin i .
AVUWLING 2 + 10D sPacer nana sPaN
oo o5/
MUONY 5 oy srPMULNUFOU ®
— J \ =\
REDUCED TENSION (MAX. 15 m) y

REDUCED TENSION

g SPACED .
o AERIAL casle % Ay 0
= (REDUCED TENSION) I
L o
b
AERIAL CABLE
(REDUCED TENSION)
ERONT VIEW SIDE_VIEW
JYPE BDG1
(BUCKARM STRUCTURE ON DEADEND POLE WITH BAYONET)
he b VLN S )
1. dmoatugudiueg
2. wmuUndlylaanaeuyan (SUSPENSION INSULATOR) §1uau 3 gneieym onidy TiRugndaouyaudu
4 an lunsdlyfum asc 185 mm? viensdegluinaddamazunaeuaniin niedlandegs
i wdnalnnugarmnisy uesensa (meende r nu) fueu
3. Inmonoumumnasdud cround PAD i ilivh
REV.NO. DESCRIPTION 0F REVISIONS BY | DATE
OR. flatlapheng |CHK $orqsan | METROPOLITAN ELECTRICITY AUTHORITY |SCALE NONE
DIR.DIV. SUPERSEDING
DIR.DEPT. 12/24 kV BUCKARM INSTALLATION SHNO. 1 OF 4
il ON DEADEND CONSTRUCTION OWG. 4—
DATE _ 19/9/2551 vo. 10A4—0631
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BILL OF MATERIAL
ITEM NO. CODE NO. REQD FOR DESCRIPTION
DBG1 [ DBX1 |DBX2
1 5625-668-12500 1 1 1 POLE, CONCRETE, 1200 m 50 t-m
2 - 2 2 2 DOUBLE CROSSARM SINGLE DEADEND ASSEMBLY (DWG.NO.318 SH.NO.2 FIG.B)
3 - 4 4 3 INSULATOR ASSEMBLY, PIN-POST TYPE, (DWG.NO.308 SH.NO.1)
4 - 3 3 3 CONNECTOR, COMPRESSION TYPE (SEE TABLE)
S - AS REQD TAPPED CONNECTION ASSEMBLY FOR ASC (DWG.NO. 614)
6 5605-005-51000| 2 - - BOLT, MACHINE 5/8" x 10"
7 5605-011-51200 1 - - BOLT, DOUBLE ARMING OVAL EYE 5/8" x 12"
8 5605-025-50000| 9 - - WASHER, ROUND FOR 5/8" BOLT
9 5605-024-50000| 4 - - NUT, MF LOCK FOR 5/8" BOLT
10 6145-138-25000 | 2 - - PREFORMED GUY GRIP DEADEND FOR 5/16" GUY WRE
" 5615-047-20000| 2 - - BAYONET, GALV. STEEL, 2.0 m
12 4010-303-25000 AS REQD GUY WIRE 5/16" 0D. 7-STRANDED
13 6155-158-53200| 1 ] - | - INSULATOR, SPOOL CLASS 53-2
14 - 2 GROUND ASSEMBLY, FOR STEEL CROSSARM (DWG.NO.1707 SH.NO.1 FIG.A)
JABLE
SPACE AERIAL CABLE (AL.) SIZE 35 mm? SIZE 70 mm? SIZE 185 mm?
CONNECTOR COMPRESSION SIZE 35-70 mm? RUN SIZE 70 mm? SIZE 185 mm?
TYPE (H—FRAME) 16-35 mm? TAP RUN & TAP RUN & TAP
(ITEM NO.4) (CODE NO. 6145-074-14300) | (CODE NO. 6145-074-14400) | (CODE NO. 6145-074-16600)

REV.NO. DESCRIPTION OF REVISIONS BY DATE
DR. Tlallaphenp [CHK. fonasan] METROPOLITAN ELECTRICITY AUTHORITY |SCALE NONE
DIR.DIV. SUPERSEDING

DIR.DEPT. 12/24 kV BUCKARM INSTALLATION SHNO. 4 OF 4
DEP.GOV. DWG.

T Ty ON DEADEND CONSTRUCTION o 10A4—-0631
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40 I 40 | 40 Izo[zo|.zo'1zo|no|
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-
7]
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Y|

PR

CROSSARM BRAGE HOLE 1/2" BOLT.
12/24 V. BUCKARM HOLE

12/24 kV. GUY HOLE

TRANS. ARM BRACE HOLE
CROSSARM HOLE FOR TRANS.HANGER 3/4" BOLT
12/24 k. BUCKARM BRACE HOLE r/27BOLT .
ALLEY ARM BRACE HOLE

ANGLE BRACE HOLE

TRANSFORMER HOLE 3/4" BOLT.

STEP HOLE '

EQUIPMENT ARM HOLE

STLT. CLEVIS HOLE

UPPER RACK HOLE

SECONDARY RACK HOLE

LOWER RACK HOLE

34

PNV A TR

331

éTREET LIGHT FIXTURE HOLE

- STEP HOLE

—ses_ : COMMUNICATION HOLE
=
2l — POLE GROUND &
. 0|0
=lg
| 48T ==g‘ z
iz
2 - o}

-

FRONT VIEW
'NOTES -
1. ALL BOLT:HOLES: ARE GIVEN: FOR-5/8" BOLT UNLESS ‘OTHERWISE ‘STATED-

2. REQUIRE:RESISTING MOMENT 3.5 . § 50 TON*METER AT GROUND LEVEL. -

3. DIMENSIONS ﬂRE 'S l:m

A n
12/24 kV. CROSSARM HOLE L
:; GUY POSITION HOLE
- TRANS. EQUIP ARM- HOLE POLE PLATE
. FITTING FOR

GROUND LEVEL

SIDE WALK GUYS.

STEP HOLE

POLE GROUND

STuB
HOLE 1" BOLT

3 ADDED FRAMING DETAILS OF 5.0 TON-METER CONGRETE POLE B REVISED NOTES . [Fangsonlea/3/a7

2 ADDED POLE STEP HOLES AT ELEVATION 627.5 AND 630 | Bongualt |30/ 737

1. | /ADDED POLE STEP HOLE AT ELEVATION 607.5 R . . Srcaan. |T/9/26

REV. NO. . -DESCRIPTION ~ _OF . REVISIONS . -8y | DATE

OR. el Iw T 3] M_Efnopm_,lrzm ggEn‘fﬁJ“fTv Aun-loﬁ’? SCALE 1: 40

DIV.CHIEF = 7. R " | SUPERSEDING

EXC.MGR. sz‘;_. P 12m CONCRETE POLE . |sNo. T OF 3

{DIV.GEN.MGR. 7. ' _ i W6, )
O s R FRAMING DETAILS_ | ‘ }.1 |05

98



I

12/24 kV. CROSSARM HOLE

GUY POSITION HOLE

TRANS. EQUIP ARM HOLE
CROSSARM BRACE HOLE 1/2" BOLT
12/24 kV. BUCKARM HOLE

12/24 kV. GUY HOLE

EQUIPMENT ARM HOLE

12/24 kV. BUCKARM BRACE HOLE 1/2" BOLT

ALLEY ARM BRACE HOLE
ANGLE BRACE HOLE
TRANSFORMER HOLE 3/4" BOLT

—800 \ STEP HOLE
3 EQUIPMENT ARM HOLE

STLT. CLEVIS HOLE
UPPER RACK HOLE

5 2 > SECONDARY RACK HOLE

LOWER RACK HOLE

STREET LIGHT FIXTURE HOLE

STEP HOLE

COMMUNICATION HOLE

POLE GROUND

STEP HOLE

= - [

Rerg i

i N
?

—— 7. ===
. N
{ S
: g

R laars -—,rf
f—
A A
NOTES

FRONT VIEW

1. DIMENSIONS ARE IN cm.

2. ALL BOLT HOLES ARE GIVEN FOR 5/8" BOLT UNLESS OTHERWISE STATED.

A

J

210
SETTING DEPTH

POLE PLATE
FITTING FOR
SIDE WALK GUYS|

STEP HOLE

POLE GROUND)|

=

STUB HOLE
1" BOLT.

3. MINIMUM RESISTING OF BENDING MOMENT AT GROUND LEVEL REQUIRED 6.5 TON—METER.

1 ADD POLE STEP HOLES AT ELEVATION 447.5 AND 527.5

Pongsan|13/7/50

REV.NO. DESCRIPTION OF REVISIONS BY DATE
OR. Worapot |CHK Romqsan| METROPOLITAN ELECTRICITY AUTHORITY |SCALE NONE
DIR.DIV. R Thevi. SUPERSEDING 10A4-0452
SR DEPT 7. 12.35 m CONCRETE POLE (BM 6.5 t-m) [0 1 o
DEP.GOV.

DATE 19/3/2547

FRAMING DETAILS

w 106A
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TR 1

I

.l 185 CM.

T SEE DWG.NO. 110

O

—(9)) SEE NOTES NO. 2 8 4

TYPE SA TYPE LA TYPE LAA
REV MG DESCRIPTION OF REVISIONS B Y -a_:_n-—
PR e~ Tenk. fe- | METROPOLITAN ELECTRICITY AUTHORITY | SCALE NONE
DIMCHES < - - ' SUPERSECING QUG KO 201,
EXC.MGR s SHNO | OF 2
DTYGENMGR  fon STANDARD DOWN GUY ey

DATE S, n/ 2517

NO.

20|
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. . -
]
BILL OF MATERIAL
REQUIRED " o
ITEM| CODE ,
N o TYPE SA TYPE LA T!PE LAA - . DESCRIPTION OF.MATE_RIAL T
) 1/4"GUY [5/16%6UY | I/4"6UY |3/8"6uY |2-9/16 GuY|2-3/8"GuY S i
1 |oo0i-90) [ 1 - - - - ANCHOR, SWAMP TYPE 15" W/3 EYE L
| 2 [ool-915| - | = 1 | 1 1 ANCHOR, LOG TYPE 12" x I50CM
i ooI-s508| - - 1 | 1 ~ | ANCHOR, ROD 5/8"x 240 CM.
3 001-608| , - - - - - 1 ANCHOR, ROD 3/4"x 240 CM.
303-200 1 - r T - - - GUY WIRE, }/4" 0.0. LGT. AS REQUIRE
4 |303-250| - 1 - - ‘2 - + | GUY WIRE, 5/16"0.0. LGT AS REQUIRE
303-300( - - - | - 2 ' | GUY WIRE, 3/8" 0.0.LGT AS REQUIRE
138-200| 4 - 4 - - b - PREFORMED GUY GRIP FOR 1/4" GUY, STRAND
5 |138-250| - ks - - 8 - . | PREFORMED GUY GRIP FOR 5/16"GUY STD.
138- 300 - - - 4 - 8 - | PREFORMED GUY GRIP FOR 3/8" GUY STD.
6 (o3~ 1| [ T2 2 BOLT, THIMBLE EYE ANGLE 5/8"LGT.AS REQUIRE
7 |o27-s22| 2 2 2 2 4 4 WASHER, SQUARE FLAT FOR 5/8"BOLT
8 |ees-_ 1| ") 1 1 1 1 1 POLE, CONCRETE LGT. AS REQUIRE T
9 [I159-542| 1 1 [ .2 2 | INSULATOR, STRAIN TYPE -
10 026-533| - - | | | - WASHER, SQUARE CURVE FOR 5/8"BOLT
026-633| - - - - - ‘i WASHER, SQUARE CURVE FOR 3/4“BOLT
Lo . & S Y a s -
NOTES : 3 )
1,
2.
3. Guy guard shﬁll be 1nstalled on the toxS ' do Tq'i'&?o'f _grS'&p anchoring
or each ,single down guy. See Dgﬂg.No. 206 for Standard Guy Guard
Insta,llaﬁon Detaﬂs. W - ' :
4. See Dwg. No 110 for the standard embedment of pole. .
1]
Ao .
. L -
1 REVISED NOTES “AND ADDED CODE NO IN ITEM NO. 2 .
\ } .-»osscalpﬂon 4 OF i
3 BCALE NONE . °
SUPERSEDING ,
i 3 2
. ,,9w~ ooy :::° =201
DATE_, 10 .
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CAUTION!

THIS CONSTRUCTION MUST NOT BE
USED WITH CONSTRUCTION AT
WHICH THE SPACER IS APPLIED

12/12.35 m CONCRETE POLE—-T

™ INITIAL STRINGING TENSION 100 kgf (220 Ibf)
AT 30°C (RULING SPAN 40 m)

MAXIMUM UINE DEFLECTION
ANGLE 1S 5 DEGREES FOR
ASC 185 mni® (MAX.)

(ANGLE SUPPORT BRACKET WITH BAYONET ATTACHMENTS)

BILL OF MATERIAL

(CODE NO. 5605-005-52000)

ITEM NO. CODE NO. REQ'D DESCRIPTION
1 |s615-040-00200 1 BRACKET, ANGLE SUPPORT
2 614509640000 1 GUY CLAMP, 3—-BOLT, FOR 5/16"-1/2" GROUND WRE
3 - 3 INSULATOR ASSEMBLY, PIN-POST TYPE (DWG.NO.308 SH.NO.1)
4 |5605-005-50400| 2 BOLT, MACHINE 5/8" x 4" |
5 |5605-005-50200| 1 BOLT, HEX HEAD 5/8" x 2"
6 |5605-005-51400| 2 BOLT, MACHINE 5/8" x 14" "%
7  |5605-024-50000] . 5 NUT, MF LOCK FOR 5/8" BOLT
8 (5605-025-500001 6 WASHER, ROUND FOR 5/8" BOLT
9 | 5605-027-52200( 2 WASHER, SQUARE FLAT FOR 5/8" BOLT
10 |4010-303-25000 ‘AS REQ'D] GROUND WIRE (GUY WIRE) 5/16" 0D 7-STRANDED
11 |5615-047-20000] 1 STEEL BAYONET 2.00 m. (DWG.NO.10A4—0254)
NOTES.

1. FOR 12 m BM 50 t-m & 12.35 m BM 6.5 t—m CONCRETE POLE, ITEM NO.6 MUST BE CHANGED TO MACHINE
BOLT 5/8" x 16" (CODE NO. 5605—-005-51600)
2. FOR 20 m OR 22 m CONCRETE POLE, ITEM NO.6 MUST BE CHANGED TO MACHINE BOLT 5/8" x 20"

[’Oﬂ CONSTRUGTION REFERENCE ORLY I

| 1 CHANGED LENGTH OF MACHINE BOLT FROM 6" TO BE 4" P(mgsa\ 2/10/49

'REV.NO. DESCRIPTION OF REVISIONS BY DATE

DR. Choschart |CHK Bengsen| METROPOLITAN ELECTRICITY AUTHORITY [SCAE —  NONE

DIRDIV. RThAlie.
DIR.DEPT. . mpanedr)

DEP.GOV. *-
DATE 19/3/2547

SUPERSEDING

SPACED AERIAL CABLE INSTALLATION [0 2% 12

w402 |
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FIGA FOR 12/12.35 m CONCRETE POLE

FIGB FOR 20/22 m CONCRETE POLE

BILL OF MATERIAL
REQ'D
ITEM NO. CODE NO. Ao.AIFCE DESCRIPTION
1 5615-040-00200| 2 2 BRACKET, ANGLE SUPPORT
2 - 6 6 INSULATOR ASSEMBLY, PIN-POST TYPE (DWG.NO.308 SH.NO.1)
3 5605-005-51400| 2 - BOLT, MACHINE 5/8" x 14"
4 5605-005-52000| - 2 BOLT, MACHINE 5/8" x 20"
5 5605—-024-50000| 2 2 NUT, MF LOCK FOR 5/8" BOLT
6 5605-025-50000| 4 4 WASHER, ROUND FOR 5/8" BOLT

NOTES,

FOR CONSTRUCTION REFERENCE ONLY

1. LINE DEFLECTION ANGLE(#) OF MEDIUM ANGLE STRUCTURE IS FROM 30" TO 60°

2. CAUTION | : BEFORE MAKING MEDIUM ANGLE STRUCTURE, MAKE SURE THE CONDUCTOR IS REDUCED

TENSION AND MAXIMUM SLACK SPAN LENGTH IS 15 m.

3. FOR 12 m BM 5.0 t-m & 12.35 m BM 6.5 t—m CONCRETE POLE, ITEM NO.3 MUST BE CHANGED TO MACHINE

BOLT 5/8" x 16" (CODE NO. 5605—005-—51600)

REV.NO. DESCRIPTION OF REVISIONS BY DATE
OR_77luachoé [HK Pomgsan] METROPOLITAN ELECTRICITY AUTHORITY [SCAE _ Nowe
DIRDIV. [, Thi~ SUPERSEDING

o Lmwme /| SPACED AERIAL CABLE INSTALLATION (S 13 OF 16
DATE 19/3/2547 NO. 402
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FIRST SPACER (CERAMIC),

0
CODE NO. 6145-255-0071
~15 m (IF REQUIRED)

FIRST SPACER (CERAMIC), CoDE

~ NO. 6145-255-00710

NOTES

N -

GALV. STEEL GUY WIRE #5/16" (4010—303—-25000)

| 2 3040
(D—

_ 15 m (F R
ar S ( EQUIRED) "~
- rt .W: -
R v i R
oS
I TS, u}s | S i
n
o —) 3/8" MESSENGER WRE
®O— 1 /
T A § G vl —T
8 FULL TENSION—I 1S MESSENGER WRE BY L FuLL-Tension
9 - \\@ (SEE SH.NO.9)
Y - Y
47T
w n
n w
o o

MESSENGER GROUND (TO GROUND ROD, DWG.N0.1702)

FRONT VIEW

. DIMENSIONS ARE IN cm

. ADD 1-UNIT OF SUSPENSION INSULATOR TO BE 4—UNIT WHEN APPLY WITH ASC 185 mnd ONLY.

. KEEP SEPARATION OF SPLICE CONNECTION 30—-40 cm FROM SURFACE OF POLE SO AS TO PREVENT FROM
ENDANGERING OF BIRDS THAT CAUSE LINE—TO—GROUND FAULT.

. SEE BILL OF MATERIALS ON SH.NO.9 & 10

FG.C LINE ARM DOUBLE DEADEND DOUBLE MESSENGER/GROUND WIRE CONSTRUCTION, TYPE LDD-DG1

FOR CONSTRUCTION REFERENCE ONLY

{REV.NO. DESCRIPTION OF REVISIONS BY DATE
DR. 9laachaé [CHK.Ponysan] METROPOLITAN ELECTRICITY AUTHORITY [SCALE NONE
DIR.DIV.  f, Thar—" SUPERSEDING

DIR.DEPT. &./mvswwad] MAIN LINE & LATERAL DEADEND CONSTRUCTION fsino. 5 oF 10
DEP.GOV.  \feen— DWG.
M SPACED AERIAL CABLE (Asc) 1—CRcUIT |0 403
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ELECTRIC WELDING

NOTES

| 250 I
1 100 550 | 50
I I &4
L 700 |
| i
ORT T
(CODE NO. 5615-040-00200)

1. DIMENSIONS ARE IN mm UNLESS OTHERWISE SPECIFIED.
2. AFTER FABRICATION THE BRACKET SHALL BE GALVANIZED BY HOT-DIP PROCESS. SEE MEA'S

SPECIFICATION FOR MORE DETAILS.

| ~
1 400 1 500 | LS50
I I LI |
100 300 ;100 ;150 250 50
} f ; f f | —=
ELECTRIC WELDING |'——-i15°
#11/16" HOLE
T T S gj!
3
o8
1 g 822 mm HOLE
- ~ #11/16" HOLE
\:o x 100 x 5 mm GALV. SHEET STEEL (CONFORM TO TIS.1499)
T o rﬁ—& mm THICKNESS GALV. SHEET STEEL (CONFORM TO TIS.1499)
gl g ¥ \011/15' x 20 mm SLOT
© @ o | _—70 x 100 x 5 mm GALV. SHEET STEEL (CONFORM TO TIS.1499)
o < #11/16" x 15 mm SLOT
"
- #11/16" x 50 mm SLOT 22 HOLE
anf mm
S ELECTRIC WELDING
° /— m——GROUND TERMINAL
—— o
gl g / 100 x 50 x 5 mm CHANNEL STEEL
4 'i -l (CONFORM TO TIS.1227)

FOR CONSTRUCTION REFERENCE ONLY

REV.NO. DESCRIPTION OF REVISIONS BY DATE
DR. Wonapat [CHK.Ponasan] METROPOLITAN ELECTRICITY AUTHORITY |SCALE NONE
DIRDIV. [ 7hém~~7' j SUPERSEDING

L & _ ANGLE SUPPORT BRACKET Te 2ot
DATE !19/3/2547 NO. 404‘
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Arninart Subsri Khon Kaen Uiniversity

Armnoiy Ruenpwares Rajamaraata University of Technolosy Tharmyabun
Armam firaseree-amamkun Mahanakorn University of Technology

Anon Mamin Ralamaraala University of Technology Lanna
Anupap Meesomboon Ehon Kaen Univarsity

Anuree Lorsawatsmi Mahanakorn University of Technology

Anuwat enowaniilert King Mongkut's institute of Technology Ladkrabang
Aphibal Pruksamheal King Mongkut's University of Technolooy Neorlth Banokak
Apichal Ehatranard King Mongkut's University of Technolosy Thonburi
Apiratla Mamsars Ciil Mviation Training Center Thailand

Apiwat Lek-uthai Chilalengkom University

ArkRom Moungkhaodaene Sripakharirwirot University

Arkom Kaswrawane Ehon Kasn University

Amon laramongrolak Mahanakorm- Uninversity of Technology

Argom Teermmongkonmsmes Chulalongkom University

Arthit Sode-Yome Siam Univarsity

Atthapol Maopitakkul Kirg Mnngkm‘ﬁ. Institute of Technology Ladkrabang
Benjamas Panomrutiapany King Monghut's Linkversity of Technology Thonbur
Bongkarn Homnan Dbhawabl] Pundit Unfversity

Bongkoj Sookanariis Ubonmtchathant University

Boonchuay Supmonchal Chulalongkom Driversity

Boonlert Suechoey ‘oidhEast Asia Uiniversity

Boonmk Chigipop Rangsit Liniversity

Boors Kaewkhanm-af Chiang Mai Unhversity

Boorwang Flangxlang Rajamangala University of Technolosy Tharmabur
Budhapon Sawetsakulanond Mahanakom Univiersity of Tedhnology

Bundit Thipakom Kinz Mongkul's Unisersity of Technology Thonburi
Chainarone ¥limanee Sripakharinwdnot Uinfversity

Chabwut Chat-uthai Kirg Mongkut's Institute of Technolooy Ladkrabane
Chaiyan lettamasen Kine Mongkut's Institute of Technology Ladkrabang
Charyapom Lothongkam Mahanakorn University of Technology

Chaiyo Thammarat South-East Asia University

Chamyut Sumpavakup Mahanakorn University of Technology

Chanchai Dechthummarons Rajamargala University of Technology Lanna
Chanchana Tangwongsan Chulatongkorm Universiby

fmﬂ';:'!uﬁﬂrrmnﬁmw‘lﬂﬂ': AEIf 36 (EECON-36) 11 - 13 Ta1hu 2558 aminmdbnwaTmaas
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Channarong Banimongkol Chulalongkorn Universiby

Chanwit Boonchuay Rajarmangala University of Technology Rattanakosin
Chamchai Pluermpitiwiryeawe] Chulalangkomm University

Chatchal Suppitakakul Rajarmangala University of Technology Thanyabur
Chawasak Rakpenthai Urniversity of Phayao

Chiranut S=-ngiamsak Ehon Kaen University

Chirasak Sinsukudomchai Sauth-East Asia University

Chirawat Wattanapanich Walailak Linversity

Chirdpony Dealertpaiboon King Mongkut's University of Technology North Bangkiok
Chowarit Mitsantisuk ‘¥asetwart Liniversity

Chutham Sawigun Mahanakorm University of Technology

Danucha Prasertsam Eine Mangkut's University -of Technology North Bangkok
Decha Wilairat Waahidol University

Denchai Worasawate Fasobsart Lniversity

Buang-arthit Srirmacon Ranesit University

Dulpichet Rerkpreedapong Kasotsart Uriversity

Dusit Thanapastay pasetsart Univwersiby

Ekapon Swapormsathain Kirz Monzkut's Wniversity of Technology Thonburi
Iakkree Srinonchal Rajamangala. Uh‘l'q‘i'E‘I'ﬁ'l‘}lj of Technology Thanyaburi
Jesrasuda Kosseyapom Fine Mongkut's nstitufe of Technalooy Ladkrabane
Jirasak Charrwutiturm Kiriz Marigkut's Uriversity of Technology North Bangkok
Jithornut Songsi Chulalongkeom Uriiversity

Jonglak Pahasa Linfvarsity of Phayac

Jukkrit Klimbwang Rajarmanrata University of Technotooy Lanna
Juskkrit Tagapani] Mahanakm'n University of Techonlogy

Kamon Jiraseresamarnkol Firme Mongkuts University of Technology Thonburi
Kanadit Chetpattananondh Frinee of Songkla University

Kanchana Silawarawet Siarm University

Kanjanapan Subkvichai ‘Fasetsart University

Keemti Chayakulkhesres Sripaturn Unjwersity

khanittha Kaewdang Ubcnratchathani Universiby

Maatiyuth Kveeyam Kasetsart University

Faattisin Kanjanawanishkul Mahasarakham Linversity

Kitt=ak Tripipatpomchal Rangsit Linversiky

Fittiwann Mimkerdphol Rajamangala University of Technofogy Thanyabuni

malEwinmmadenratiih REI7 36 (EECOM-38) 11 - 13 Fuex 2556 un inmamnwhimans
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Komsan Honeesombit
Komson Daraf
Krischonme Bhumkittipich
Krissada Asswaskubkict
kit Anzkaaw

Kudyos Audomyvonsseree
Kunnthphorg Srisathit
Kusumal Chalermyanont
Kwanchai Eurviriyarakul
Mana Sriyudthsak

Manog Acrpirmai

Miti Ruchanurucks
Maongkol Konghinum
Mongkol Faksapatchamwong
Monthon Mawong
Maontree Siripruchyanun
Montri Kamjanadecha
Mantr Somduryakanok
MNaelthoon Hoondharedn
Malin Sidahao

Napat Sra-ium

Mararat Ruangchagstupon
Narong Buabihong
Marong Yoothanom
Mathabhat Phankong

Mattachote Rugthaicharoenchesp

Nattapong Phanthuna
Mattmwut Chayavanich
MNattaya Klairuang

Nattha Jiidapetch
Natthaphob Himpitiwer
Mt Boonpirom

Misachon Tangsangiunisai
Nophadon Wiwatcharagoses

ol -
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King Mongkut's Institute of Technology Ladkabane
Kasetsart University

Ubcnratchathani Universiby

Ralamaneala University of Technology Thanyaburi
Mahidol University

Kine Monekut's University of Technolooy North Banckok
Chulatongkorm University

Ralamangala University of Technoloesy Rattarakosin
Pririce of Sangkla University

Rafarnaneala University of Technology Lanng
Chelatongkom University

Mahanzkorm University of Technoloay

Fasetsart Uriversity

Fine Monegkut's University of Technology Thonburi
asetsart Liniwersity

Dhuwsaki] Pundit Universiby

Kirg Mongkuts University of Technology North Bangkok
Princa af Songkla University

Rajarmanizala Lniversity of Technology Rattarakosin
Chulalanghkorm Univarsity

Mehanakam University of Technology

Kirg Mangkui's Institute of Technology Ladkrabang
khon Kaan University

Thammasat Unisersity

Sripaturm University

Rajamangala University of Technology Thanyaburi
Rajarmangala Uriversity of Technology Phra Nakhon
Rajamangald University of Technology Pha Nakhon
Kime Mongkut's University of Technclogy Thonbun
Kaset=art Liniversit

Prince of Songkla Unversity

Banghok Liniversity

Sripatum Liniversity

Chulalongkorm University

Kinie Monigkut's University of Technology North Bangkok

mmwiﬂﬂﬁmqimnu'lﬂﬂﬁ.ni'ﬁ 36 (EECON-36] 11 - 13 Tw1Ru 2556 un inmannyasmant
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Nuntiva Chaiyabut
Cne-Art Sadmai

Opas Chutatape
Paiirate Thongpeasri

Faisarn Sonthikam
Paitoon Rakluea

Pakom Kaswtrakulpong
Famich Intra

Parnft Damrongkulkarmjorm
Pasist Suwanapingkar
Patamapom Sripadungtham
Peempol Yuvapoositanon
Peerayat Sanposh
Pennapa Faimdamonchai
Petch Mantvatana
Fhaisan Meamaryaparm
Fhimmin Kirawanich
Phunsak Thienmviboon
Fichai Amee

Fichet Wisartpong

Firiit Jitjing

Finit Thepsatom

Fipat Prommes

Fis#t Lintanakul

Fisit Vanichchanurnt

Fisit Wisutmetheekam
Fiya Warabuntzweesuk
Poonlap Lamsrichan
Pomchai Phukpattaranont
Prachia Yeunyonokul
Prajuab Pawarangkoon
Prarmiry Artrit

Franchalee Samanpiboon
Prasopchok Hothongkbam
Prayoot Akkaraekthalin

Bangkok University

Hajamargala Untversity of Technoloey Tharyaburi
Rangsit Linfeersity

Kasetsart Uinversiby

King Mongkut's Unfrersity of Technology Thanburi
Rajamareala University of Technology Thanyaburi

Kirig Mongkut's University of Technology Thonbun
Rajamareala University of Technology Lanna

Kasebsart Liniversity

Rajamargala University of Technology Phra Nakhan
Fasetsart Liniversity

tahanakom University of Technology

Udon Thari Rajzbhat University

Kimg Mﬁragkul"s University of Technology North Bangkok
Sripaturmy University

Rangsit Linhversity

Mahitol University

Kasetsart Lniversity

Tharmmasat Unfeersity

idahanakarm Lintersity of Technology

Rajarmangala University of Technoloay Tharyabur
Srinakharirvirot Liniversiby

King Mongkit's knstitute of Techrology Ladkrabang

King Maongkut's University of Technology North Bangkok
King Mengkut's Urisersity of Technology North Banghok
Maharakorm LUniversthy of Technology

Banghkiok Uiniversity

Fasatsart iniversity

Prirce of Sonckla Untversity

Rajamaneala University of Technology Lanna
Mahanakom University of Technology

Khen Kasn University

Kimg Maongkut's Unbversity of Technology Thonburi
Rajamangala University of Technoloey Raftanakosin
Kine Mongkut's University of Technology Horth Banekok
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Preacha Kocharoen Sripatum Univarsity

Punyaphat Phumiphak Mahanakom University of Technology
Rarddhawadee Slapumt Kine Mongkut's Uintversity of Technolosy Thonbun
Raurmgrong Sulessathira King Mongkut's University of Technolosy Thanburi
Reawid Barschiin Sam Uriversity

Rungsirnant Sitdhikorm Mahanakom University of Technoloey

Sakchal Thipchaksurat ¥ing Mongkut's Institute of Tedhnology Ladkrabang
Sakom Po-Meam King Monghut's Uindrersity of Technology Thonburi
Salittip Sinthusonthishat Mahanakom University of Tedhnolooey

Sarmphan Phrompichai Mzhanakem Univarsity of Technoloogy

Samroenyg Hintamai Sripaturn University

sanchal Dechanupaprittha Rasetsart Liniversity

Santitham Prom-cn King Momgkut's University of Technology Thonburi
Sanun Srisuk Hakhon Phanom University

Sarawan Wonesa King Monghut's Unbversity of Technology Thonburi
Sarawuth Chaimool Kine-Mongkut's University of Technoloey North Bangkok
Sarines Cuitskul Fiasobzart University

Sawal Bunnjaweht Mahanakom Linpeersity of Techneloay

Seangrawes Buakaew King Monghut's Institute of Technolosy Ladkrabang
Sermsak Latrongjit Chiang Mai Univarsity

Sirichai Dangeam Rajarmaneala Unhversity of Technology Thanyabri
Sirichai Wattanasophon Kasetsart Uinfwersity .

Siirtyj Sirisukiprasert Kasebsart Linjwvarsity

Sirhvat Poomwasin Easatzart University

Sirivit Taechajedcadarmgsr kb e University

Siriwiach Tadsuan Southe-East Asia University

Siwaporn Srisonphan Kasetzart Linfversity

Somboon Nuchprayoaon ﬂ"lﬂng Maii Unsersity

Sambsoon Sooksatra Fargsit Unfversity

Somchai Himnvarodom Rajamanzla University of Tedhnology Thanyabun
Somchat Jirwibhakorm King Mongkut's Institute of Technolosy Ladkabang
Sammarnt Sang-nesm Mahanakom University of Technology

Sompob Polmai King Mongkut's Institute of Technologsy Ladkabang
Sormiporn Sirisurnrannikul King Mongkut's University of Technoloey North Bangkok
Songkran Karzwong Bangkok Liniversity

malEwdnmaimnridih AT 38 (EECON-38] 11 - 13 Twiey 2558 aminmamnenimans
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Songphol I:(anja nachuchai Chulalongkorm University

Sonerit Maneswongvatana rime Mongkut's University of Technology Thonbur
Sorawat Chivapreecha King Monckut's: institute of Technolooy Ladkabane
Srifidtra Charoenlarpnoppant Fasetsart Liniversity

Srisakedi Jangit Kasetzart Uiniversity

Suchart Yarmmen Maresuan Unhwarsity

Suchin Trvongjitrmoah Lbcratchathani Unpearsiby

Sudchai Boonto Fing Mongkut's University of Technolowgy Thonburi
Surmate Naetiladdanon Kimg Mongkut's University of Technolosy Thonbun
Suneat Pranonsatit Kasetsart Uiniversity

Supakit Kawdunita Rafamaneala University of Technology Lanna
Supalak sathimcheewin Kasetsar University

Supatana Austhenekist Chulalangkom University

Sugmattana Minkkanapaorn Rargsit Linfversity

Surachai Chaibusaney Chalalongkorm Urinversity

Surachoke Tharapitak pahidol University

Surapan Alrphaiboon Fime Mongkut's Insbitute of technology Latikrabang
Surapong Suwankawin Chulalongkiormy Unifeersity

Surea Purmirin Chulalongkcm Uniarsiby

Suthathip Maneewongvatana ¥ing Mongkut's: University of Tedimology Thonburi
Suwat Pattaramalai king Monghkut's Unbversity of Technalogy Thonbur
Tanet Wonghong Banekok University

Tarin Duangian Crimakhaririadrot University

Tasanee Chayavanich Kine Mompkubs University of Technology Thonburi
Teermsak Soms=k Refamangdla Linivarsity of Technalogy Lanna
Teerasit Kasetkasem Fasetsari University

Terdpun Choogorn Nakhon Savwan Rajabhat University

Tharmwarit Singhavilai Matidol Lniversity

Thanadol Pritranan Mahidal University

Tharakom Khonedeach Fasaksart University

Tharepong Thanasaksii Chiang Mai Unhversity

Theerayod Wiangtong Mahanakorn University of Technology

Thidarat Tawsook Bargkok University

Thone Lantharthonig Rajamangala University of Technology Pha Nakhon
Thumronngrat Amomrakss King Monekut's University of Technology Thonbuni
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Titipong Lertwiryapraps
Toempons Phetchakul
Trin Saeneswmwan

Likrit Mankony

Urnarin Sangparich
Upady Hatthasin
Uthane Supatti

Lithen Karmnarn
Veerachai Malyaws]
Viboon Chunkag
Vichai Saelee

Vijit Kinnares

Virai Silaniam

Virote Pirajnanchai
Vishnu Thorglek
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Abstract

This paper presents an application of Amificial Neural
Networks (ANNs) in equipments estimating of 24kV  electrical
distribution system design in order to determing types and number of
equipments following the MEA Standard. Generally. the estimating
process by an experienced engineer would take time approximately
45-60 minutes/designed work. It would take more time in case that
there are a lot of designed works and it will cause of the construction
delay, Thus, the estimating program using ANNs is proposed in order to
increase the efficiency of estimation. The information which was
obtained from the estimating by the experienced engineer is used for
training the feed forward back-propagation neural networks (BPPNNs).

Four parameters consist of distance, the number of turning points, the

degrees of the 1" and e turning are used as inputs, The fypes and the
number of equipments such as the concrete poles, lightning amesters,
and conductors are given from the output of the program. The testing
outcomes using the testing set, it is found that the proposed method and

program provide fast and accurate results.

Keyword: feed forward back-propagation neural networks, distribution
system design standard,
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