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ABSTRACT

This project submitted the idea about energy management in substations
and substations' network by controlling with PC. Generally, working in substation
for transfer load in each feeder or each transformer may overload while some feeder or
transformer don‘'t work at rating yet Therefore in this project has an idea to
transfer some parts of load ( feeders or transformers occurs over load) to sections
which can take load. With switching, which uses circuit breaker as aparatus in
switching.

This idea leads to using computer for control switching. This is main item to
acheive it. Using partly of HNN ( Hopfield Neural Network ) idea combine with ours
idea to create software that can control switching in substation and substation's

network.
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Sub B Sub A Sub €

PM 580 PM 570
TV 510 Tv 342
LV 420
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LY 860

0

\L c:
Iy

70 80

SVY at Sub A
=420-342= 78 [MVW]

< After one bank switching off CI O

Sub B Sub A Sub C

PM 580
TV 510
LV 520

PM_760
TV 684
LV 740

520

660

PM : Practical maximum valuc
TV : Target value

LV . Loaded value

SVV : Supply violation value

An example of one bank switching
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Ty Program uvuiludau_denqldesi]
1. gy
2. doufudeya
3. douuanedoya
4. daurdstinang
5. Fhatihef 1

6. Fantinah 2

1.zr'mwu Lﬂumuﬁ'L‘E:uLiﬂ@ﬂ?ttn?u‘imﬂqnﬁ?ﬁqmu‘[mm:uu’qLﬂutugdaﬂ Ao
1.1).47u483A (Data)
1.2).gounwmundarivus (Mode)
1.3).gouL1IR(Run)
1.4).5298i(Demo)

1.5).88N3NLNY (Exit)

T L4 [l
- L1).auveya 3 3 Wytiae A9 Write Save Load
%4 ] v
Tunligaldlsianas wiite Ao Fudeyalsl dou save AU load SELIS Wekusiu uoufiing
o v I &g py \ A I,
vogndiuTesioys srasgiytnas WenmEnter 1#e Return aaunguiytisnssEun Write) 39
) v 1)
Wudouresnsfudeyn Wana Enter BnafeasiiigMode  Toansiudeys szulaouludnutias

-
U

1.2).83uivuavena J 3 doy

-Sound riuum@en 3 ON iy OFF

-OutputimuaguuLITeINFUARIHANITY WM ugdnaw PIC fum19 TABLE

-Graph TIMuAI IUARINIINUEIRINUN Program  UKINION 1L OFF

efinumaia Wna EsC Lﬁ'ﬂnﬁmiwd Menu #4n MaEgMenu  tiet H18a Down Key usy

Enter Key
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1.3).amlfim
3 kol » J ¥ ¥
WlHanz Model  TaemsuARINALLILR siominnsilaudeyansunaclduygil  &an
L:J'L&mmﬂ'ﬁ' Enter Key
o L3 o - ) l&:‘l - T J
L4sfudemisveamssicesmsthian § 2 smetn W uss mew Fastedl 1 1 6

A01Y Foatnen 2 3 8 4ol
1.5).88n (EXIT) 89n47N Programil

2.7 udeya
ludouiiazBulng Program W ldrimun

-Auquaniinddesluszyy

-“AuIUgsFessatiaugns

anfuilFiuuasnaes Target Radial WARS feed-num AalinMUAAITEY AMDMNNE AN
Tuamilszan uar Saurseantienluusiazannd auasy  Wetousunarmaiauunudn Program
fazvitlousn
K -ANUTIBAUARE Ao U

-FinConnected Load  TavuAnsaeiiou
-URTAN Fgs UaY Fgf 18aumazanttiou
seAauFuiiania o setleud o Tsuaniigaing snefleugming
MNENUR) wanEereIaninfintent azFuaan 0 1aue MBennmataes sedlou uas am

] >
sin Watlaurianuemaia fezndudrguayudn

Yefimualumsiioutdoya

1AM e T Ifintes TuRttwualy 10 an1d Erileurunnndad Program ]2
van Wl 1AAEN 10 annTl rdeanmaudlrlvudlafisMax-sus

28 mousetleuillabifiu 8 enotlew Slleudwiu asdvusldidu s udlefien MAX-
FEED  3s1uuqesteillaliiu 3 uflefl MAX-NCN

. D m av .
4. Antlsubiimnfiurnesiininresinteger



B.MIAMUARBINMUAAINNTTONAS  (FofuRbFgs) WAS ANADUE (St Wgneesliasiu
SLUNANFHANRIAIUNAS run
6. luszninnstiousane dneisaunsoudlelalneldesc w3e Back Space

7.eudayaiiu 5 uanlils

v £ .
S.aUuaAITaYa winiu

-AN$ N (Table)

-NA{Picture)

-ns M (Graph)

3.1).A1313 (Table)
UAANANYDY Target Load Value ,Radial Load Value ,Actual Load Value, Err of
Substation,Connected Load Value,Status of Feeder Annanilugalunususu gouluuuasadunung
-d . 1 [ v - - ) } 3 -~ - "
\a1 1e9anlinfinties AN uasedopdnesdnne usstirilac 0 szuasessndnmIRTNY (He
L4 4 . " dl 2 ' - 1Y 1 -~ 1 -l' - )
WuAY Bt IdeandnAuE uATTNANNNTIN ATRAISUm of Err Y TuInE Program YU A

) - - ] 3 - o .
f"]'N'] lu[ﬂ']?'N ﬁ:uﬁﬁuﬂﬂﬂﬂﬂ'ﬂﬂm’mﬂﬂ'nﬂog'lu‘nmi;a TIRIrUn AENIVUR

. 4 -
3.2).mN(Picture Y158 Figure)
AzuamnmIseszuy gliannlusetnd 1 usz 2 Asineasiualunnson
B IUNMIUAMIHALLILANTN  dyAnsabine asfiwmuslifigudoduan  nmiuanadouaglu
. ) ' Py . 1% T = - . v ot
Mode Graphics axUUANANNoUAAZINNIUARINA FBdldANMANIY adluesed1ee Stings UEDA

. . - A
U Strings WASRBDNHIBANULN

8.8).051W(Graph)

hunsmurisuanarnees Target Value uaz Actual Value Airingeaaazifinuus scale 8n
fiwile ‘axifu Graph Rgeanazifivaenmetiane  feuuamnn fesFunldfeiiurunction fnd_max
uad fnd_act Lﬁaméﬁmuqqqm URS ANTDY Actual Value®au Target Value WINAN INTIZRINUA
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4. amdszuana
QLR Flow Chart 1 1 uaz 2 Tner Flow Chart 2 aziudauresnisswitching Tudaud
- 4 - - J - - t
1 MIANILEIABUANNIIRNUANM IR SR T Ay AevinisTeutintTuas IXRANasINTe9
Ay rnlreernlanatn ( Er jiAionas  wanlunjqife TeuduTan (anizConnected Load )
. - " ; v X .,
nanTinlAn Er ey Tdanaingen Er fuanne uasSeIufUATTe9CHConnected Load) RN
-l ‘ ) Y oy ' ) P - - . ' 'y
ANAMNILAT  UBNINUUFNINNNIAIRAIVUIN A0NTHY vTe aetloudu Assianistaeioad T
sasliantue (u OFF wie mmaraudn awtleufiasriamstntioad WWishaw  Sesilantnzivia
IUON 8¢ Aazvianging loadls
o A ' ! Y : v .
PdAynaeseswiladnswitching  udnszemNIDAAAISUM of Emor  uiAesziin
. . ' / g . . o
N19Switching  uazrisunzdenanilanyianag Switching ielsuthetuas sfidaeFeearsuly
80TIANAY B0 unn HANBlAnnen neizdnRidn B geqasinl wlswlasluannillviinden
-' . % -’ : - > . vV - -~ ) 1 3 ;y 2
tamuwinunniy dWudestowi mbiiieercu@ou seeignisldeou  wasRuiaes
(W91T Effiency NAEANGY
:‘/ -t v . 1 % g d‘ﬂ 1 ‘. . > L 3 4 3
axuawmammslaudneiuan anAmRsauNingrisuy Wevinnslaudne wiaudn 1
vmsudladeys A
A1 Act : Actual Value
A1 Err : Error Value
A1 Sum of Error : Sum of Error

A1 Stt : Status of Feeder



start

SET INITIAL VALUE FrOR

s =_sub :The number of substation

C =_ncn :The number of connection

tgrt(s] :Target Value

rdlis] :Radial Load Value

feed_num :The number of feeder in substation
sttis] {f] :Status of feeder in substation

fgs(s)[f)[c] :SUB .Indicator of connect‘c* of
feeder"f* in substation *s*
fgsi{s) [f]{ec] :FEED Indicator of connect'c" of
feeder*f* in substation *s-

;

CALCULATE ERRI[s] IN EACH SUBSTATION

Yes
4

END

Caiculate sum ot error before and sum of error after

!

b 4

Calculate the number of substation which err < 0

:

Sort substation NO. from max negative to min negative

SWITCHING

Switching Ye

success ?

No

lteration
number
coveraged?

Yes

END

EWNIN N 1

) 4
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. o Start
Function Switching

4

set value
s : substation NO. which err < 0
{: the number of feeder in substation s
¢ : the number of connection

f=1f-11 +1>0 @
9

Yes
l———-Yes
-~
> No ¢ c=c-1
le———No
Yes
Y

Get another substation and feeder (sn&in)
which connection "c" of teeder ™"
in substation *s" will connect to

|

errfsn) <=0

or Yes

sttjsn}fin] =1

No

h 4

Calcutate error of s and sn both before switching  and after
switching
before = | errfs] | + | errfsn] |
ater = | err{s}+cnlfsn]{in] | + Jerrisn] - cnifsn}fn] |

Yes atter > belore

WHUNUT 2



|
=
=h.
o

Wan1snaaealylusunsy



51 jUuaauyaIy Main

49




5.2 JUuaaunya@Iu Submenu
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5.3 juuaAunyaIU Submenu
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54 juuaaauuyaIv Submenu
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Example Subsiattom System ~ Bemo : |

o8

00
wmw

target: 218 ; target: ean target: 402
radizly 478 radial: -500 radizl: 550
error: 184 erroe: =12 o errorsfisoes

target: 400 target: 700 target: 554

radisl: 580 radial:. ‘640 radial: “680
ertor: =118 error: 27 error:: =31¢

Sumof Erron S31

. ON
« “OFF

55 junaasszuyvesteyayail 1 daeeadl 1 AouMs Switching
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1 sus

tot

acf

rdl

err

1el

f2

|e3

eq |

e7

8

<8

4718

478

60

Jaoal o

§:650

104 =

B HED

402

550{-264]

Yool

ez

700

1540

|41

L B AR AN oS N

554

£90 1=

Jola e lelo |-

Sum of Error 931

5.6 jUnaasmsiedeyayail 1 veadaeeehi 1 neuns Switching



Example Substafion System Bemo ;|

oe

a0
oo

targets 71€ target: €80 tarqet: 402
radial: 478 radial: 600 radial: 550

error: S0 erre: =3 ) errors =210

target: K00 target: 700 “rarget: 16H4

radial: 580 radial: - 540 radial: €80

error: =58 error:  —40 error: -208

o Sum of Error: 548
- ORF:

5.6 jUuaasszuuvesdeyayail 1 faeeiad 1 HEIMS Switching
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c4|f5|c5ifelce | F7

8

SUB Jtatlactirdlierr| f1fci c2|f3|c3 | f4 c7 8
0 718|688 | 4281 20 1 {80 | 1 148 1 [104!

1 fesolemalso0| -3 | O froef 0 7ol 1 | Wl Tesdir e

2 jao2| &1zl esaf<zinl 0 |54} 1 ez 0|22 ;

2 }eoo|ese|se0f=se] 0 {601 f2sl 0|8z

4+ Yro0l7e0l640] —s0] 1 | s2] 0 i aags

5 }554 | 762 s30|-208 0 4 :

‘Sunof “Error 549

5.7 jUuaaimsedeyayai 1 veadIeeedl 1 #aams Switching
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Load (Mw)

782

®

.

N

S

Sub Number

iy

ing

89M5 Switchi

=
AdENN 1 ¥

e

v o
vayayai 1

5.8 junaansivves



Example Substdion System Bremo : |

target: 718 ~target: gkl target: 402
radial: 478 radial: 400 radial: 350

error: 30 erre: 87 errors =10

target: 400 target: 700 rarget: 554
radisl: 480 ‘radial: 240 g radial: 280
error; 42 errce: 280 error: 182

S Sufy ot Ereor. ¢ ¢ B3

« ‘OFF

oe
o0
wm

v v
= Q/ |

k4
5.9 yumasszuuveseyayaii 2 dre61afi 1 neuns Switching
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‘SUB

act%rd.l

1

cl

2901

tgt err| F2 |2 {f3 | e8 -?4_:. 04 | 1F7 1 c7 | F8 a8,
0} 718|688 4291 30 | -1 {80 1] 46| 1|04
4 jesolzmal400] 87 | 0 |104) 0 |zed 1 |iarl g bee ] g ] 4
2 bao2|a2ise0|~10] 0 | B4l ez o]
3 eoo|zmel4e0] 42| 0 {60l 1|28 0|8 ;
4 §700}440| 240260} 1 |82 0 |45 0| 41 |0 |:e2 |1 08
5 )54 |36 soifaonlio [ise ) alwa | T i

Sun of “Error 631

5.10 jUnamsmsisdeyayadl 2 veaiaeeeh 1 neums Switching
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B

Exmmple Substalion System. Bemo ;|

target: 218 . target: €60 2 : target: 402

radial: 478 radial: 400 radial: 3860

errory. S0 R : errce:’ 87 : errors A2

“target: A0 target: 7oA & xarget: 554

radisl: 480 radial: 240 radizl; 280

errory. 42 “erroey. 198 error: 187
L e e Sum of Ercor : - B
C:B. OFF

511 jluansszunvesteyayah 2 faeeefl 1 Haams Switching
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SuB:

tgt

act

rdl

B C.l

o2

3

o3

4

ca|fsies|felce|f7

o7

8

c8

4 718

478 |

=60

146

104

400

78

402|:

13860 |

54!

o 62

§600

4804

60

78

240

482

21813 (s

alxtefnlele

% b ER

12901

o lmlolelals

{108

jololr oo |~

B

Jalede |e s e

3 A2

‘Sun of Error 611

512 juUnaasmaiedeyayah 2 vesdee1ail 1 HaINS Switching
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error:

sio—

target: AND
radisl: 380
error: 142
s BB ON
@ 0B, OFF

- £ v o

Example Subgiafton System = Bemo ;|
target: 718 target: €b0 target: 402
‘radisl: 478 - radial: 800 radial: 360

20 Lrerrees error: iH2

target: 700 target: 554
radial: 430 radial; 480
errce: =2 error: -£

=103

Sum of Ereor.: 337

$/
514 jlueasszuuvesdeyaya

h.

11

3

]
e

@0e19fl 1 NOUMT Switching



‘SUB:jtat

acf

voFL

ery

c1

2

o

Yral

130

P

-~ §:650,

=103

i§402 3

B2

14213

o o’ o [

4700

440 =

o fa e e e

3 ':55*:

490}

Sk

wlads |a i

“Surn of’ “Error 337

515 jUuansmsiedeyayail 3 vesdzeeisdi 1 NOUMT Switching
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Example Substafion Systrm Bemo : [

target: 718 : target: “eeN target: 402
radial: 478 oS wradial: 800" ) radial: 350
cerrors g0 R g R R SR errory w2

target: £00 target: 700 target: 554

radisl: 380 X radialy 440 7 racdial: 480

‘error: 50 erre: 49 - 5 error: =8

» ON
« “OFF

Sum"of.:Eﬂmr Ty

LR
00
W

516 jluaasszuvvesdeyayail 3 feeedl 1 H&INT Switching
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SUB-

tgt

act

rdl

err| f1

cl1:

2 |

c2

f3

c3

ol

ca|f5|cS|felce|f7

c7

8

8

§ Bat-a e

1478

30

180

45

104

€50

€00

104

78

Aoagils

44021

-

b4

oo |-

62

(AR BN

280

50

80

P

BN

Aro0|

440

48]

82

45

41

LA 0 BN

480

5854

=g

ERCACHE

s o

58

1 fe [ fo o |-

A2

"Sum of Error 147

v . U H b
5.17 jueasmaedeyayaii 3 veadieeial 1 H3IMs Switching
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Sub Number

L

#298197 1 ¥#aIN15 Switching

T

Qo

5.18 jluansnnivvesdesyayai 8
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519 jlueasszuvvesieyayaii 1 fethan 2 neums Switching



g

tat

act

rdl

err|

a2

£3

o7

8

:CB_

718

478

‘129

60

650

€20 |

30

B0

287

402

415

B0

{88

PR

4600}

580

=651

807

] QD

3 ?m R

540

30

5 45 &2

}s54

690

=138

jojololo [o|x

{0l

800

R

,2514,

VI N I S R RN oS Y

‘245

s74]p

ofefal=nlolnlo

&[x]e s
{el1elefe |

aI

58

L% = o 1oa ' . .
5.20 jduaasmsisveyayail 1 vaesiedeil 2 NeuNs Switching
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SUB jtat

act

rdl

Ll

etfra)

L5

fesifalcal

f6lc6 | F7 )7

£8

c8.

478

B8

80

-

“}e50

€20

30 :

B0

402

B2

B0

580

204

o lolo |-

80

}roo

540

204

-

1598

Y554

€80

138

40"

00

50

25

\I&(H-LQ_KJND

245

74

ololo

elala s lolo|n

aloje o la|o s |x

{80

€5

B8

‘Sumof Error 416

71
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240

160

s farget

L4
523 jluanmnnvivesdeyaya

M
=

N

Qs T

1 few

11 2 HaINS Switching
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y

“ftatiactirdl

[rsfes

. e?'

8

o8 |

::§:402 | 550 |- 560

}e00}e00|-s00

640

Y e84 | 2901290

Ys00| 55| 400]

Glacfaaile e sl s
g

alalal|o oo e |-

B Er e

fs40}e05| e80

:fs«_;a'v{ “of Ehrof 1233

5.25 juumasmsedeyayai 2 vesdaethehi 2 nouns Switching
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8
3 s
-
Q
Bas

act

31

n i

le6lr7

o7

8

<8

7181728

70

650 |-695 |-

287

461 1 |80’

&40

140

wilolalalalo

=lojo o |6 (=

400

{20

1286

Nlalalslaln sl
g

650}

o lol=wlololo oo

afe

& fe

PP

B0 |0

55

‘Sum of ‘Error ‘403

5.2 7 sunansmsedeyayaii 2 vesniediell 2 Haan1s Switching
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jsuB:

tot]

act

rdl]

err|:

%5

8

eglin

4718

478 |

14951

402 |

“}roo

554

fess

T S I G e S

Y780

olal=lolololala

58

Sun of Error 1578

L4 . % 4
5.30 jluaasmssdeyayaii 3 veadaeehai 2 nouNs Switching
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: SunnfErnor 608

532 jiluansmseteyayail 3 veadaeeiai 2 w5 Switching
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7331 REMOTE SWITCH 3111y SUBSTATIONS

WugunsoRiapnsefindaiiauile fennamuANnzDatelin 1 Nanwouzuazg)
$989% Taenln@ Remote Switch 3 sunsnllAnuTeugramnesy meemauiiinendy (iesaan
finmazmanlunisld uas dwlunsinse %eqﬂnmhﬁnﬁqzﬁagj 8 channel U 1 NA8Y UAT usiAY
channel #1:19061010 Load 19 600 watt 993 Load Capacity 1% 3600 W demveq Remote Switch A
axlmnensdnilunsdensieans 5 v ?iqﬁ'\'lﬁaﬂé'umﬂuviﬂ:g‘li uazilunisdssudanaenu  uen
Al medwnld Remote Switch  fieuealdTnsAmlle  vise aMirfosnaniiamesde
aufilduaznaineusesiuae lik  ffuwue gy sosfinldnsinidoany dussaiies
ponfaweflidon  fsunsofufmederuan Insdmdldflouiy  wer  aimay dadays
Waunmufoudaly fisansminéloldistesnenfiomes Tunalsunsumsine Sz
%2 Remote Switch LilimomuAransoann waxdislumiianiseenuuy  nsdeseszuninnely
87773, TaaeugRaIMNgsy uay #ﬂgjmﬁu relTuauam

lulasesuil 137821 RemoteSwitch ﬁmﬂ?:qnﬂ”lﬂu?:n"u'lmﬁum ire Tu anil
Infiation (Substation) TamldAnmrswazdomsing 1y qunsafdln Substation Anwn Load
Cuve tRegin  szuffymlumnivemasiuatals AnamaulaANE T aNaNNI2Switchinguas
N7 Switching e Tedisrazain Remote Switch & 1114w iavFesiinisUFuyqaiia
wingUnsnimareettadallly Remote switch e lmineuldnenndes uas TuszAvanimanniu

T Substation TedaunAraziFindlUlu Remote Switch e Al Substation 18 5

he

i

1. UMAR"E (Power Supply) 11189970 Remote Switch nTssiaunaesnsn 220 V AC asiiu
furrasimn gy substation 16 pasaciinssiafinunassneivdrses (UPS) e liesyuys Reliability

¥
U

2. M514 Relay siaanriugunsninig Power Tuusiaz channel 989 Remote Switch @0
2080 Load lAifise 600 W Fethaztinunlilu Substation Fefiqunsninie Power gen iou
uowed, wlieuday (usiu A9szin Relay W#8 Magnetic Contactor WTeAuANN sl

v
ARBMAU MFFRLIRITBNRUNTIOIN Power unu
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ACIN 1020y
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3 1)
Gata ;
G

e A,

RELAY, CONTACT LY TRANSDUCER
0 X % e N X 0 B DII,\I
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3mzdedynns nput b hwedesreafamed tﬁmﬂ'mqﬂmnImq Power L1 wilia
wlausesiuuas wisulaenszug flAuseiu uay n?zuaﬁ‘qq fhasiindayadurtasnesfamed
LRV (T TTIERY b 7 oo Tanldiulasdtynyros (Transducen) uda  Fninllsiefy daf
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4. Wavsngunsalilunig Switching uaz arelWaee Remote Switch HRfafngan el
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Wi 11979l4qnsnlne Power  Electronics niiffaidmWInfige 1y nan scr
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s unugunanliol azennsaviali inluaoums shunt tip 964 Load Break Switch 14

- : J : ~
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BAY LEVEL & PROTECTION

n2AANTUIEAL Bay level amLﬂuqﬂnmimmu'lumsmuqu'mﬂﬂﬁw fine gunsal
Switchgear,Relays 11]ugiu 'lu'nuﬂ.nm'mqqﬂnmI Switchgear uaz Auxiliary Switchgear $9uiN Load

2 e
Break Switches WAz Relays vl'l'l'l‘lum?mur]u'lu?:nu Substations madainléail

AUXILIARY SWITCHGEAR AND EQUIPMENT

Uné Auxiliary  Circuit Breaker mmmmmuwnmuumm Load lae qﬂnmﬁ'}mqnm

& )
NUATUYAT Y lWﬂVI']n'\?ﬂf.Nnun']? short-circuit ULay overload 183§ Tﬂﬂqzud')'luj?:nﬂu&ﬂﬂ.lu
fuUn?n] Switchgear A9 Circuit Breaker Contactors UaT Fuse Gear WimuazusasulWiY uay neugas

: & 4 & d
lu NINIMUATUIAUAZTUATRY Circuit Breaker PNAINT NN 1

Auxiliary circuit-breaker ratings

MVA Normal Current Ratings

Yoltage Rating Oil-Break Amps Alir-Break Amps
415 15.6 400-600-800-1200-2400 400-600-800-1200-2400
415 26 400-600-800-1200-2400 400-600-800-1200-2400
415 3l 400-600-800-1200-2400 400-600-800-1200-2400
3300 150 400-600-800-1600-2000-2400 400-600-800-1600-2000-2400
3300 250 400-600-800-1600-2000 400-600-800-1600-2000-2400
6600 250 400-800-1200-1600 400-600-800-1200-1600-2000
6600 350 400-800-1200-1600 400-600-800-1200-1600-2400
11000 350 400-800-1200-1600-2000
11000 500 400-800-1200-1600-2000-3000

-

m15799 6.1

SNANTNIIINENUDN Circuit Breaker azilauaiiasieii  le MvA Udtvoltage 1849
Load wlatnutlashl uazdanasimunfiie Circuit Breaker anativauilafiie nszug fault uaTnNITann
WuY Switchgear 14 Substation azgnimualatasgaIng Wemunlaend Nacsiaviigege
PR Substation 81414 Copper Busbar n‘]uqﬂn?nftiﬂufuwuquﬂnmf Switchgear WAy
fqunsnl Switchgear axvin9tlaaiu Transformer uncquUnzafuly  Substation siall Tugunsal

Circuit Breaker a=1dFun 2asumilacdaumaunudaunans
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-~ F -4 J - . -
sxuuileaiulugiingal Switchgear Aa $211 Interlock Wetlaaiu nMsinaulianantasss
Wiy naelu substation sanfladiaiiszunnasld Auxiliary Contacts  Tunnedoe I nsdeenu

4 x 2 Lok :
quUna0l Switchgear fiAusmEs nzanBay mapuAngnInlina il 81914 Automatic ve

Manual Operate fil&\ Tneiasil Gear Fuse doeilunng protect fUnsafdndunile

DN 63 Typical 3.3 kY/150 MVA air-break switchboard

o d ; .
Angn 3 audlunisuanininaes  Breaker Awduiludou Tasuwsiazdauaziinnpoy

Y - o \
pugUnsom i umedaEniivila Wy Transformer iy aauasgnsnlnmdoutianly
L
Switchboard léiag1/fi 4
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2’3 i 50 o
MINIMUM MINIMUM '
PASSAGE [ e T PASSAGE r S S| o B
| N 1 - =

HV. FUSES \r O — REMOVABLE
1 —7 VENTILATOR
VOLTAGE ] T ¢ COVER
TRANSFORMER ————— i
SHUTTER GEAR |
TERMINAL BOARDS =L gl O3 :::::E:z |
INSTRUMENT - t ¥
CHAMBER — /_% = i INDICATION 1 | é
B - : LAMP /a
e e I
FUSES — 8 = ; t AT |
| - CONTROL ~ )
CURRENT . g SWITCH |
TRANSFORMERS . ARC CHUTE & ' =
SEALING END o= EXMAUST VENT //@ ~
CHAMBER MECHANICAL 1 i

INDICATOR

MULTICORE __—
CABLE BOXES

MAIN CONTACT

BUSBAR BARRIER | ~ BUSHINGS /?
= & STALKS i
BUSBAR CHAMBER . ——— ] P
LOOSE COVER ~. EARTHING 2
SWITCH
'ISOLECTOR ' RETRACTABLE = Ve %
ISOLATING CONTACTS MANUAL /
- TRIP
DUPLICATE BUSBAR CHAMBER — | i i o o PUSH BUTTON

e s e £

SWITCHBOARD ———m "
EARTH BAR LV. FIXED CONTACTS " LV. MOVING CONTACTS

IRt 64 Cross-section of 3.3 kY150 MVA air-break circuit-breaker

] v
MINNUTDI Breaker ALUAARAN NIHNIUTDY 19899 solenoid Toruauliiasey
v
Y d . 2
& wa senxlng gAY muimsadeutiwglninl  Agwsoinld ensiinde

~ 1 J - ‘V’ L -~ J
1 AU8 Breaker 1¢qnuﬂﬁ’uTmuﬁ nannsoRmswena Nl AagIf 5



3.3 kY air circuit-breaker with moving partion
taken out of fixed partion

mx&a
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General arrangement of 3.3 kY operating mechanism

.
. ' d ”

v =) L AULL.OFF sPRINGS
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|
|

SLOTTED UNK /
ANO ORIVING PIN

[hET)

N
\EE';// :\\ :\\ \\\E

’//{;}{%7//”/ 7N
 — NE
' 8

'i f h‘.m
Fommi.y ‘L

7 kg Y, ] 1
HOLO ON TRIP PULL LATCH AOLLER CLOSING HANO TRIP
CATCH TRICGER LINKS ARM LEVER PUSH BUTTCN

My 6.6




M NUTE Breaker azvinmlagldFunzmususn dounana i'«:muqufmﬂ'li'
Remote Panel Inenaiils-Um Circuit Breaker ‘i:ﬂ?::’fm#d'm Control Switch ‘71.53 Coil ﬁmuau Contact
Vidla Dnddeiinrzuatuadinnly Coil windesns close Circuit Breaker Nawnzanldlne g
snunszuariienaan Main Solenoid Azl Circuit Breaker close 1 douluylusesy Substation
azil motor drive f9tlunng close-open Circuit Breaker Tmum?muqummmmuqmﬁnm? control
Toeld Push Button '7;11muﬁ"\ﬁnmﬂluqutfmuqué"qms fiaansainwldiud - dnlfie uamali

Wutnalnn13v19 L4189 Circuit Breaker

#UNITINLBR Circuit Breaker Wia1fimns shortcircuit 1138 overload fiasiinagld Arc
4 e ) . Vs X : [ .
Chute Nerlu Circuit Breaker %1 N3l arc Mifinau  Taun? operate sztilvlumususey Tengeiy

- x 1] ~ :
arc a:mm'uuﬂﬂ'mm%muamlup!ﬁ 7

MAIN AND ARCING
CONTACTS QPEN FULLY QPEN

AN 67 Contact opening sequence of 3.3 kY air-break circuit-breaker

-4 " . J - - -
MUAPNNITNNUTEN Circuit Breaker TUNA 1200 Amp 6.6 KV 10usild ula e R3]

-~ v W { ~ J
ac Tmamsszunesenlusima Tnenslaeusunteludussueaeu sausaslugilh s
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LOAD BREAK SWITCHES

lugunsalluszdy Bay Level Envliawila Taensinauzes Load Break Switch azadne
. o d s X
nu Disconnecting Switch UWAATHNAUANN N9 Interrupt 189 Load Break Swntchﬁ:lnmwuﬁimz. on

) . . d aya . .
Load uazlu Load Break Switch 28l  Arc Chute \{Iussiy arc Wwa iineAdaesislunisyineu

ar

. * . " . : ‘e -
Load Break Switch aztiulauidlnile Switch luflalatrunmees Switch azdussiuRnarenszus
o 2 , Nz _
N Load WU N7 operate Load Break Switch luanmaoandusiaiu 81914 Motor Drive tuns

o .
operate iNaAMNLneatTRyARR Waz qunsal

- ar . x o~ .
NNA UAT TUNIAYDY Load Break Switch AZIUNLTUNM Interrupting Voltage,Overload Current

Teszulusariiuum Aiawes Load Break Switchlatin1mina umes Load Break Switch aziiplin uaz

o~

Ao suanslugi o
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3CF 12KV load-break switch

with make-proof earthing switch



. . 5 . [ :
AMININTUTEN Load Break Switch ﬁ-numumm'mumu
o i .
1. W0ULN Load Break Switch ﬂm:ﬁm:ua‘lumiﬁd Main Contact
2. Load Break Swit/ch ila uar Main Contact WENBEN NTEUR ﬁ::‘vi\n‘x'l"xﬁ Arcing
Contact
3.arc ATQNAL UAT Arcing Pin Aznausitasanun

. 3 o - ' - z
4. Arcing Pin nduAuganmAalanusai uas stuzvinanintu

v
5. Load Break Switch axilm uaz arc axgnaiting Arcing Contactanniil Main uas

Arcing Contact finduganidnsauasmaluziidl 10

Load Break Switch azfififim ez wmsgwumn IECVDE  Mausenlumisadt 2 dady

Technical Data Wag zﬂﬁ 11 QzUAANTN Dimehsions 9849 Load Break Switch

97



98

~—
1
2 pearl
e LA | TR
it A X R
T
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D 1
C—-
15
3 jJ
I T 11 1 ] 1 I T
Phase 1 Phase 2 Phase 3 Phase 4 Phase S
Phase 1: The load-break switch Phase 4: The arcing pin has
is closed and the current flows been withdrawn from its contact
through its main contacts. and returned to its rest position .
Phase 2: The load-break switch by spring force. The isolatng
opens. lts main contacts sepa- distance has been established.
rate and the current now flows Phase 5. The load-break switch

through the arcing contact. The closes and an arc is struck to the
arc is drawn in the arc chamber.  arcing contact. The main and
Phase 3: The arc has oeen arcing contacts are about to
quenched and the arcing pin close.

can be withdrawn.

nw 610



‘Technical data

The 3CF universal load-break
switch is a multi-purpose switch
and meets the requirements of
VDE 0670, Part 3/9.81.

it also conforms to international
specifications such as IEC 265
“High-voitage switches" and IEC
420 “High-voltage alternating
current fuse-switch-comoina-
tions™.

In its function as isolator and with
its eanthing switch it mests the
requirements of VOE 0670, Part
2/9.81 and |EC 129.

Standard Rated Dielectric strength: Rated data Pole Switen type
speciiica- voltage  Power fraquency centre
ions withsiang voltage gisance
imoutse withsiand
voltage in prackets)
Un o] chase isolat- Iy  dma Jdm P
sarth o ing di-
onase sance
i <V <V WV A A KA mm
1€C 338 ‘0 i 12 400 « 18 130 2CFle
vVOE 40) {40y (46) 830 83 24 130 JCF18
IEC 72 20 20 23 400 <40 15 150 JCFis
VOE (E0) 80 (70 830 &80 24 1S0 3CF18
VOE 12 238 23 32 400 0 16 IS0 3CF4
(List 1) (80) 60 (7O 330 30 20 i50 3CFI6
1= 12 28 28 32 200 40 16 SQ JCFaa
Y0E (73 (73 85 &30 30 20 1S0 3CFu48
{List 2)
400 0 16 210 3CF34
330 30 20 210 3CF35
1eC 15 36 38 2 400 3 21 210 3CF24
ANSI 295 (93) (108) 330 : 21 210
IEC 17.5 338 38 45 00 0 i 210 3CF24
(°5) (85) (10} &30 =20 16 210
VDE 24 30 30 80 200 40 16 210 3JCF24
{List 1) (99 {95) (0} 830 40 16 210
IEC 24 30 30 &0 100 40 16 210 3JCF34
VOE {125) (125} {(145) &30 40 15 210
(List 2)
400 40 18 275 3CF34
630 <0 &8 275

Opening capacity as

ccs pni Swiches up o 12KV

Switches up 0 24 &V

mull-purpose switch Sreaking Number Sreaking Number
to VOE draft 0670, current of ooe- current of ope-
Part 301 . rations ranons
5.83 A a A n
Rated system load breaking 0.7 400 20 400 20
current Iy 630 20 830 3
Rated ring-main breaking 03 <00 20 400 20
current ey, 830 20 830 5
Rated cable breaking 0.5 40 20 40 20

20 20 40 20

current lg

n15M 6.2
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Overall dimensions
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3CF loaa-break switches for wall-
mounung,, arc control devices at bomtom,
with e2rning swilcn

Type Cimension

2 2 2 c g’
3CFle {50 325 728 308 30
3CF18
3CFe4 150 325 728 308 S0
3CFeB
3CF34 210 335 728 308 30
3CF36
3CF24 210 730 311 185 120
3CF34 210 730 311 300 120
3CF84 275 735 311 285 120

* 3as emussion so0ace

3CF loag-braak swaches ior wall-
MOUNNNG, arc Conrot aewices at togom,
somptet3 with fuses

Type Dimension

2 3 b 2
3CF1a 150 325 330+4e° 360
3CF16
3CFda 150 325 390+e 380
3CFe6
3CF34 210 835 330+e 380
3CF38
3CF24 210 750 58542 292
3CF34 210 730 &865+=s 300
3CF54 275 785 365+ 292

" @ =fyse dimension "2

For turther informauton refer o

“Supolement June 1984 1o Catalog

HG 12,1980,

Orcer-No, £ 86010-K15i2-A111-Al
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RELAYS

o) { | . . e L .
Wugunsailudon Bay Level Afimifidaeminlinaminenlunag Switching U Protection

- ; _ : o &
fimuanysafatu b Relay A4y Substation smsuiveantd fu

1. High Voltage Relays .
2. Over Load Relays

3. Special Purpose Relays

1.HIGH VOLTAGE RELAY

Voltage filildiamzianzas szgnabrailu 3 Imanrimun(Upper limit) §FL Relay THnE
Tmam'ﬂﬂ Relay fiflAusnanTant AU high voltage azgnnule Vacuum Relay way luviads
: - 1 4 k74

Radio Frequency -nq‘l‘mﬂﬂnmquam Relay 1tiall  azd auou Dielectric ﬁﬁmwumu‘nqq uas 4

Contact Gap 1ualuny

HV Relay qnwmmtwam? make WAL break high voltage circuit 184 fow current capability
ToUY muqmw'l-n operate Armature i1 Contact Gap ‘nn'J'NWﬂ M5y e SW|tchmg NN high voltage
Contact Asemmbly QNAMASLY Ceramic Steatite oznzzlnaBounce) Angn sinlATaeldian

'ﬂﬂﬂ(Pillar) Uae Spring-contact Assembly Coil ‘/I']\ﬂuﬂﬂ’NﬁlﬂLuﬂ»lllﬂ"ﬁ']lﬂ?ﬂ{]ﬂﬂﬂuﬂ')ﬂ DC
voltage NNNGN 250 V ‘n\ﬂﬂ Contact %181n Silver Cadmium-oxide 11u’1m£¥umquﬂnm~1 316"

uasi/4

Operate ,..........,.. 5 W nominal

}_ﬁ-"/ll _—'{

Conzacts ......,...,..

Dielectric ........,..
Terminals to ground
Coil t0 ground ......

. Advance Relays,

6,12,24,110 VDG
7.5,30,120, 3000

SPDT max,
to 5000 V rms @-
200 ma current

6000 V rms std
300 V rms

7.5 o2

Relay, Feb '59

Elgin National Waich Company

MW 612
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s

d 1 . o . a
Model LT 1flu High VOitage Relay #i Rotary DC T@uns0siadaiy Rectifier § il nng
Operation 11 AC Relay i SPOT Double Break Contactli %38il DPDT Double Break Configuration T4

daulavziluauaudniy 20000 V sy Ground Relay lutiis Cadmium Plated

Operate ............. 12.5 W nominal DC
Contacts v...ouvunnn. SPDT DB,
DPDT DB
200 ma @ voltages
to 10, 000 DC
Weight ..oiieninun... 16 oz
Bulletin ............. LT
Mfg... Artisan Electronics Corporation

2% 6,13

2.0VERLOAD RELAY

L
- - , o
Relay ‘HUﬂﬁQﬂﬂﬂﬂlLUUlWﬂ NIZABLAUBIAE NITUALANITIANZY vﬁﬂ?zmu voltage WAL

15lunstlaariusine (Protective Service)

Series OE UAZ OF W Overload Latching Relay #ﬁnw’nmmm‘lﬂﬁﬁlﬂ’in#aﬂmﬁuﬁ'ﬂun?z
UA surge W38 M7 overload aEiNsiRiles Relay Tint ldgnesnuuy  dwiunesr 0C  uasd s
Uszynel Wiy Radio Transmitter N2 overload AZNTLAIU Relay MAIIN N9 Potentiometer
L#ﬂ‘lﬁ‘lﬂ*"ﬁm‘hﬁmm‘:uamuﬁﬁﬂqm? NATATENAY  open auni‘:ﬁ"q‘lﬁqn‘ﬁ"t-ﬂmﬁw‘lﬂ'}huﬁo Fintu
dndiam azUdeswtih Contact WiMumia  NC Series OF #hansn VA Ae W lFnszua
overload 7IFi84N1? sz 250 4 500 mA UAZTBLIATEY OF Series RTALITUIW 500 11000 mA
Coil e TR uazuti Contact vindag Siver agiaa mAUEIAUENAW 1/4° Relay Tty
Dielectric Strength 500 V rms éQﬂQj?:u"J"N Non-connected terminals URE FeM314 Terminals Wae

- -~ - - oo . - - .
Ground Al 13U Assembly qnAmLUFUTNNA N Bakelite AGNYNTEY Post Terminal
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Operate
Resetcoil ......,... & WDC nominal,
15-20.VA AC rom
Relay Volts CoilOhms
DC . it & 5.3
2 25
3 100
1o 2500
AC ... ... 6 0.463
2 2.5
14 10
s 250
220 1000
Contaces ............. OPDTmax,
0 A
lnductive ,.......... JA

Amperes rated at LIS VAC or 26.5 YDC
Weighe ... ... ..., 13.5 oz
Catalog .............. Relay, Feb,'S9

Mfg... Advance Relays,
Elgin National Watch Company

2Mu6.14

91a OR (iU Thermal Overload Relay fifiall nawmafuanesn gnAuANettTonTaiy

{ o~ ! o~ - It "J o
Toenfiadunile Wy Starting Switch wazdnduily Starter SudulylildRasly nstlaariu overload

. o £ o v ala o - a A ~ v -~
AU NAAATURATAN NU Overload Relay \WEN 1 M98 2 59 UU Starter HOAATURARLHAN ABNINA

fatl Separate Overload Relay N1% operate MasiledlNiuansENUAeTUGIUNNATEN  Switch

U L4 It J “' » « . -
Overload Relay wienil liladldinausudoulimailuns start qunsal il nmsgIuTes Reset

Relay azuluuiiy Manual @ wfunsfiom wuy Automatic inlaunasiin A 1R Catalog Number

Automatic Reset Relay 819QNIIA (WaMTHTALLL Automatic %98 WLL Manual Tnenis@enann

Fingertrip operated control lever  Relay 94 OR ndAeniy H1m3F1U NEMA Type | house Eh) open

Type TNATAMBLUU Back Plate Relay Tlisiignauusiading taifiam luehesay

IIOR"

Operate A .,........ 0.6lto 300A @
500 V max

Price ............. $8.00 - slo. g0
open
513. 00 - $20.00
enclosed
Catalog..ovovuen... 4, November ‘58

Mfg... Arrow-Hart and Hegeman Electrie Co,



104

3.SPECIAL PURPOSE RELAY

- A o - N ro S ‘o iy
Relay 1UAN NIINE NAITANITIINZN W98 Nﬁqnﬂu“ﬁﬁﬂﬂﬂ'\\"ﬂwtﬂﬁ “?ﬂuﬂnﬁmﬂ‘hd

cwam ooy d
s ldluiadedug

- - -

Assembly Products Wattmeter (1144 Meter Relay maanﬂszmﬁmﬁuwﬁ Locking contact
4 N P == . 2. Foas :
TNATUANNIT trig BN hightTa Low Limit 184 Power Consumption N1TN ﬂﬂmnnd’ryty’lm(&gnal
Limit) Qi Tng Pointer Sarmgnuuliflauuminie e Power qnidilluws ¥ Pointer unfiaf
. v ] :.‘ 0 J
Fixed Point Contact LockUaeNS? A% close N External Slave Relay Relay HTNNWAU iNauanuiin
Contact 88N 93¢ Locking gn open lumauusn i Contact qna‘u’nfmn Spring Lﬁnquu Pointer

J - { 1 [
nUFUTH Beazgn load 1antih Contact wufu

udnrasnsasnuuudusel doufisialuea  Face Plate i nsedeuluoves
Dynamometer mmsg'm'?h'ﬁ'lu Conventional Wattmeter ﬁﬁ voltage coil turn NaaluauAN current
coil A% dwaAwWU Core Magnetic Movement Coil 789 Movement 111 Plane Wi witeu
voltage coil 184 Wattmeter ua Adaunlindauiusiy Lﬂ'ﬂinéqﬁmd'tytu'\m (Signal Limit) w1l

WAT Wattmeter dilffa  nezusisiuiuazluasiau Coil 189 Magnet Movement

L Operate
Operate Volts (rominal) 110, 220, 440 vac
Current.,.,...... Standard: 45 ma
AC, but with 3
transformer
| input to 30 A,
to 10 k¢ also
available
Contacts ...uv...... 35S ma @175 - (25
vDC
2 £ 11 T S150 std model
High and Low coanets 5160
Doubie conacts, ... S163
Data Sheet.......... 12, Sept.,1958

Mfg... Assembly Products, Inc.

MW 6.16
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UAD ]y Multi-contact meter Relay Usznaudian D'Arsonval Meter Movement "T!Idmﬁlﬂu
TAULIA Meter NIATU Tuminils Meter, Relay ﬁﬁ Printed Circuit Board Wil® Printed Circuit
azflsidu  Pointer fifl Contact 1 wdanannn WRMMUALTL  Fuviivees Pointer Ly Scale A=A
Auseiudtyny s analog  wila Pointer W Clamper Bar ’-ﬁqﬁﬂqnnamhu Readout Coil 923y
Pointer W8z ALl Printed Circuit Scale  A4in1¥Meter Pointer Contact lmava? Readout Coil
Circuit QN close Tnt1 Manual w#a Automatic A&  Printed Circuit Board mmmﬂ%’ws?qusi 3 band
WAL 30 segmenttul band Fultlann wuy Drawing 184gnA1 Usenauny Binary Coded Output fan
47N 6 Separated Printed CircuitBands N1$ Resolution aziiu 1 dauly 64 dau single band 30 segment
azlin1? Resolution Uzt 3%  Relay fANYNAIRINN AC 3% UAZ OC 1/2%  Response Time

WAL Readout Frequency ]& vary Aatanla

/~ SQNG CINTALT PONTER Operate
IxEacRul on Coil Ohms .......... 250 dpprox.
Coil Amps .......... 0-1 ma DC sed
(From 0-50 microamps and 0-10 millivolts
| / and up are also available},
Rias d"a"*»‘ Response time ,..... 0.3 sec max
Pial > Readout frequency ... twice/sec or faster
Readout cotl Volts .., 12 std, to 120
;.'le available
il YA Coatacts .......cve.., 100 ma @ 100° vDC,
] —— T T 250 ma @ 110 VAC
% é | S Bulletin ....ovvuuu.. .- 4B
_L—l"z——'—-"‘h ‘ Mfg... Assembly Products, I[nc.
K]
(¢ =
d ~r
ar

oA

mw 617
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CONCLUSIONS & DISCUSSIONS

N9 PC 41AIUANNT? Switching  luszAuanillnfinties uwaclasedroaes aoniflndia
doe Jdulsznauiigdty 2 dou Ae
1).47URWANIZAUAINT (Supervisory control unit ) (lun1s mauRuineld PC
e dm . .
sndesfiiane vialimsraunuuuusseouan Al Diagram udminanmineTesgUngaling
] ~ : ar v - 1 73 3 ar J [ «
8y AuduALANTEALEINTT Anjuiumemunlaelifuandygyroirfesinuazginead
] . - . ) ¥ - 4’ ]
fiszamnmminlleauaugunsallusysiy High voltage & Tatin1zmounngunsalivand  ssifindud
PC v3a wrAuAN Matir PC unlflunsmouan mavinasiead! Software PDIEUUAILAN
n"g Swiching Taetanig
2.daudfiiRnas ( Bay level ) 1dudouil szt uailngldfusde uas deuah
- e o . - o X -
ufumeldlleadau Supervisory nafieusesdau Bay level aztudunsdedtyiyrtuan
@2 Supervisory  HludnAty Tﬂﬂm?ﬂﬁlﬁ 1fuM? On-Off 184 Circuit Breaker A% Protection
1 < » . d" ] o - d’l
unsaliniaglu Arwiudateuredoutl uiu  nsusmeramsinludoutiazllsng
v
WNAILAN  1998IuALAN AU rnrUfiBnunnetn Sesiesiinnnusmdausiubn 3eay

R < o - . 4 A
liszuunmsaouanluanmusil Tudesnan uasindede

v
-

daunnin PC unmauANlusTAL Substation i Azl Software  TilAUuaANARANITLIY
HNN  uwdau Tae n13vimnuees Software T8N Switching seudwgnatlauie nisam Over
3 4 o~ : P
load 184 Substation gl Software Haziflusini@annitlaudie annanetlay videudeuwlasi Over
. ; . <X p A .
- load laneilauvFentauasfiennnsady Load hsauldan Taenisvinengul asvinliszuy
- - , 4 P 4
HaheInIn uazAMNUNTalaNINENTY
- * dv - . . 3 1 o
VANMIINWIUTEN  Software U A8 NITUN Engineering Knowledge — NAfanAUUUA
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MU Load MNAMTUSN | TO9USIAY  Substation 438  Feeder UANLNNARANTOUNAN Error  Tias
SubstationAn INATRENINTTSWitching  vFe TaudneiLoad 1 laneulae Substation 73 Emor wANT
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qm:‘la’{?u N19Switching nau Substation A Error ﬁ'ﬂﬂ'] vide il Error el AIUUNTTSwitching
vitnlaudie Load Aifleg luusiazSubstation Wiimnzausad wnfign  sussdunainly
Substationusiazuvia azlaiifim Over load WALl Fuar sz namuiiaiosnan uas A
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unastie anvisdedaaliangnislieusesgunanl luusiassuostation  fangmsldenufidiagund,
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