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Hotel Customers

'/ e

® 1 T/Ronly
¥ 2 Dip only
® 3 T/R or Dip
¥ 4 No effect

unanuiiaueUssfiumanaia dmduiinu
AuEzanluNITanITEAURSIAUYBITTUY
§mhe luduguamlid Feddeunane
Ystnn  uddgmamamlwihiidedulussuy
il waefinansgnudensenudedlilngshauas
Qmﬁmniiumnﬁﬂﬂ ﬁzymuiaﬁulﬂﬁmn%“vmx
(Voltage Sag/Voltage Dip) Falaungaulng)
nvloant (Fault) iinduluszuvanedmdessuy
ﬁwm'wEJLLa"aa'ma‘lﬁa‘ﬂﬂWLuﬁuﬁ‘ﬁNLﬁmﬂizau
Aullgmussulriihandavns  Taeanuguuss
dntuiariuudsassiurnavesnszuarleas
sfinvesloan uazsvoznatlunisidaveasives
gunsaitleaiiu sdilsimuannanisnsiainsesiu
aunwlsiihues nvin. luituiifeugpanunssu
meananmaensyey 6 U dahedlugud 1 iy
wmvuitmngunsalluiivesgnAiiusinsgu
SEMI F47 pnuuunnnuan nssasuidemiuseiu
Iiandavazwes Eindhoven University of
Technology Uszineluisasiaus Netherlands
1 cﬁagﬂ*?i 2 wdwansznufina douaunsa
anaslalidiioandt 70%

II. WUAIMNITANY

nslifhanunselidoyadunuamldiiidoy
ilenstmuauiunIstisng - Muuaveuiun
diewuoudnisluiihidsnuawiieny uasldidu
wdasiioUsznauntsivualasaiassAn Tz

Intihauszduamunliin uslvalaiffinsiuin
dulngllififeyadunnnmliisvezeniiies
o W o . . o da o
wadmiuanuiing  usnslwihddeyanifines
Y Ay - A v '
fusiisumudeiielavesssuuliit  Tuwdas
299siieuuegaiisane Thun SAIFI uag SAIDI
saduazlduuinnuaainiuinddgwiuseiu
Inihandavuegs  doudinszualwihdndaauy
Momentary g1 uagilszezgianainiiuiuni

Tunsdnwwanssnudunmnmlniiazliisnig
iwededauninlniinievdinisanssdy
uswiy TmdsszduussduanaudfIuIuAiIves
o o PRy
duflnanminiazanaaduvinla wazanwsaan
A vY vy a & a ¥v o1 A
uansynuiignAnlasuAndudulavile e
Usgneunmsiansanusslosdfiagldsuannis
anszAuLsIu s umadaLazA 1uN1TAINY
= v oa v o as o
Fnenansdneds 2 Idiaue Sty
. o M - .
dudnunliihandeyaluefin  lasenduninu
Funugszninedvdauninliiwasdyiasu
o A& v 1 ] = ]
etlolduazdoyavosszuuluileingg  Fawud
SRl udvilianudedeldndniiaudiuiug
fusdinuamlnith dafuladon SAFI Husil
anudetioldndnigldmeanuduiusiing

wnwuideyadviann iy SAIF uasdeya

syuulnihieingg Tuefnilauduiusiuluseaud
annsngensulduds axldmuduniusiduials
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Uil 4 drenumandeuvasauduiug Uil 5

AULWIAR EPRI

anuduusvastoyalull 2549 gﬂﬁ 6 n1swensal MAIFI U

ANUWUIAA EPRI

2550 Taglddoyatl 2549
AULUIAA EPRI

Partomares & MBI Do ia 16007

&

Tomirirg o o Dlack Vasciasan-Grom. Tou-flad
&
Pradicted
8

{ "’_

munuﬁt A-mnsu'ro(nm © Daia Poing:

R=0976 2

Bt Linear Fit A = (0.726) T+ (6.58)

e v v v
= RZ = 0,744
70-

o Data Poins
Bt Lirwsar Fit
Clsennd,

@ @ 40 en e 0
Observed

JUT 7 Aenumaefeuvasanuduius Ui 8

AMALUIAATIEUD

anuduusvasdoyalull 49
AUUIAATNALD

mw 9 n1swensal MAIFI U

2550 Tagldidoyall 2549
MULUIAATIEUD

Portormace s B E0e-008, God s 1007

n o L] L L]
VD et

Predicted

Bi¥EsBBIBE

Beost Linsar Fit A= (0.747) T+ (608)° g Daa Pons

R?=0787 .° P

OtsenmdePredcud

o g .
fananuihnedsiaunminilueman vl
nansziuussiuluszuu 22KV sely

Taeunfudanuidimunzaudonuninlniisu
ussslnihandrunizazldduil  SARFI (Systern
Average RMS Var\atlon Frequency Index) by
SARFIx ﬂmwmuﬂswaamimmwmmsmwm
sEAuUsITUtosndT X % visaidulAs X vausediu
Uni (dwsuszozgnantioonin 1 i) uaznisiiu
doyavzdedliiniesdensiainnuninlnihids
- ' 4 a Yywvd e
Aslsmune uazldazmniiasAnaalifaandluih
< - RG] o v
Wusgarnauiug 39 aa. ddlifinnsiudeya
aun e SARF Tuefia Tufuitidoants
Anwnidly (uszmluwuwuﬂuammwnﬁww
mananaviniy) feduFdlslannseldid SARF
dednwmansenuiuaanminihlalasass

aglsfinuainguil 3 Sadinsitudoyananseny
siognAngulssusuluiiuiidantagiinainseuy
SCADA (Supervisory Control and Data Acquisi-
tion) wazanmafiudeyavesgnin wudigndn
dulvgagldsunansznuanmanisal  Trip
Reclose (T/R) Wumdn 3 T/R Wuteyaiflilu
AsAIUAIRYE MAIFI (Momentary Average
Interruption Frequency Index) FeRosuiiade
Srnuadsnisiisliinsywsu (mmmuﬂunaﬂw
futiosndr 1 wil) fmheduediiens uay
annsamldanssuy SCADA fiannifluiieine
s‘z’f&l&’ﬁ]’uﬁﬂiwaaﬁamﬁﬂ Wnesalud@ laud
sveznaianluiy mmuanmwimwaﬂimu
'Lumoqmmuuﬂ Lm%smzﬂmaﬂ (KvA) fifin
Iistlumannsadiug s
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o ade

losann SARFI uaz MAIFI Hudfvilfifuunliy
nswdsuuadulufimmadioatu Snitainguit
3 daudnignAndaulnajagldnunsenuain T/R
Gafiosil MAIF thues fafudsansnsonoasy
hanansaldded MAIR iledudunudvil
Al uaraunsauanwanssnuiignie
sl sfunuiteiasideyaan
S¥UU SCADA snénuiunien SAIFI wag MAIFI
Tnolddoyadoudd 2500 &4 2550 wiliasien
manudTusIEwing MAIFI fu SAIFI wazdoya
wpssruuliihiun eflasianyiuedn MAIFI
Tuewasvdinsanseduuswiu  laeUszendld
wwIRRINENEISENBe [2] Litevnanudiug
5EWINg MAIFI /U SAIFI LLaw'u’aasama&iwulWﬁwﬁuq

Pnenasode (2] EPRE laimuiuuudiaes
dwsuvhune (Prediction models) SARFI %30
MAIFI Iﬂalﬂﬁaaﬂamﬂmsmaﬁmﬁaﬁﬁma uay
ofuseiannuduuisvesdoya  warldmaiy
duiussyndne SARFI w38 MAIFI Audeya
wpsszuulihEun sonuidugnsdmsuiuneg
SARFI v3a MAIFI fsaunsfi (1)

nkv?
MVA, .,

N =k, + KR+ K| +k———

Tny

N Aoidon1syiune i SARFI %58 MAIFI

U Aemnuemanevioian (samdaa wazeanu
wla)

R fedwilmuideiiols Ao SAIFI, SAIDI wie T/L

KV AoseauusiiusEningany
a o ) ' o & &g

nf AedunuaetowimunlunsasUa Fallaniu 5

MVAXfrnr - fiavuin MVA savesmliowasluns

azanetou
ufesldmaiinesannaunsd (1) W R |
nf uag kv2/MvA snidudeyadunabiiulasene
Uszamiiiouiemanudusiudszuinadaya
Buwniu MAIFI daly

1Il. Tnssgnguseanmiion (NEURAL NETWORK)
Tasseussamidion  Hussuussuranadoys
Afiaudnuarnisihan eulddulasee
Vsvamaamadainen  dddasseusvamidion
aunsoiudadygiunsifn  wiesyAndives
uywdlifuwuuieomndindrans (3, 4]

Ui MATLAB Siddsdiaguiitelilunis Train

warwEiusszIdunaLazone neagld

o & - w & o,
ﬂ'\ﬁﬁLLEWLQBUI’UWQWBIUUL‘WBUi%ﬁﬂa‘uﬂ'ﬁﬂ'\u?m

LNEWFF  fleasndlnssinsdmsuaeulaseing
Usyamiien #7835 Feed-forward back propa-
qation  Fwagldinnuduiusszninedoyadunn
UALDIHNA

2.POSTREG  tilethanudusiusiilaannsaou
TassneUszamiiisannm MAIFI wazil3euiiou
fluAa3e Tneldis Linear regression LioUsziiiu

e o

m7uwuLqummmauwuwmmMm

3.Objective Function: 14 Linear Regression
(R) \ilenaaeuanuwiugivasnisviug  lag
Amuaaieail
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n.ANUENTLSTENINe MAIFI Ausfaudsaneg
1wl 49:R? > 095
v.amwiuglunsnensal MAIFI

Tud 50 : R? > 0,65

awidviaglidoyavesseiameiiierinue
MAIFI Tagldlasstneuszamiion nanfeldlase
deUszamiisitomanudiiussewin MAIFI
U SAIFI uaztoyavesszuulnidug vesdeya
Wl 2549 andeyasin 35 Tawes wazh
AadusTlFuAume MAIF vasd 2550
fmuideyaszrinddainanideuduiusiuly
sefufivensulduds  aeldnailianlasede
Yszammileulud 2549 anduamdn MAIFI Tudl
2550 wiwUBeudisufiuAness  ntuedld
TnssteUsvamidioudiomanuduiusssning
MAIFI ffu SAIFI uasdoyavasszuulihaug Tl
2550 witotilulivhunedn MAIFI vestioya 35
fowmes  luewiaandanilivinisanszdu
useiliitanduszuu 22 kv sely

Iv. nMsuszandldau

delifeyadunmmuaunisd (1) muuwAnues
EPRI udr  wudhimsieufvedlasidieuszam
iew mﬂmﬂnamﬂaﬂmwmwmmuﬂhamrm
nemfeimmmmARpuesR TS TLAY
¥ 2549 fievgafie 4.7x102 Feguil 4 anuduniug
yesBunAazoAnpinLdTuSTuf Ui 5
uazANuWiugwesie MAIFL U 2550
fianuuiudnfeguil 6 FofumaneadiuBunm
ifulassneussamidionlsun  Sutundies
M3 T/L uag T/R luudasflawnes danuindauds
VTuaam‘w"an7iﬁauimaﬂmm‘wwizmmﬁau
lndfagesonnsld namierauaiandou
fAnfins 8.5x10° faguil 7 anwduiusves
dunauaziordnailanuduiusiueganysal
fagul 8 vilvinnuusiugweanisyiung MAIFI
U 2550 fevmushudunniudaguil o ey

o

denliBunauasiodnndmsulasaieysyam

=

W, A
WgUAINITIN 1

2

- < v YRS v 4
MU 9 asiulddenuduiusvestoyal
2549 @nunsalinensaial 2550 laseaunis
A R? = 0.747 gend1An Objective Function
7dly Adwagldanuduiusdeyal 2550 w
yhune MAIFI nsdlidsusesiuusesiu Tagldwis
fmesTnddlaannsdivdouszaunssiuudaun
G
Wudeyadumasaly

A MAIFI 954 wageniildmnnisviunemuuuain
999 EPRI uagnsdlifiuBunmunsnedi 1 v
U 2550 swidledr MAIFI anmsviunensedl
Wasussduussiudu 22 kv Tneldanuduiug
vosdoyalul 2550 uagAmainawes MAIFI il
anaensilivasusziuusaiuan 33 kv idu 22 kv
Foaslderilunisusadugarinansenudu
auuamlvihonnsasussiuusedun Tuddy

n131971 1 Fayadunauaziedwndmiv
Tnsednedszanmiion

1. SAIFI
2. ANUEMIAETINUNETIU
3. 5xkVZ/MVA

MAIFI

A19197 2 Aeil MAIFI 934, Ardildainnisvinune
294U 2550, Aeail MAIFI 99nn1S
YUy uazANAA19YDY MAIFI
nsalWAsuszauusswdu 22 kv

MAIFI

yue

2550

4. MUIUATIVEI T/L 1| pato1 | 17.35 | 16.036 | 10.845 | 6505
5. 91IUATIVRY T/R 2 | PATO2 | 20.02 | 13.544 | 11.897 | 8.123
3 | PATO4 | 27.28 38.41 | 16.842 | 10.438
" 1 . q | PaT05 | 14 | 20013 | 9.0704 | 4.929
siol uanalarinsedi 2 5 | PaTO7 | 2173 | 18395 | 11.279 [ 10.451
. ) 6 | PATO8 | 30.32 | 36.867 | 16.026 | 14.294
yamaudemedianasainnisidsuseduuse [ 7 | PAT09 | 33.36 | 28.995 | 18.002 | 15.358
dun Tumsfnuil mildanmaihdinaivan [ 8 | PATI0 | 173 | 52163 | 34091 | -1.6791
vosgnéngshvlsusy Fassnaufweusavany | PRA0L | 23.2 | 22158 | 12.244 | 10956
Y Yo, 0 MAFI o . 10 | PKAO2 | 18.48 | 36.736 | 12.63 5.85
LougmBTIIALTRIM MAIFL Vianas WaSAM 71 T pka0s | 10.16 | 12676 | 7.2707 | 26893
deyarnudenenoniwen ainliduds [ [ prace | 1338 | 39501 | 11.924 | 1416
Furiileannisd1519ves EPRI [2] 13 | PKAO5 | 33.43 | 46.898 | 18.141 | 15.289
14 | PKAO6 | 20.49 | 25.748 | 12.382 | 8.108
V. asUkanisingn 15 [ PKAOT | 13 | 13575 | 86765 | 43235
o, o , 16 | PKAO9 | 49.11 | 20.006 | 25.818 | 23.292
adith v N
Ul Li?‘mgmwi iﬂm%q “e, ,Tﬁsf“la 17 | PKAL0 | 28.76 | 13.441 | 14.247 | 14513
inmwwmul,zmmmamu aMA\FI a9 m:Jum 18 1 PKBOL | 37.7 | 30693 | 20.094 | 17.606
unudwmsuduiiaunnliiih dieUszneuns@iny 19 | PKB02 | 25.67 | 38.484 | 15.126 | 10.504
ANUALZANVDINITANTEAULSINUDIN 33 KV 20 | PKBO3 | 24.3 28.153 | 12.492 | 11.808
Wy 22 kv unewildlasenedszanmdion |21 | PKBO4 | 4119 | 51491 | 23102 | 18.088
Wlevnauduiugsswinedvll MAFI way ol |22| PKBOS | 879 | 8737 | 4308 | 4482
SAFFI ~ v suulwiing P 23 | PKBO6 | 9.04 12.39 | 6.7739 | 2.2661
AN TSRS UUIINIAT WOV 150 op07 | 2001 | 13.438 | 12071 7939
dodl MAF TuewiaandaananseAuussiuwes  [55 [ pkeos | 1 | 3.9045 | 3.0866 | 20866
szuudmmheunuszuy 22kv 26 | PKBO9 | 35 | 38315 18.852 | 16.148
27 | PKB10 | 51.44 | 17.636 | 26.089 | 25.351
Lanansdede 28 | TLGO1 | 14.55 | 4.1278 | 8.1239 | 6.4261
[1]5. Cobben (The 29 | TLGO2 | 37.47 | 25.087 | 14.216 | 23.254
N « 30 | TLGO4 | 26.12 | 15906 | 15.231 | 10.889
etherlands), “A customer
oriented approach to the 31 | TLGO5 | 16.54 | 21.82 | 10.276 | 6.264
L 32 | TLGO6 | 7.26 2.8088 | 6.5976 | 0.6624
classification of voltage
dips”, CIRED 2005 - Round 33 | TLGO7 | 11.61 16.21 | 8.0751 | 3.5349
T " 34 | TLGO9 | 13.73 | 9.1099 | 12.699 | 1.031
able on Voltage Dips
Indi . 35 | TLG10 | 1.75 12.874 | 3.4084 | -1.6584
ndices & Benchmarking -

Torino, Tuesday 7 June 2005.
[2]Electric Power Research
Institute, “Correlating Power
Quality Indices with System

el 3 yaAAMudsnevedlsnugaanTl uazgsnauszInnngg
wiaiamgnisallwdudaunz (MOMENTARY INTERRUPTION)
#Al#a1nn1sd1529ves EPRI [2]

Reliability Indices”, Final
Report: 1008508, March
2005.

[3] S. Haykin, Neural
Networks, Macmillan, New
York, 1994.

[4] F.V. Laurene,
Fundamentals of Neural
Networks: Architectures,

Algorithms, and Applications,

Prentice-Hall, Englewood
Cliffs, NJ, 1994.

Category

Cost of Momentary
Interruption
($/kW Demand)

INDUSTRIAL

[Automobile Manufacturing
Rubber and Plastics
Textile

Paper

Printing (newspapers)
Petrochemical

Metal Fabrication
Glass

Mining

Food Processing
Pharmaceutical
Electronics

COMMERCIAL

Semiconductor Manufacturing

Restaurants, bars, hotels
Commercial shops

Communications, information processing
Hospitals, banks, civil services

Minimum Maximum
$5.0 §7.5
$3.0 $45
$2.0 $4.0
$15 §2.5
510 $20
$30 $5.0
$2.0 $4.0
$4.0 $6.0
$2.0 $4.0
$3.0 $5.0
350 $50.0
$8.0 $120
$200 $60.0
$1.0 $10.0
520 $3.0
505 $10
$0.1 $0.5
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IEEE C57.13-

2003

|[EEE Standard Requirements for Instrument

Transformers (asun 19)

somchai.char@egat.co.th

&olo

vnummmmﬂwUmmm‘uawuawmniuLtawmmuawum fregensAuIn
Aenfunifaulasussiusiuu 4 dereluil umethemndsifeaiuiod Electrical
Measurements and Measuring Instruments, Rajendra Prasad, Knhanna Publishers,
1028 pages, Fourth Edition, 1999 Gsduvesmiiaulasaiosiieineyunil 8: Extension
of Instrumnent Range 1 293 fis 355

Hewaswhlanddediogroudaiun mﬂmaaaammuam azdourmiely ?
&on

Tovs: mifoutawusstustmilsdidnsdau 1000/100 v Smsfwesiiisitede
armiunuUgull = 97.5 Q, Suenuaudugund = 65.4 Q, AnuiumMunFsgl =

=0.02A 9 (a) Anueaaladeuvespiiavylidisivan wag (b) naalunie VA
dlashusenauiduiunils Faeshlinunanaedeuvesmadugud
Raw: Sns1dmTIuTeY

(a) shszneumdwarlidielnan 0.4 et
0s(90-a) = sina = 0.4 — cosa = {1-04° = 0915

wld 1, =1 - 0.02x(0.4/0.915) = 0.00875
vauglitelvan 1, = 0 wiudadly 5 _ 1, (X, cosA-R; sind) +n 1., -n1uly gyl
ez
n’v,
1%, =16y
g JXo=lnly _ 0.00875x654-002x975 _ | 000 0 (0e0 a0

nv, 10x100

s
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(b) dlesusznouiduunionneaudn cosA = 1, sinA = 0

i 1X, +n1x,-nl
A AL L
n*v,
W1 6 = 0 TRy - N(1%, = 1nf,) _ 100x(0.02x97.5-0.00875x654) _ o oc o
X, 110
tufioarld VA = 100x0.125 = 125 VA
&oa

Tavé: mifoutasussiuiiisnsdrnmuthede 20007100 v, & RCF 1y 0.995 uay
ssla (v, aamds V) T 228 ‘Lm'mﬂuﬂuvmawmniwuaﬁﬁﬁmﬂmumuﬂwma
100/5 V, i RCF 1 1.005 uazapunla (1. auvd 1) 1w 10" iileTaraslntiiniidnelst
fulvanaumilenhudaifien m,maiwmﬂuvmawmwuaaqmﬂwmwmuammmﬁ
W 102V, 4 Augz 375 W emeiwiememsady, nszuanasindsaihidelituivan
wae: 61 ¢ Duuiaszwiuswiunfegdves PT waznszuaniogiives CT udsazld

375
102x4

VI cos¢ =W, — 102x4cosp = 375 — cos¢ = — ¢ =232° = 2312

Fig. 8.34. Vector diagram for Example-25.

International Standard Series

8.1.11 Accuracy calculations for voltage
transformers
(M3AUIUAMULLILEYD Mo RUAINTIAL)
Several methods are available for calculating
the accuracy of voltage transformers at
different burdens. These methods, utilizing
winding impedances and core excitation
characteristics, are subject to some limitations
and give results having less precision than
those methods that employ a combination of
test and calculation.
fogwaneTsnisiululdlunisiunnniy
wiiugvessioutasusady s wednuiumneing

. Answenil, ondduiiunuduosann uay
AudnvarnsnssiuLnuvan,  vUszauiude
Sifaviseene wasilFldnadnsidanuiomss
fnd13snsaue ﬁlﬁ?ﬁﬁ'm&amamwdmmwmau
AunsAu.

The latter methods, using measured values of
true ratio and phase angle at zero burden and
one other burden within the maximum
standard burden rating of the transformer,
yield results having a high degree of precision.
This is possible because both the ratio and
the phase angle of a voltage transformer give

practically straight lines when plotted against
secondary current at a given voltage, power
factor, and frequency.

Fmavdaiy, mmammnmsmamwmuwLmaia
ﬂuumv»lamuaimumumua suiavefaudugn
mﬂnumagmsﬂ,uwnmummummgwuq&qmaa
wilauuay, %‘Lﬁwaﬁwéﬁﬁizﬁummtﬁmmqqq.
e ululdfinsngiasnsdiuaslanes
nffoudasusadiu lumesUfiReiiaonuduiusidu
WHUNT LtﬁaL%&uﬂstfiﬁUﬂi%LawaUﬂﬁ U3,

fusznaurds, Lhamwuﬁ%‘ﬁwum oo - o

ATz 11UV, waw“‘ 834 fia ¢ = 23.2°+0°22'+0°10' = 23°44'

2000
BW?'\H?U\L?\WWUV\[WWN = 0. 995X =19.90 —
wsedugugiiituiaie = 10.90x102 = 2030 V
o . 4 owa 100
DNTIFIUNTLUANIUNDIY IODSx— 2010 —

mmadgunﬁmﬁﬁq = 20.10x4 = 80.4 A

sl iisneliuivanaie) = 2030x80.4xcos23°44" = 149.5 kW
&od

Tang: wifowdasussduiidn 4800/120 V. ddrunuseudulguniuagyiegil 15000
wag 375 nuddiy ieleuussdu 4800 v lifuvamaugugdll v fiduniegfidanes
wfinszuausugil 0.008 A yunumdausadiuey 74° wilesioiuesiauunsanitinuin
YRegl wdinsvuaUgugf 0.018 A yumundaussdueg 55° ufiuaudvesunainygugd
W 600 +j 1000 Q wazwmaanAsgiidu 0.3 +)0.6 Q () dsuumuiaawes (i)
nTzuaazusIiuUaeaeiunisgi Wetlouwseiu 4800 v Tifuuaaanugugl
(i) muAIAMIAAGILTENNIE, SRTIEUTILIE warANAAIALAREUTEY
dnsdu

way: ‘
() unudalagosnuguil 8.2 Ve 151X
uaﬁuaﬂLmu%wﬁun‘,ﬁﬁéwﬁﬂﬂwmﬁuqu

UYIULSIA, NTTIE, ATUAUVI

Pig. R34, Vorier dingram selsrved is prinary. e

(i) Swsrdnnmihede = 4800/120 =

nssuavauglidnelvan 1, = 0.008 A uagyuszyin v, fu 1, = 74°
nszuauguQil 1, = 0.018 A Wazausenine V, fu I, = 55°
s 1, Ul = 74° - 55° = 19° wudawlawesued |
uansdlinugui 8.33 Geaglel

gl 1 (=1.7n)

AE = 0.018¢0s19° = 0.01702, EF = 0.018sin19°
= 0.00586, DE = AE-AD = 0.01702-0.008 = 0.00902

- DF - JDE*+EF* -
756 A = I, =

I =

I \/0.009022 +0.00586°
n
101 40%0.010756 = 0.43024 A

ST 1 U 1o e B = cos DE - st 200902 _ 4q,
N DF 0.010756

Wesnuusswing v, (U 1, = 74° dadugusewin 1, fu v, = 74°-33° = 41°

Lﬂaamm{mwiw v, fu v, 1u O ﬁqﬁugui:wd‘m ViUV, = 41°- 0 uagszning
Vifiul, = 55°- 6
29 A ABC auguil 8.24 axldl
V, 086 = V,+1.r/cos(41-0) + 1x;sin(41-0) + 1 1, cos(55 - 0) + 1 X, sin(55 - 0)
= V/+1.r/cos4lcosd + I.x/sin41sind + 1,x; sin4lcosd - 1.x; cos41sing +
1,1, c0s55¢08 6+ 1,1, sin55sin 6 + | x, sin55¢c0s 6 - I X, cos55sin

1u 0 fitiesun cosd = 1, sind = 0 satluazld

V, = V/+1ir/cos4l+1.x;sin4l+1 1, cos55+ 1 x,sin55
sl T, = 600 Q, x, =1000 @, I = nr, = 480 Q, X, = n’x, = 960 Q
Wownuanmanilugunis avlel

V, = V/+31.61 >V, = 4800-31.61= 4768.39V — V, =V//40=119.21 V

(i) inueaifieaiuain A ABC muguﬁ 8.24 aldl

V,sin@ = 1;x;cos4l-1r/sin4l+1 x cos55-1 x sin55 = 5.883
mmmmmmaawawmvﬁa 0= sint 2888 _ 4oy
4800
o ;oA W e V,
Shdnituiaie K = 2 - 4800 _ 40565
v, 1921
frsenoumsuidmsdau Rep - _Acualratio 40265 ) q660g

Foo Nominal ratio 40.0

Tang: wiloudasussduiinruiuniudndgugd r, =300 Q, Suenuauddulgund
X, =600 Q, AnudumuiuAsgd r, = 0.75 Q uagiuonuaudiuugugd x, =15 @
Snsrdaudiuauseudu 201 wseiuugugfidu 2000 v Lifilsflnssuanszduunuman
LLa;mm@mL%dummﬁﬁ wmﬁwjzﬂaUﬂ7$LLﬁﬁm?1d’:uLLiqﬁu (RCF), AuAan
IAABUIBIINTIEIY uazAAMALAGLTDNNA alesiauinunglivemioulas
uju (@) 50 VA ﬁoﬁ'ﬁﬂimauﬁ‘lﬁq 0.6 3unamas; (b) 50 VA
ﬁtﬂ"ﬁﬂsznauﬁwﬁuﬂwﬁa; (0) 50 VA fighusneurinds 0.6 ywthwih; (d) 25 VA
ﬁ&'}ﬂixnauﬁwﬁi 0.6 3UAMMAY; () 25 VA
Ausenaumdadiunis; (f) 25 VA Aishusznauids 0.6 yuﬁwﬁw

Wwae: auufidrsdudinuseuhivdnmdunuthede tude

=V, /V, =20 =V, 2000/20 100 VvV

safunszuadt 50 VA A 1, L5050 oo,
v, 100
wagii 25 VAo 1, = 22 = B _os Az l, =1, = 0
TV, " 100

(a) N5l cosA = 0.6, sinA = 0.8

R, = n°r +r, = 20°x0.75+300 = 600 Way X, = n’X, +X, = 20°x15+600 = 1200

R . 05
F[Rp 00SA+ X, SINAT+ 1,1, +1,X, ZT)[eooxo.s+1zooxo,s]+o )

v,
pLI - 2033
v, v, 100
fusvneumsuisnsndau Rop - Adualratio  20.83 ) 4 6q

Nominal ratio 20
PARIAAABUTOTATIEN £, = %xmo - -1625%

ANUARIALATOUYDILIE

I, [X,c0sA-R,sinA]+nl,r,-nl,x,  0.5[1200x0.6-600x0.8]+0

0= . - 2 -103
v, 207 <100
g 95(600+0]+0
o 1 osnA <o flE v 05
(b)nsdlil cosA = 1, sinA = 0 WA Vo _ 0, 20 o015
uazazlel Vv, 100
20.15 20-20.15 _ 0.5[1200-0]+0

RCF=—= =1.0075; ¢, = %100 = -0.745%; 6
20

- =516
20.15 20" x100

(@) n3diil cosA = 06, sina - -0.8
95760006 -1200x0.8]

il Vo _ 20420 - _ 1985
v, 100
uavarld
- 0.5[1200%0.6 +600x0.8
ROP=1985 0005, ¢ - 2071985 00 g 00[1200x06+600x08]
20 19.85 20” x100
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8.1.12 Calculation of voltage transformer
ratio and phase angle from known zero
and rated burden data
(Mmsfuaudnidiunazasavasmioudas
ussduandeyaiituasiauguduaziuafiauiiin)
In this method, the true ratio and phase angle
of a voltage transformer are known at both
zero burden and one other burden, either a
rated standard burden or, more conveniently,
a pure resistive or capacitive burden, for a
given voltage and frequency. At the same
voltage and frequency, the accuracy for any
other burden and power factor may be
calculated from the following equations: o
ﬁl'lii'!ﬁﬂ’liu 00‘]?'\571&’/\LLWQSQLLE%&{MLW&YJQQM@]’@
wanmﬁu%ﬁwdawﬁa %&ﬁnua%mu@uémx
maimuauanm‘ww “lmw.,l,ﬂuma%l,mummgﬂu
ftmun vde, itelavaandety, el
Pmumumwiammﬂwﬁ‘muq o (e PIEH
v, o usausazaiAea 81a
mmmmmLmummmuummulmﬂ 9an
aumasolyif<e

Bo is the zero burden for which RCF
and 0 are known

ey

Luamumuﬂuum RCF uaz 0 uan

Bt is the burden for which RCF and
6 are known
weslauA il RCF wag 0 win

Bc is the burden for which RCF and
6 are to be calculated
wasinuilagAuln RCF uaz 0

Ot and 6¢ are the power factor angles of
burdens Bt and B, respectively
(in radians)
yufuszneudmwenuesiau By
uaz Be auaau (unihewsifen)

NOTE - 8¢ and 6 are positive angles for lagging
power factors.

« I
wnewn - 3u 0 uay 0 WWuuandmiu
fhusznaufdsniyavianuva.

RCFg, RCFp and RCF¢

are the transformer ratio correction factors for
burdens B, Bt, and B respectively
fusznaunsuisnsdiuvemdowdasdmsu
wasiau Bo, By and Bg Auddu

Yo Yp-Yc

are the transformer phase angles in radians for
burdens B, By, and B respectively
suwavesfoulatumbesidey  dmiuves
LAY Bo, By, 4ae Be uadu

NOTE - y is considered positive when the
secondary voltage leads the primary voltage.
e - w1 y fednduvindeussiuniogd

Taaeimusaduugugdl.
RCFy =RCF{-RCFg

which equals difference between the
transformer ratio correction factors for
burdens Bt and Bg
Fafiduviunasineseniniusznaumauidnm
druvsmmtlouwUasdmSuuesinu By uaz By

Yd = Tt-Y

which equals the difference between the
transformer phase angles for burdens Bt and
By in radians
Fagldwinfunaseseuinaguirlavemioulag
dmsuluesiau By wag By, lumbheisifiou

RCFc = RCFq + [B/Bt] [RCFq x cos
(0¢=0¢) + vg * sin(0t ~0c)]

Ye = Y0 * [Be/Bllyd x cos(0; —0c)
—RCFq x sin(6; —0¢)] radians

NOTE 1 - Multiply radians by 1000 to obtain
milliradians (mrad). If minutes are desired,
multiply by 3438.

ATAsudIY 1000 dieuvandund sluviu
sifey (mrad). §wesnsudanduduan, lrigu
e 3438

NOTE 2 - These equations provide an analyti-
cal determination of voltage transformer

(d)nsdiil cosA = 0.6, sinA = 0.8

dos

aumawaiidunsiunmedimeug. fudaunadiladdi

o V 025[50°X°5+12°0x03] ey el Prrii U
dibdld e 00420~ _ 20165 wadwsaignsadlumanensd, fliimsaenseninlidh dwiuvesioudd
Vs 100 'umgfmcg' (Fheghay, Z e 22) mmﬂmmﬂﬁaﬁ«qwﬁnzwulﬁmmz
uazazldl fiaduld ueniderindihad-woundivoavesiauiifrud ddwiiurie
RCF=22195 _, o805 ¢ = 20720105 1 _6.80%; 60— w _55i5  wnnh Lua?\,gwuﬁﬁﬂ;iiﬁhl,whiu, uazAneag dmduiuesiauiizanudn
20 20165 207x100 fuwedinuidugudldsunisinediegnies. Jymilvldanaandotes
(e) n3dlil cosA =1, sinA = 0 figalddmiunng nsdl Swavefinuiiiaudgniiliiiang
v 0'25[600+0]+0 wirfuswaveauesinuiiimusvemiioudasidmesou.
ildld =2 = 20420-___ — _ 20075 doct
v, 100
a: Tsunsnines (Protractor) ityafidluitil wihawiauit
wavazld WilusunsninesitliasioGouuszan- Stsuuvizoli 2
. 0.25[1200-0]+0 ! "
RCF=22975 _ 00375 & = 20220075 10 _0.373%; 0= 5 : J+o_ 258 ou: uuuﬂmﬂﬂmwjgmgiwmm Lym s fugunsalfailannuuy
20 20.075 207 x100 Blfnutunszmmuunuitaded tassunudulihdumdn
(f) nadlil cosA = sinA = 0.8 Wesnnegmeludetmuaieiuniouausduuuuiildiunsda

fhegnlusunsnmesiilfnuiunsmvemiiaulasuswiu anunanud

Wuenansersdamuneian [836] vea C57.13 adull Aeunany Settles,
J. L., Farber, W. R., and Conner, E. E., “The Analytical and Graphical
Determination of Complete Potential Transformer Characte@stics,”

v Ozs[eomos 1200x0.8]
dldld Ze 00,20~ _ 19905
v, 100
wavazld
- 0.25|1200x% 0.6 + 600x 0.8
RCF = 19 925 = 0.99625; ¢, = wx100= 0.376%; 0= M=258’
19.925 20” x100 &mno

ol

AIEE Transactions, part Ill, pp. 1213-1219, 1960. fdnweuzeail

€57.13-1968 & 1978 wuvhuwdalumsaaesuauimantiidiss 2

Fnsusn dwmduIsmsii 3 dieezusinglu €57.13-1993 uay

These equations are approximations. Although they yield

accurate results for many cases, the user should be aware that for
large burdens (e.g., Z or Z2), intolerable errors may be introduced
unless the volt-amperes of the known burden are equal to or
greater than those of the unknown burden, and the values for the
known and the zero burdens are measured accurately. This
problem is minimized for all cases if the magnitude of the known
burden is made nominally equal to the magnitude of the rated

burden of the transformer under test.
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accuracy. Although they are long, a simple
computer or programmable  calculator
program can be written to perform the neces-
sary calculations quickly and accurately. Also,
it has been shown that graphical solutions of
these equations by means of special scaled
polar coordinate paper and a protractor are
sufficiently accurate for most revenue-
metering applications.

aunswaniliEmsmanuusiugwemifendas
ussdulagndnmsinszid.  wliaun1szen, us
peNfialnassITIAMI olnd psAnaiaiitou
mMld Raunsaeusdslumseundisniu
suTmauazuaiugr. uenani, Suandliiiu
I&8ninsmdneudiensmuesaunisanis
Tngldnseauunuiiindetandeusnnsda iy
warlnsunsnmes  AlWaruusduglusesuil
gawvedmsumailuldfuieTstnildaaiiu

Aun1SAMIY RCFe ua¥ vc drediu anguli
maaﬂmmmzﬂ.ﬂu lunsdlfivesiaudmiu RCF
uag y msmuummsvnaumaauJum

RCF. = RCFg+[B¢/By
[RCFg x cosO - vg x sind¢]

Ye = 0+ [B¢/Bllyd x cosOc —
RCFq x sinf¢] radians
where
il
Bt is the unity power factor burden
wedauiifusznaumdadunds
Yd is in radians

Wuyslumbesidiou
For burdens not exceeding the burden for
which RCF and y are known, the foregoing
calculations will produce the same accuracy

waz y dedAud, msdummuiingnuud
~'mewLmummmunwmiamﬂmmnms
LEECIEE] fesmudesiliiandu.  oms
muamulwmmauummimmumuaimumn
g, wadnsimlsdasiemusiugianas.

Consideration should be given to the effects
of the increased heating due to the heavier
burdens
‘waumimumawaﬂ?wmuaqmﬂmmsauwqu
wumamaimuwmcﬂmmmum’m

8.2 Demagnetization
(Mssaresruausiiian)

Three methods are presented below for
demagnetizing current transformers:
Fensametheiinsdiauasoluil  1ilunisaane
Sunausianvemiioulasnseua: 0 - €@

dqulug.

the unknown burden. When the calculations

The equations for RCF and y¢ above reduce
to the following simpler form in the case
where the burden for RCF and y are knownto  obtained.

be at unity power factor.

are used for determining performance at
greater burdens, a lower accuracy will be

dmsuesiauiiiabiiuuesiaudmsu RCF

as would be obtained from the actual tests at

a) Method 1. Connect the current transformer
in the test circuit as shown in Figure 20. Apply
enough current to the high-turn winding
(usually X1-X2) to saturate the core of the
transformer as determined by the ammeter

€57.13-2008 avuilldmu €57.13-1993 yinaths
&me
o 1AsgIU IEC fmua “msaanesunaulivinvemileuvanszua” uansnaen
wnsgu IEEE violi ?
ABU: UIMTFIU IEC 60044-1 (2003, CT) Subclause 7.1: Short-time current tests
Wuwiaerdineds “msaanegunauimin” Taglfidunasiagnmildumsdndui
wifouUasriunsnaaeunsruatisduy vieli audenuiii

b) its errors after demagnetization do not differ from those recorded before
the tests by more than half the limits of error appropriate to its accuracy class;.
usidaudug vennAsgu IEC atudundn lildwafedungun)snisaaiesiuiausingn
vomilouvainszualiBnias seanuimsgiu IEEE aduifauuzduneulits 3 35ms
Fatlodn IEEE fiformun “misaanssunausivan” Falwunia IEC 1n
Eenlo

wilade McGraw-Hill Dictionary of Sdentjﬁc and Technical Terms, 5th Edition,
1994 Irleuvesiniiang Aluiuguierfumahldieuasnisaanesmne
wilwidin T

demagnetization: 1. The process of reducing or removing the magnetism of a
ferromagnetic material. 2. The reduction of magnetic induction by the internal
field of a magnet

AsEANEsLNANmEN: 1. muﬂawamWiaﬁwﬁamwammuwuumanmanam
woslsuniuiin. 2. nsannsmiendiuiviniiiaanauuansluulngn.

ferromagnetic material: A material displaying ferromagnetism, such as the
various forms of iron, steel, gobatt, nickel, and their alloys.

FaoulosTsunnuin: g iuansauunindnmesls wu guuuusien veunan,
widgnnan, Tauead, Tiia, uavanswausiieg seawiniiu.

ferromagnetism: A property, exhibited by certain metals, alloys, and
compounds of the transition (iron group) rare-earth and actinide elements, in
which the internal magnetic moments spontaneously organize in a common
direction; gives rise to a permeability considerably greater than that of vacuum,
and to magnetic hysteresis.

ansmlasl: fin: auavifdedoglulaneuisedng, ansuay, uazansUsznauves
519 Tundumsuddu (nguamin) uazlunguueniilud, wﬁlmLuummmanmﬂ‘lwmmmu
'luwﬂwqidﬂmammwmq W‘lwmwww‘vﬂwmmeumnmwchytywmﬂamd
wilddn, uasiiudanosdausivndndae.

magnetization: 1. The property and in particular, the extent of being

magnetized; quantitatively, the magnetic momentper unit volume of a substance.

Also known as magnetic dipole density; magnetization intensity. 2. The process
of magnetizing a magnetic material.

miwﬂwnmmmauumﬁn 1. ﬂWﬁll"u(ﬂiﬂULﬂW'\"‘U?JUL‘Uﬂ‘U?Nﬂ’ﬁlIBWHTi)LLUW‘ﬁﬂ
IUWJUSN’W(U ﬂaIULMUWlLlJWIﬁﬂﬂaWUJMU'JUUSU’Wi‘UBQH'ﬁ figeBunduin
ADUVLUYLTD lalnausiwdn; mmwwmmmmmmaﬁ
2 fupsumevhldansusimdnifnsunausingn.

magnetizing current: The current that flows through the primary winding of a
power transformer when no loads are connected to the secondary winding; this
current established the magnetic field in the core and furnished energy for the
no-load power losses in the core. Also known as exciting current.

nszuAAS IS IANImEN: N5z LLaWuawWumﬂmﬂuﬁunwawuauﬂaﬂw%maa
saugiilsivandosgfuvnmeanfond; nsuaduiadeaunsindnlusn ) .
uaz na‘l‘v\mmwaqnumwsumigtylaﬂmaﬂwﬁﬂmmumawmul fvan. fgodunduin
nTuANsYAULNUNEN.

&am !

iladie Iminsailalih o, duri ¥, 7, beo, i ¢a liruiiieiu
msuvesmnusivanlisail
asutmangndalidu 3 wan fe
1) Diamagnetic materials &l relative permeability uaymwuataﬂuaa
2) Paramagnetic materials § relative permeability snniwidadntes uag
3) Ferromagnetic materials il relative permeability geun uay g liinsesulvan

Tnevag T Gsldnanaunudiausisiu uazslalliyatls diamagnetic uay
paramagnetic ae ns1laiiild )

odisnrmiinedu mndsudunedeumes demagnetization figldigruanideessn
ofiudn Arzdrlalédiviludenusingr 3 Fayaiaianie ferromagnetic materials whil
e

anwbidusldmaimdndudadslunisudsendmanvesansuivén
faiudamsnumunnumnevesiiiugnai

Auvaneves anwliGurldvnausiingn 910 Britannica Concise Encyclopedia
(manmwlne), wa, 2551 fidail

ragnetic permeability anwlvduruldniawiman mamuuumanauwwaw
it (v3eanas) ) luidloTaqidlefiouivaumusingn mmwuumnmﬁv"amaa
Tuuintumumamw‘lwmmulmmqLLumanmwmmu 1 gilaiffaasdslvinls
auuuivdniinmaiasuwas fagenaudadundusneg Inuanwliurnlinma
wsiwdndeid Yaglazuuniufin 34mﬁmwlwnumu‘lﬂawﬁwémﬁua veinndn 1 ntey
Fanwrsuuniuiin umamw‘lwwmuimauwwsmwuauaamw 1 \dntdes Avan gy
mtﬂmaa Faqulslguuniufin quwmaamu\LuW(arwxqumuﬂmmmammmmaﬂum
gy Imﬂmmmwunwmmﬂmua syfenniuazanas winuSavduarlansuauuisin
fiehanmiliusmilFdningUszna 100,000 viesnanin
&m&

AMUNRUNBTVDI am?ﬂmaatymuan 910 Britannica Concise Encyclopedia
(manmwlne), wa. 2551 fidail

diamagnetism dnmglaezuuniufin Sunzaniiy LLumaﬂUs“mvmuwanammmw
muuumaﬂmmnnuamuuumammuiuamtaua uazauindnuedusgnndnoen
mnwamﬂlwanﬁq‘lumnmmmmmanuu 'luaar»]qau'myamuLLumanwmmmn
Siinasouazldnaiunaysuiulugud edrlsfinuilensiaslnesuuniuinluau
wiwmdngeuen auminimsma'maumLmmanunumanmaumﬁﬂlﬁtﬁmammmmﬁn
meluileTanlufianimset miuumﬂﬂwanaummq $retauaimin feghean
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and voltmeter readings; then slowly reduce

the current to zero. The rated current of the

transformer must not be exceeded.

3Bnsf 1. senlloulasnszualinsasnageudisil
a a = o

me‘luzﬂw 20. Younszuaiiiosweliiuanain

Pidnnuseugs @handu x1-x2) ieldunu

widnvemieulasiiudus Iﬂﬂ%ﬂﬁmﬂmiém then slowly reduce the resistance to zero and

wesiweiuazhadfives, :ntiuiresq annszua
' < Y X 4 o o 1 a

asdrud.  iinszuanloudnludosliiunssua

fitmuavemiowUasdatiu,

in the test circuit as shown in Figure 21. Pass

(usually H1-H2). Increase the resistance R in
the high-turn winding (usually X1-X2) circuit anu X1-X2), ﬂuﬂimatmuwanwmummm
until the transformer core is saturated and

b) Method 2. Connect the current transformer 350157 2. sienlowUasnszualursasnaaaudsi

a oo )
uandlugui 21 Jounseuadidmualiiiuunain

Saio

rated current through the low-turn winding wmwmuiaum @andu H1-H2). diuay

funu R lwsesvesamnfifiduiuseuge, Gin

uuaum mamﬂuunmam aﬂm'mmumuawu
L‘U‘uﬂ‘uﬂ uazFauvasanenszuaneanly. maaum

disconnect the current source. Saturation of  vssnuwmanUsuenlisnenisanaswenszualun
the core is indicated by a reduction of current  9393¥89UAAIANITILIUTOUE.
in the high-turn winding circuit.

WARNING
HIGH TURN tﬂo:‘INmTMUGRN A continuously variable resistance must be used
WINDING A to avoid opening the high-tum winding circuit
_O \ when resistance values are changed, since, as the
\ GLIRRENT R resistance is increased, the voltage across the
m%é l-i-?;N HCI Hz -_— G resistance will approach the dangerous
SOURCE 60 Hz WINDING M open-circuit value.
WINDING .
~ Afiou
gRTNR:FNng‘R 0 %T&E?gm T0 m'lum"'lum'lunuudﬁ"ufiﬂﬁnzJ'lWimﬁm ﬁaaﬁwm’l‘ﬁlﬁa
BE DEMAGNETIZED BE DEMAGNETIZED Manlammimmnwﬂmﬂwmmuiaummawm

Figure 20 Method 1: Circuit for demagnetizing
current transformers

ﬂ?’INW'NVI’IUL'IJaEJullUﬁQ Luﬂ»ﬁﬂﬂ L!-IGFITNW'I\WI'W
i]ﬂ’]LW!.laQ‘HU ussiumnAsauAuiunuRzdilngen
‘UmllﬂﬂuLUﬂ?WiV\nBauﬁi’\ﬂﬂ

gﬂﬁ 20 A%nnsil 1: asaslumsaanesunauivin Figure 21 Method 2: Circuit for demagnetizing current transformers
Yawdaulanszug €< - &< UM 21 38mstt 2: aseslumsaanedunawimanveideuasnszus <<€ - <<

Inezuunifin wu Jasiv wans ledeuaaslsd vies uazUsen
&md

AUVLBUDY ﬁm’mmmﬁglw% 910 Britannica Concise Encyclopedia
(aanwilve), we. 2551 fifail

ferromagnetism annazusimininsls Us'mgmimw‘lqﬂwmwmmmﬁlwﬁﬁuiﬂwﬁw
vnelnflgaiandug eg1auss Uimg -nsafiinulumén Tavead Inifa uarlavenea
Vliaa’ﬁ’di"ﬂBUU’NEU’NV\HE'IFILMH’IUQH anny meamwﬂimmmnﬂﬁwmaamnwm
iﬂwuumaama‘uaaamauwLUuwamﬂmmimaawuaxﬁﬂ‘u (spm) vesdidnaseu
Iﬂui\JLmumnaﬂummLauauLﬂuuumaﬂamww wimdnawednmantas e
yliimmafeaiiaesatuii silauunsiwinasuiunaeiu Yaquaimaningls
annsavhlifianmuimanliine ilegumgiganigags (Curie point) Jaqumaniiay
yundnHuivEn uivzuansanizulmaniSlsBnasonnudeslifuawiinigags
@eney

AUMIIETBY ANNIEWIMENNS 910 Britannica Concise Encyclopedia
(nmAmwilne), w.a. 2551 il . )

paramagnetism #a12EMIWMENNTS a1y LLu‘mﬁnwﬁwﬁﬁuﬁm‘mlﬁamﬁmﬂgm
azma'auq Tnowimanmaauss miUsunawaummman unaiaiten wnadidi way
SMUIIDINaz u,aﬂaama“uumaﬂw*ﬁmawhmwmmﬂmamamaamiﬂivnaummﬁ
uiuﬂwuatanmamﬂuluau‘usm ataﬂmiaﬂsmwmuwﬂuaumaudiu‘wqmmmuau
LLuLMaﬁmiautam ﬂmvamﬁmm'hmﬂvmmmnuumwaﬂwmnivm wagyilaum
wiidnuduiniu degunaiaey aimuu.umanw*ﬁwmaaumaﬁamuam'm
0y mauunwsnﬂaau1waauﬂaliiﬂLmumﬂw anmvwivinetiseou (mwu‘luﬁwiaw
Fiduvowdaanevin Imunuqmmu
s

a1 Srnaulwdnandslusnumdnvemidentanszua aananglaldtie ?

mou: ilsde Electrical Measurements, Forest K. Harris, 1952, p. 560 83u1831
Permanent magnetization may arise from any of a number of causes.
msiaguaudindnandieginns edaTuanauvaransedng

If the secondary circuit of the transformer is opened while its primary is
energized, there will be no back mmf present and the flux density in the core will
continue to rise until saturation is reached. If now the primary circuit is opened,
the core may be left permanently magnetized, the magnitude of the magnetiza-
tion depending on the instantaneous magnitude of primary current at the instant
of interruption.

dmwsiunisgivemifeuvastmesshuariituugugiidilvindoueq whif
UsIARDUINIMANGIUNGY ARV Waﬂﬂu\mumam quwl.iam WNTNUAR
mMsdui n'mauumsmuﬂﬁunmﬂmaaﬂ unumdnenafisunawimdnanfrsesanms
ifwmmaamimﬂmuwuumaﬂwaanu‘umﬂﬂaaﬂiuuamuﬂﬁunu o moufidnas

Permanent magnetization may also result from direct current in either winding,
for example, as a consequence of the measurement of winding resistance in a
Wheatstone bridge or the use of a d-c polarity check.

msifagnauindnandednians eradunainannszuansduvnainlnunain
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il faoghay Navimﬁmmﬂmﬁmmmm"'mmwuaa'umamlmaﬁu%m'wuimﬂimu
won1snsavaeuanmdalaglinszuanse

It may also arise from a transient short-circuit current in the line, since such a
current may have a unidirectional component which has the same effect as a
direct current.

Srunauimdnandenafinannizuadnisesiuaeds mnnsvuadananad
osUsznauiamaie) Feduafuimilounssuansy

neduiedieiu aguldhiled 3 anvguang ivhldAesunauivdnandslu
unuwmdnvemilfeuvanszuasainaaun
Eenet

01 Msdaesakimdnanfsluinuninvemiioudasnseua aunsaedy
FBmselslathe

mou: nilade Electrical Measurements, Forest K. Harris, 1952, pp. 560-561
ofuen

The demagnetization procedure in general assures that saturation be
established by the magnetizing current which is then gradually reduced to zero,
using a current reversal or cycling process to ensure gradually diminishing
magnetizing forces. Demagnetization of a transformer can be accomplished in a
numpber of ways.

mumaunﬁamamummwaﬂwanmwﬂﬂ Ao fowhliudlaneuinlideunseua
ﬂimuuumamunimamﬂamwaumu,m mﬂuuﬂﬂam annseuaasauiugud dons
ndufimvesnszuavienseuaumsiouly deusn ma'lww'lmwtmtmmaﬂﬂam
gnaaveuatll msdaesnausindnves miewdasansavhlddialdwansuuams

If one circuit is open so that no counter mmf is set up, the core can be
saturated by sending current through the other winding. If the primary circuit is
open, alternating current may be sent through the secondary winding to perhaps
twice the rating and then gradually reduced to zero by inserting resistance in the
secondary circuit. A continuously adjustable rheostat may be used for this
purpose. ) . )

thuaaaniadaeg ililiiausuafounivindundu wnumdnanunsodusald
Tnsnstiounssuadrlumenainiivde dmsesgugiilney navuaaduonatiou
drlumsvaniayfioniild Gausiionngeisaenviivesitit udidsdes anandugud
ssmaunsnanuiiunuluasiuniend fenadenlianumumunuuyiudld
ogeraiiladlunsil

The transformer may also be demagnetized by passing enough alternating
current through the primary winding to first saturate the core and then gradually
reducing it to zero.

msaaesnIimanvemiiauUas mwuvmmmmiﬂauniuLtaaauwmmwmwa
suvaaIUgHYl el Funumdndusariou mﬂmﬂuuaaﬂauq anasauidugud

Or rated current may be passed through the primary with a large resistance
connected across the secondary terminals. This secondary resistance is then
reduced gradually to zero.

International Standard Series

c) Method 3. The method presented here
applies only to multi-ratio CTs, since a
controlled direct current must be passed
through a separate secondary section from
that connected to a fluxmeter, as shown in AAnavInuazay,
Figure 22. The method requires the core to be
saturated with dc in both positive and
negative directions, and then to be left in a
magnetic state midway between the two
extremes. The procedure follows:

s 3. Bmsfiesausluded Wity
‘WﬁaLL'UENfﬁwLLﬁLLUU’ANWﬁﬂE@ﬂT\ﬁ’JuLWﬂUU,

Luaamnnsuuamwmmmuuu siosluarinudiu
‘uawmmwmaﬂwLmﬂaanmnmwmavumu
Hldndfimes, mmamlusﬂw 22. Fnsiifed!  ase wasridndinesviolowosistusuaduiing
TRl nAnnsauRaen RS
LLanaﬂwaﬂaaﬂaaawmu
amavvmmeanmaanmamvmwnsmmaaﬂm
e, funoumsmadouidusii:

1) With the primary winding of the CT open-

A A v a
agfivaanlgugiivemdeuwlanssualnggas,
sedureaaInnisgiidifuunasinensyua

o1, Auandlugui 22.

2) Make certain there are no common
conductors in the dc and fluxmeter circuits.

avvaeuliiuladn Lufidnhsuszwinaumasdng
NITUANTIUAZINRSHANGTNDS.

circuited, connect the secondary section to a
dc source and a fluxmeter or operational  lusainauseatiuniin
integrator, as shown in Figure 22.

UN‘Wﬂaw‘l‘uﬂWsﬂauniuuﬁwmmwmmwﬁmu ‘Uiuuwum’mmuwwmﬂ‘lwy
ﬁaﬂiamﬂw%muw‘ﬂunﬁu uidsroe ammmmuwWmuwmanmuni”mmuﬂua

Of these methods of demagnetization, the first will probably be the most
convenient on the test bench because of the lower currents involved. The third
method may be useful for demagnetizing a transformer which cannot be
removed from service.

'Luuiim')ﬁmiamuawunuumaﬂW\mﬁ 3%’mmiﬂmmuammvaumnwamuulwm
Hdiitonmease mszinszuaiAedoriimh dwismsiaueaveiselon
dmsumsaaesunausiminuemiiauwlas Sdliannsaansenmnmistinuls
&eo

o minddesliiisnnawiminanddunnumdnvemifeutasnseua
zdsmanszny sensvhauvesmlionasedasls ?

nou: ilsde Electrical Measurements, Forest K. Harris, 1952, p. 560 8du1em

The presence of permanent magnetization in the core of a current transformer
may reduce its permeability at the flux densities at which it is normally operated
and thus increase both its ratio and its phase angle. Such permanent magnetiza-
tion may be removed and the transformer restored to its normal condition by
demagnetizing the transformer core.
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fOU: Mﬂaﬁa Instrument Transformers, B. Hague, 1936, pp. 125-126
(§r9Baandiaus C57.13-1968 fvatullagiu) euned

Fig. 53 shows the effect of such magnetization upon the ratio and phase-angle
of a 200/5, 40 volt-ampere transformer tested by Agnew and Pitch.* The increase
in ratio at full load is about 0.1 percent, but at 1/10 of full load is nearly 3
percent and in some instances may be much greater. The increase in phase-angle
is, as would be expected, even more marked than that in ratio. The effects are
greater as the secondary impedance becomes larger, whether as the result of
added inductance in the burden or of a rise in frequency, as the curves clearly
indicate. )

augUil 53 wanssansznuresnsind wakimaniifliednanduuazyiaves
MﬁaL;Uaani:LLa 200/5, 40 VA fanaaeulay Agnew Uag Pitch* maifiuduresdnsndru
souiifinssuainfiiniiussana 0.1% wineuiiwdedios 1/10 vesnssuadiufiinasiia
By 3% uasurensdlenannniiinn miwawaawL‘Wa‘nmwummsm’uaaamﬁaﬁu
anuammﬂwmﬂhamLm NaﬂimUﬂvmu1nmumuauwLtﬂummuwmnw}wu‘uu
Lihnsisufumuddeaiunsmnenmdiusuinung viensdamwiiam

N,

) £t
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*P. G. Agnew and T. T. Fitch, “The determination of the constants of
instrument transformers,” Bulletin of the Bureau of Standards, vol. 6, pp. 281-299
(1910). The American Standard Rules contain a specification for the permissible
change in ratio and phase-angle when a transformer has been magnetized by a
d.c. of full rated value.

dwilfuovorumanit Agnew Uag Pitch MIMAZBUNANTENUIBIE T
wiwnsendieuvanszua mwwmﬂLmv]mum7aawmﬂmamu7.uuawmmamu
e . .

idlannudAyuazsvsvaaouvesisnisi 1 i Wvileudunaendaus
€57.13-1968, 1978, 1993 uanfis 2008 avuil
aem ! ) B

nsiunsgudedui nssuaitoudildedlifunseuaiifmusevloudasinu
Wunstestuliinarufeuuunaiigiinnifuld susrmhlivnaninau
demeldt Fadudedeiuifioniuvasadusesgunsalnuuni
[ . )
o snuitnasgudmusliineaeuisnisi 1 senssuaiiiiese (enough current)
Ty nszuadananiiiUssanails ? B

mou: nilsde Instrument Transformers, B. Hague, 1936, p. 125 vanlinail

Alternatively, it is often more convenient, on account of the smaller currents
required for the purpose, to open the primary
and pass the demagnetizing current through the secondary, clecreasing it to zero
as before. A current of about 0.2-0.5 ampere has been shown by Engelhardt* to
be sufficient for satisfactory demagnetization

* V. Engelhardt, “Ueber den Eiduss der remanenten Magnetisierung auf die
Angaben von Stromwandlern und Uber deren Beseitigung,” Elektrotechnische
Zeitschrift, Vol. 41, pp. 647-650 (1920).

BRI nssuafiiioawe (enough current) lunsamedunausimandas
Fimsil UnfudaiiFuszan 0.2-0.5 A mﬁmﬁaamﬂLuawmuﬂumiwﬂaaumﬁ’éﬁuq
uaxmauJummmu‘uaqmswmaaummﬁu

wa‘lwnmuaaawmWimmuimmsnimu'luiﬂm 4 ‘uaammimuavuu WNUIINTENA
0.2-0.5 A Lagsiumiis Knee-point Tuda mmﬂmwmqmiaumwamnumangm
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Funaimssmadeuni3snisi 2 i Fosilundsironszuavualugjun Badunselil
wifowdasnszuadiifansuaugugiivuin 3000-4000 A ﬂqnﬂulﬂiﬂaﬂﬂ'lumqﬂgum .
muwﬂu’lmwmwuuumnun‘luwawgummi dlofeuiuTBmsi 1 wifiduisnsi
wanzaufunsdiiliaunsaaamifouwaeenanszuuiiioviimanaaoufeismsdug
&l o

2 ManadeUMEIsNET 2 § Mvifeulasnsviaeafesiiidnszuarouogudy
Fauddhifidgmriglounseuawnls uwililymogihnnudumu R luasesmeaeuil
msaudenidauvinlsIsazimunzen ?

mou: wilsde Manual of Instrument Transformers, Cat. GET-97D, General Electric,
1976, p. 47 wuzihlin

To remove this bias, the flux density should be raised to saturation and
gradually reduced to zero. This can be accomplished by inserting suitable
resistance in the secondary circuit and reducing it to zero in small steps while
current is flowing in the primary. The amount of resistancc which is neccssary is
not always the same, but a 50-Ohm rheostat will be satisfactory for most
transformers if rated current at 60 Hz flows in the primary. Some transformers will
requ\re more resistance.

- neau mwumuvﬂuﬁl‘ij‘lmwL\Jumwuauﬂuwnmﬂd
%&mwumyvnu‘wwyﬁvauﬂwuaLLUaamu'le'luin 60 Hz 9wdiAUszana 50-Ohm
(fGuriadiu) Viineudasuionnasfesmannuiumiugeniil
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Hot spot

J0gcuknilu GCB (Generator Circuit Breakers)
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Richard Thomas and Hans Matses, “Enhancing grid
reliability — The evolution of air-insulated switchgear
and components”, ABB Review Special Report
(High-voltage products), page 16-19
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Medium Voltage Series

VisiVolt™
Passive Voltage
Indicator

1793 waristha.deejing@th.abb.com

Medium Voltage Products Series aUuilisae:tniaua Passive indicator duaaianiuzniusiautuini
awisolduaaraniuzvaigunsaiarslwiriiuiabns:ualwinlkawuksely 13ldfs:auusiau 3 KV - 36 kV.

ABB’s VisiVolt™ @uaaraniunusiquliibourans=nasa dadritg wurzAunsidaufionislutazniguanainis

&msus:uuus aulWiUunaTy uianssulildinalulad liquid-crystal Tasludnislgaesaiannsatinduaziidosns

ukars1elwialan rirlkgunsaiiiadwudausanuniu VisiVolt desuaaiwasuralkey 8 ulddlunnaniwuas

druduaradonieluararsivaudnardudsnduarin

Key product features

- Wamiuanduuvamslussudliiniidesns
gsmasunszualiiilnoiilideddgunsaiiatalag

- sedunsauiild 3 kv - 36 kv

- wansdauzuswulwihnasntasnisldnuves
S¥UU

- amnslfenlitengluoimsuaznands

- Waulddluynaninuas

- AuAINTAU 18NS LY

- lidsndudesiimstigednw  iesanni
gunsalliflundsdngln

~ §resiomsiinds

- enunsadadslaadauns, sailriinaiiiuas
laiflawiusiu (unshielded conductors, insulated
conductors) NIUIA

Functions

nsAIdaUanUvaseRU Wi
Flivuannsonsvasuaniuzvesusadulviild
Tnglidedldgunsaiiiadalaglunisnssasy
anuzussiulain  uazdiedenisnsaawuam
unwIea (fault)

uanmaanuzisuliniud - ngavesssuuil
fn fault  Teensldeuwes Visivolt vilinsi
wu fault Thdeuaziaiu

Aerdunsifeuiaiu
ylinsufiinu  waznsguainuivesszuud
audaendenigedy  deuddifuifuvesiouans
anuriazdasnivandunsievesusaulii
PP . 5
uazmaiieuiiazviligldnulasasde Tadn
- & o P 0 v oa wa
weutianunsntesiugldonuldiiiAng ifveg
uazdostunisagdeailitnennmansznumg
Busie
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Specification & dimensions

VisiVolt type W-A VV-B
Nominal voltage (Un) K 80-60" 13.8 + 36.0
lominal voltage (Un) .8 + 36.
9 v 6.0+ 15.0
S-phase Rated voltage, max. V] 36+ 17.57 17,5+ 40.5”
system
Threshold voltage > 0.6 kV >1.5kV
(p-g and p-p)? ¥ <45% Un <45% Un
Nominal voltage V] 48280 8.0+ 200
ey .8 + 8. .0 + 20.
1-phase (Unp-g
fine Threshold voltage >1.0kV >1.5kV
(P-g <78% Un <78% Un
Non insulated (bare) metal bars and conductors;
Application range insulated circular-section conductors with maximal
insulation thickness 3 mm.
Nominal frequency [Hz] 50 - 60
< 1 at temperature —20°C
Response time [S] and above
< 3 at temperature -30°C
< 10 at temperature —40°C
Short-time (symmetrical)
withstand current (1s)” [kA] 63
Peak withstand current® [KA] 164
Operation temperature range [°C] -40 + +85
Physical dimensions [mm] H: 92 x W: 63 x D: 38
Net weight [a] 109
Allowable clearances
Rating Power frequency Impulse Recommended
withstand voltage withstand voltage minimum
50 Hz 1 min* 1,2/50 ps* clearances*
IEC i ANSI IEC | ANSI IEC | ANSI | Tmin | Smin
[kV] r.m.s. value [kV] peak value [mm]
36 10 40 100
7.2 4.8 20 19 60 120
12.0 28 75 140
8.3
17.5 38 95 160
15.5 :
24.0 50 95 H 110 210
24.0 50 60 125 230
27.0
70 150 320
145 290
36.0 0T T T S
170 330
80 165 150 320
40.5 38.0 : :
80 : 95 190 360 i 400
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findadiruunvesszozszing Pole
nssualuliing Visivolt nuldasldnuitssyly
whify

*sygeszndtnanazans Ul g fauans
a0y Visvolt nuildiviiu warlsianansounuil
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Medium Voltage Series

Allowable pole distances

Nominal Maximum
voltage Un allowed
(P-p) pole
distance

T max

kvl [mm]
3.0+33 110
416 + 4.8 135
6.0+6.9 400
=83 without limit

1. Pilot installation on ENION S.A distribution station, Krakow, Poland |
2. Status — voltage on | 3. Status - voltage off.

fuanEnuzITULUY  Passive  uansdnusussiulidudinosituualividy  wasiuans
anuziiolivansamuznsdiliiusaiuliih  deliulvhssuuduldiussiulnitmasvdootuas
Uaendudonisduia  nsmedeuTsnislinunazmnnaensldsuniseuiinusnsguiifisades
wartumeumlasnbasdoniudnouiiaziinsdniidag wemslinuivgunsalineg nsldau
visivolt Tusguudmiuie  finlsdieiusesaniesufiinsszivaina dusuunaskdnduaiiiseses
Gw”mamamuxﬁgmjmauamalﬁ% “PVI” uay “PassVI”

Operation

Visivolt  azuansaauzvesusssulniilaauans
navuvthveuansavuialvg  Megugneasien
wunthee LCD nsusives Visivolt w‘ﬁuagjﬁu
aailvesausliiinlagsevvosiahluiniivia
ms@nia Visivolt asly

Tusvuu 3 wla Visivolt annsausiannugita
usaiulndln Phase-Phase waz Phase-Ground
Tuspuu 1 old Visivolt azteianugussulyidh
Phase-Ground

Visivolt annsauansanuzvoaussiuluih e
usssulihdusinasnanimiewintiu 45% ves
msifuuswiuliiilussuy 3 wa vie 78%
gaensidauussiulniluszuy 1wl (s
T dulumunsgu EC-61958  waw
IEC-61243)

Visivolt & 2 Ussian e W-A way W-B Al
dmsuasstiausasiuliin

fhuansanuy Visivolt 10U passive device
DI v

anysaiuuy vhonlalaglindanuanaulin

Tngsausvewinhluih 7 Visivolt findsey uaz

lidoainsthsednw
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., Py tPM?
1+ =

P*:n
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Reliablility for power factor
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