AIUNVINEMNIDO DN ..., il .4
T3 AT T AN K &ﬁ!!‘amﬂiol‘\f”ad\qm
HO¥STNANG 2 AU AT30] 45 48 «F:Cl';;z B

Unrsfinun 2543

msanmaIndmnudsuniiieanndufivl szgluszuyvvh

A Study of Switching Transients due to Capacitors in Power Systems

’T042606

Tags
wealgnad  gnames

s v way v d
nenns UyiAunIaY

TREATE Yytiae
17 v‘"","‘ B iisssieinsuicesRisE NG RRRRRRIN i .
(B 4 ,2 8 Oi)m | Ossnnanitinisimisnnns

o/ @ /r j ‘
a1 4 2 g eramsimmiraest
334y 180, U T L | v
2101587130
w d <
Wel. 995DH YL

LY [v) d
A9, DTHUUNIUU AUINT



Y ganiinusiimsfinui 2543
Mairns sy lu
auzdemnssumeas aonfuma Tuladnszsoundudnunmisaianseils

G MsfAnuedasmauFsuiidesnndudulszluszun Wi

1 wwalgney  gyunes
2. wwidns  dgyajAunianl

LUENTR  YYHae

Sl (R
219158N15nEN
(met. 9933 1ayda)
Dypiwoont ! s
g, 81915805

(@3. aniinYand  qang)



pisAnaInFamsudsiiisanndauful seluszuulnih

wesigney  guNea

wwfins Fogfaunial
WHNTA 1gMae
v d < sl
WL 9sny  yudis e191sdnlSomn

as o J P
A3, IUUNWUU AUINT E]'I%’liﬂ‘ﬂﬂ?ﬂ‘tn

Ymsdnui 2543

UNAREID
a a d @ ; a = e =Y s A o o
1Jssgtymwumuuuvf]umsﬁﬂmmsmﬂmﬂmmmwwmummﬂmmn'ﬂizfﬂu
szuu Ifhuaemansenunnmsduanhdiaes Taoldlisunsy ATP wag ATPDraw Tums
3 a =) - e, I ). a ; e
mamLmzamswﬁﬂ31ﬂgmm‘fmammmmmmmuﬁmnmulwmzﬂmﬂwmai’mtmmam
Y nycv ac =1 's
Wsgvy uazudasnaonuluglveansv HBNINTITIRAEIITMTAANI UIBEUR RIS

o a o a A Yy a a g 3 a
Fuath@mes lunaimungaums IHimsifan udsuidosnga



A Study of Switching Transients due to Capacitors in Power Systems

Nutthapong Utumtong

Teepakom Bunyatnoparat

Pichit Boonlo

Asst. Prof. Chongrak Bunseng Adviser
Dr. Anantawat Kunakomn Adviser
2000

ABST T

The purpose of this thesis is to study the switching transients due to the operation of
capacitors in a power system. The ATP (Alternative Transients Program) and ATPDraw are used
as a tool to simulate and analyse the switching transients when the capacitors are energized. In
addition , the thesis also presents a study on methods used to limit overvoltages and inrush
currents caused by switching transients. The detail and the analysis of the methods proposed are
also illustrated.
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Tuszuu Tifhanudunudnssiidnieadedoufuanumiisniuazaruiy
32y ﬁnfu'mﬂumaﬂfjﬁ'aﬂ:sﬂuﬂiﬁi R<2JL/IC visuuumizana aansamaunis
ypanseualann

, di 1¢. ,
iR + L;t— + E_“Idt +Eq = E, sin(ax +6)



15

N

w1 i) =1, sin(wt + 6 —p)+e ™ (Acosw,t + Bsinw,t)
Tagit E_ dlusigeganiomfinueussfuundainy

1.~ En

VR +(X, - X.)

¢ = arctar{ﬁ.:ic_J
R

w, =\Jo -6°
> - N
2| WER

A=-1_sin(@-¢)
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A
Unn3

Tsunsy ATP uag ATPDraw

3.1 llsunsy ATP

ATP (Alternative Transients Program) ifuniielu worTaIh 19 F e aunInate
dmumsinneilnngmssmsudouimanimin i (elecromagnetic transients) Tuszuy
Ifhids uazgniannesdeiiteanannnd 20 3 Tasawsauileves Canada/American
EMTP User Group Tae Dr. W. Scott Meyer tiag Tsu-huei Liu

Talsunsy ATP sz nnadausivhauloluszun Iwihddafegluilsiduvesnan
aansalfau1@ieluan1izedia (steady state) ungenmzns iGous (ransients)

ATP Uszneudreglnsavmeyila wu wissinsnalvifvp (rotating machine)
nitoudaslndh (transformer) fudnAIF (surge arrester) #1099 (tranmission line) Llazee
il (cable line) TuTlsunsuitamnsaiasslnserdawy imesavesszuuiidudould
wenntufannsoinsedszuuniugy gunsallufddonseding uazginseldf
Snwuz laiEhuSedu (non-linear characteristic) 14 81357 (arc) 1A 1311 (corona) sauaRfn
Undtsuuuaunasuas aunas wu Wead (fault) Rk (ightning)

Yagiiu ATP 1lsznoudedinilsznoudie 9 Sl

Uncoupled and coupled , lumped element

Transmission lines and cables with distributed and frequency-dependent parameters

Element with non-linearities : transformers including saturation and hyteresis , surge
arrester , arcs

Ordinary switches , time dependent and voltage dependent switches , statistical switching
valve (diodes and thyristors)

3-phase synchronous machine , universal machine

MODELS and TACS (Transient Analysis of Control System)

wuudtans (MODELS) Tu ATP Hénwue laoialficivenudaogaveniesion
1%¥Tums $1aee way 1 lumsinszuniilildusawnm Fidmnsedmuauuudinesld
SdnuazveszuLfinuguld wazdaulszaeudu q veesesdadeiuTusunsuniouyy
§1a0edu q ves ATP 14 wuuassiiuniesiiefannsn g miunszuumsiianeaees

A a > o . o~y . .
Fatwana luveuwan B (frequency domain) M58YDLLUALINT (time domain)
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3.2 MeBinadenulisunsu ATPDraw

ATPDraw luTisunsunsfladmsuldomuuszvudfidansiulad (windows)
Hudufiansdauanslaoduiildond (mouse) malu ATP Fuuneidunilaves
Electromagnetic Transients Program (EMTP)

ATPDraw szsavTumseesnuuuuazudluiuuinesssuuniodontlnih woldlu
M3 a0 (simulate) T Tlsunsuiiglgansaathnesms i Tasimuadaulszneuda
nndufiGendi extensive palette uder31a IWddUNNYBY ATP nnuimuade Tua (node)
c’?avﬁ"’l%’%wﬁ‘lu%zﬁaagﬁmﬁaﬁwﬁmuﬂiwuﬂ

ATPDraw ﬁdmﬂszﬂaummgmﬁwuﬂ 70 $u wag 27 TACS Favlinsadae
wuuSapeioR Hauan 1 e wae 3 wler venvniidernnsarimihieasesenmlsg e
Woufuvay 9 2993 aunsadaaendeyasznitnnsld uasfediszmnddeiiidudly

U copy/paste , rotate , import/export , group/ungroup , undo It print

Y o v
3.3 nvhenaanuiulsaulilsunsu ATPDraw
= [ [ b 4 v A o ) @ A
ATPDraw fydwgydmiuldaed Ao wyndn (main menu) uazmydmivmen
gulnsad (component selection menu) uazdinthreidhigaeied Ao MNANNGD (main
windows) wag nihaeimuas1vesgilasal (component dialog box)
3.3.1 Hiheenan (main windows)
) o a wva a J A Y oa o o
ATPDraw dwfuszuuifiiamsiuled sslimhiindrefuaed (DOS) wydwmiy
A o v . v A a Ag A Y v
AengUnsalszgaaoull uazalsingiuiifindnduanvesandlufuiieemiegees
ATPDraw @15a58s5uMans « wnasuazannsaidlihemlunates q 2eesldlaems
[Y 9/ ] 9 1 a 1 g ad d
fanondeyaszniinesdlasazain vuaveenihiA1999swwlivnaunnAI TR UMY
it . ,
nnve Fezdouldiiuld lasmsldalnsany (scroll bar) yoaumazmirAeees
3.3.2 nihamvuan1vesglnsal (component dialog box)
(Y A [ A 4 s . . » :
ndanndendudsznouluwydenginsal laegilniniueaees (circuit object) 92
¥ v £ v Yy A a J { A o
Ysnglussunansvemthainees Fdeuseuifutimasy adnunduudmdouienmua
A 9 b 4 A a A A A A t o a dt A
msnasuthedienman lnenieadnuruNenyu disdoniiee livhimsla q adnihane
' ) v o ' & a o/ ny a
negilnsel wihdwdmiudmuasvesginsel winngileadnunmioduiliandn (double

click) vugUnIninwd?

42606
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3.4 3En 1919 Usunu
3.4.1 vivenaveslysunsu ATPDraw

& ; P v v d
deodg Tsunsu ATPdraw udaezalsingniheeil dauilszneudAgasil
g A 4
upUWIITOA (title bar) uerasio d

WOUIIY (menu bar) 3315 IUATPDraw
4
—  UAUINTBIND (toolbar)

: ;‘J.TP la - [N oe adp]

RPN

A A A 1
AUNIANN agdendiulseney

91/ 3.1 uamanthdrsnanyes Tsunsy ATPDraw
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3.4.2 A15NANNI05 1M ATPDraw
v v
lumsfraeeaees i lae 19 115unsy ATPDraw Hudsasunnmsadnees Ifhvse
. o o )
wuudaeamis IMthvundeuTaomstidunoudsil
1. denuny File>New

a g o A o A 4
2. adnynuuRuRNanwieSonlduytengilnsal

51 3.2 uamsungdenginsal

& Ay 5 & da 4 a
3. Laenmuﬂizﬂammmmﬂﬁmﬂwu mﬂuuﬂzﬂﬂﬂgd’mﬂszﬂanwmaﬂmmmmaﬂma
-4 H \ ] v Al v é 1 =)
YDINUNNAMN WU donuvasne Wi nseuarady matsnﬁmsanumﬂ?ﬁﬂuwﬁmwm

v
dulsenoutiuld Tasmsadanun

-

11/ 3.3 uerasdydnuaivesgilnisidiedefiden
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4. ¥Fdnlszneuidendediuiees Ifmuidesns

= Al & 2
;ﬂw 3.4 LEaaNN 95 i dedenadeau

5. 1o ldeesudusicunsadmuasnsliwesdn 9 vesdudsznauudaziald lag
- o A’ a o=i v Qr u’ & N o ..
adnvnmsesudandniiduszneudniudesnagrideimussivesginsel

Component. ACIPH

: ‘ Ni%

111 3.5 uameanheiefmuasivesglnsel
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d’l [} a : o a A
6. eldessudusininsasmun Inuauazfadans i (ground 14 lasmsaanunilvua

o w A & 4 a o
wdrnzdlsingasndmiutlouse Inua Tageeiiliidondsyoniodndens1and

PRt 9 1 ° & a Q’I’ 4
317 3.6 uapamihanimuaye InuauasaAfINI 13U

A4 yy = 3 y d; ) & a ) &
7. ieldresiauysaimudosnisiiimsiiuiin (save) laodeniiuy File>save 1139 save as
A4 9 - ) g o Lo
WedvsmsnudoyanuHuAdn
8. lumsimszdwanmsiiihdesunlaneessnnmss WegluglvesIndrouTaens
d - &4 i v i 4
[@ondiny ATP>Make File... #avziideyanoaiulnanassiulaeg 14 nadonuy
ATP>Edit ATP-file
a o ¥ ° v a9y a P v v A
9. lumsTmsginessiezdesimuagisnainassmsnsgrnegiugaiailanie

wiuus lnu Taensidonimy ATP>Setting... 9z1ls1ngatsietliouaiaifdesnis

ATPSellings e Sasssai pogl

519 3.7 uemamhasdmuasisana lumsinsgd
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10. iedesmsihimsdinsedidoniiong ATP>run ATP

1. Wemmsiianeisiad sudausrensaguantsns e ugns w18 Taensidendi
Yy ATP>mn PCPlot S19zilsinguiidrevesramsinszilugnem Taosiannse
@eniezldilsingranimves Tnualanse Insurope) la

£ casel pld [Watcom)

Select Cuives 08 Mar (11 1910 36

319 3.8 uermsmihaauerasna lugalns

3.43 davilszneuiivmlél ATPDraw
semsdtlszneu lundied
Standard Component
Linear branches
Resistor , Inductor , Capacitor , RLC ,RLC 3- phase , symmetric and non symmetric
Non-linear branches
Current dependent resistor , type 99
Current dependent inductor , type 98 and 93
Time dependent resistor , type 97
Current dependent exponential resistor , type 92 (1 and 3 phase) ARRDAT fitting
included

TACS controlled resistor
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Nonlin Llump Ldistr Switches Sources Machines Trafos Models TACS Devices
W%@@J*‘Hl—‘*@'ﬁﬁ@ I o

%%ﬁﬂ-
@ :ﬁ:ﬂ
£ JE

U7 3.9 uaadauilszneufina 1 lu ATPDraw

Line models
RLC line-equivalent 1 , 2 and 3 phase
RL couple 2, 3 and 6 phase
RL symmetric , sequence input 1,2, 3, 6 and 9 phase
Switches
Time controlled 1 and 3 phase
Voltage controlled
Diode type 11
Valve type 11
TACS switch type 13
Measuring

Double TACS switch type 12
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Statistic independent

Systematic independent

DC type 11

Ramp type 12

Two slope ramp type 13

AC 1 and 3 phase type 14

Double exponential source type 15
Heidler source type 15

TACS source type 60

Underground DC source type 11 + 18
Underground AC source type 14 + 18

Machines

Synchronous machine type 59 with maximum 8 TACS control variables
Universal machine , Manual and automatic initialization

Induction machine type 3

DC machine type 8

Synchronous machine type 1

Transformer

TACS

Single phase ideal type 18 source

Single phase with saturation

Saturable transformer 3 phase. Coupling: D/D , Y/Y , D/Y , Y/D , Y/Y/D . Saturation
calculation from RMS values included

Transformer 3 phase, 3 leg type. Coupling Y/Y . preprocessing of standard measurement
data

A lumsthe Ges) inse lifimséfia

Source DC AC PULSE RAMP EMTP node voltage
FORTTRAN statement. 1-phase . Single line statement
Devices. Type 50-54 and 58-66. Initial condition
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User specified objects
v
gldeunseadsduisenouimilu ATPDraw udadiudseneumaniuegnideu
TuIWdves ATP Tngns1d Data Base Modulation
Fretramaiiezgnsaudh e
- 6 phase thyristor bridge with control
- 3 phase J-Marti overhead line
- Transformer modeling using BCTRAN
- Hysteresis induction
Overhead line (PCH) object
AAaTiYBY Line/Cable 93gnwefium (format) o618 Tusia
- 1-9 phase distributed , constant parameter transmission line
- 1-9 phase equivalent PI-circuit
- 1-9 phase frequency dependent J-marti line model
MODELS

s ldupuiaemie luaaaunsaldldlu ATPDaw Aldamnsamulunavenuy

Wl Tdsunsula
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UNN 4

msnaaeulilsunsyu ATP uag ATPDraw

Tilsunsy ATP fanwawsalumsimsizvuaz@ounuussuudn 9 melndihld
[ s (] ' Jd. « A4 A EY [ [ : <2 9 o
uatsdalanswd Idsuasuiilinnuiindetounndesun Inu daiuwsitedesiinisnaaey
muaveamsaneiuaz@eunuuveslsunsy Taeld ATPDraw adresuvusrassveaises
o s/ $ \ { &
auyaduazinszddiolsunsy ATP udumBSsudioutuwan ldnnundadeyaiiyedeld
v ¥ ]

Tuntl sznSsudsudunai ldnnmsiase lneldldsuasu PSpice luunanumedsnis
994 Electric Power Systems Research 901599 “Transient analysis of capacitance switching

for industrial power system by PSpice” Toe Chang — Chou Hwang , J.N.Lou. [3]

4.1 Tunsuvaan1snaaavlysunsuy

o @ \ 1 H &
thszuy IWihuagaeesdedannnundsdeyangeds 1a

[

a yy L= s 9/ ) o s
NI VI(I‘}MENL"‘:L‘IU’N 97 mmnuuaﬂwwmmmm gInu

I a J
Wisuouranms sz

»>owow

o ! ~ A 7
yasagln lsunsulianudeie lhumiseud nu

[y d
4.2 nsaumihFmesuu back — to - back
1995152 nRURILMAIT BT S UIUIR 230 KV 60 Hz dofiuan@mesuuedaeddi
a o o s é P=1 s & ] o P~ 9 a o o
smhFeesunssdmiidivng 150 MVA gaduiedondesuiSsuiosud uazamhiinesiien

hd o W s A \J e o o W _ 1
Bnfung 120 MvA Mdsezgaduidienowdsenldfussuy vhnsduadadinm 4.2

=Y aa =3
YaaIum
-J
=3} / Z0=350Q
—@D———E Z0=350Q
R L;
SOURCE 230KV
L=10md!
<
Sy { S,

319 4.1 uerA3 one — line — diagram Y45 UY
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' SOURCE 10n o
Y\ —AA— Y /AN

@ 7.52qu:§ 175Q 6.02pF =

T

51 4.2 uermaasaseruyadlaglFlilsunsy PSpice

—b6.02uF

5107 4.3 uaaarseseuyad laold Tisunsy ATPDraw
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{ o JIBAR, 240 .MGEK H
T a2 = 13.260m, -19%, 010 i
e dife ~7.9555m, N37.KSOK H
i l : :
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: :
-288.KU 7 T T : :
; .
! )
D et ateed B e e TIPS T LR S R e e Lt
SRS 18as 15as 20ns 25ms 2¢m
{BjU(R2:2)
Time

717 4.4 uermansuBaus s UNS UTBUIT lugIIM 4.167 D 29.167 Tad i

Taoms 19 11)51n3u PSpice Insgina

| I | I [
b 10 15 20 25 tmg]

1:A

917 4.5 uansnsvsns suns UV lugaeam 4.167 69 29.167 TadIui

Taons 19 1sunsy ATP Az vina
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1 L}
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. L}
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\ 1
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1
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| :

1 ]

1 1

) ]

1 [

1 L}
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. 1

. L)
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1] .
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1] *

L] 1

108.%u4- i

4 1

. ]

L] .

. )

T Ll

12 )

v 1]

v 5

ladd X

. *

H . - :

; a -3 ¢

| At = &5 L « 4N 0K .

K« ‘A2 = N.2B%IA, S3.17K :

P gif= 1.8001R, 1P0_243K !

'u.l._.:. ............ e D B i e AT e AN — e —-———— o mmm———e—svrwrmasan ,...4‘

&, 164705 S .0000ms &.Rpabens 7 .8it0ins 8 .D800ws
{8)UgR2:2)
Tine

71l 4.6 uermsnswlyeaussunsudousi lusieam 4.167 fle 8.167 indund

Taens 19115130 PSpice InT1E NG

[K]
200
1,
160
100~
50—
C R | | | | ] [ ]
_ 45 o 55 6.0 65 70 15 t[ms]
A

51l 4.7 uermsnsmlvesussunsuBousi lusiena 4.167 84 8.167 Tad i

Taons 1 lisunsy ATP Amsizina
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e - A B B ® 8w e . = . —— e - - -~ -

200.KY

srmmmmcasdnsnssdnuneneanasy

e e mccccsccstreammrasmeenasammbs AN s an e et

.
1
b
190.K0 4
H
L}
.
:
H
1
1
)
L}
1
]
1]
]
L}
1
!
L s et LR R IR DL RS Al R bR b it
4.2ns &.kns N.bmS N Ans 5.6nr5 5.2ns
o U(R2:2)

Time

71/% 4.8 uerasns YD WUNTUBIUT TUFeIM 4.167 B9 5.167 Tad U

Taoms141sunsu PSpice Tinsizina

(K]
200
150
100
50—
0= [ | [ I
42 44 46 48 50  t[ms

1B

717 4.9 uaasnsmvssus U o lugasnat 4.167 89 5.167 Aadaud

Taoms 19 Tisunsu ATP A1z vina
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AUIUNIAANVD OO TAFADTU

I 1
f= ot =13.76 Hz
27 [LC,,  27,[(40x107°)3.34x107)
Talsunsy PSpice | Tulsunsy ATP [91MsfuIN
YUIALIIAUTIYA (kV) 243.44 243.92
anuteeadamdu (kHz) 14.286 13.88 13.76

a3197 4.1 WSsuifonvinausugigauaza N tee aTaRdY

4.3 msdumhFmeSuuenuuuvNY 5§10
299315z neudIeuMAsousuRTaE 60 Hz AoegiuahFimesuueddgnuaie
ponidiy 5 @iy wazlirnsfimesd q &t
niotas TWH
114kV /220 V,500kVA ,60Hz, Y/A, X=28% ,R=1.15%
ANUATUNTU VDU AT IWUTINY
Rs=1.1132mQ
arumilenhve s ous Wy
Ls=9.1073 pH
fnnumilenhusa
Lm2 = Lm3 = Lm4 = Lm5 = 0.1385 pH
e hFimesindudasdn
Cl1=C2=C3=C4=C5=1.0961 mF
ANuAUMUYBImEANLaZIwes Nals ALY
R1=R2=R3=R4=R5=1.058 mQ2
anumileniesiivestedniuazises iawsanes
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| ahdwmes U3 9AU peak (T17a) AL peak (BULLT)
MR a30d | Resistance | lasuon | adad | Resistance | 'lasuen
FITUAT switching FITUA switching

1 259.93 183.49 190.82 1336.1 273.77 142.79
2 231.06 182.71 181.52 1411.5 267.35 128.82
3 212.31 185.56 185.57 1504.4 268.60 121.59
4 - 213.22 183.94 186.02 1489.1 264.22 124.17
5 198.36 188.97 188.84 1574.5 278.45 203.63

15197 6.1 WSsumsuvInaus sRugIRaLanITIagege WoduahFine idae3s

resistance switching agA2eM15 19 1n3 ena s AoiLY back-to-back N33 i lasuan

1 Y] a o Y Yy . % &
VINNANTINATDY WUMN msaumﬂwmasumﬂﬂwmﬂanﬁ resistance switching
aunsnannszuans WFIUA IHmaelszinm 16 % - 18% vewwuAnszugega uazmMIFy
miFnesuued ludrnaimungaudaens 19 s awoSeouuy back-toback ielasuen
aunsaaanszuans @A Idmaeyszum 9 % - 12 % vesnnanseudgaga
Wl Idh Fosduahiesfuusdlusmafivunzandems1d i aneSaeuuy
back-to-back welasuen uazdimsduandinesunedaaen1sld resistance switching
a A ~ g ' 1t ) a s Iy Y
AT 0AAAINTINTIUToUN Il uedaann  uadsnsdunhdmesuussdislasuenels
o & ‘s' a L 1 1
anyuzvesgUaaunssuailivinavesmsoondanationiuadhganiizedf (steady state)

vy 1
1859
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