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This thesis involves capacitor bank design in high voltage systems, i.e. kV levels with
capacity of MVAr. The capaciter is designed based on normal operating conditions considering
unbalance conditions due to faults in the €apacitor. A computer program has been develop for
designing capacitor banks of several types including externally fused, internally fused and
fuseless type. In addition, the developed program takes into account several types of
arrangements and connéctions, é.g. single grounded wye, single ungrounded wye, split grounded
wye, split ungrounded wye and H — bridge.

The program not only provides us the capacitor bank designing tool but also information

for suitable set up of protective devices.
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(terminal — to — terminal ) of phases
216 5,7 1/2,13 1/3,20 and 25 1 and 3 30%*
240 2.5,5,71/2,10, 15, 20, 25 1 and 3 30%*
and 50
480, 600 5, 10, 15, 20, 25, 35, 50, 60 1 and 3 30%*
and 100
2400 50, 100, 150, 200, 300 and 1 and 3 75,95, 125, 150 and
400 200
2770 50, 100, 150, 200, 300, 400 1 and 3 75,95, 125, 150 and
and 500 200
4160, 4800 50, 100, 150, 200, 300, 1 and 3 75,95, 125, 150 and

400, 500, 600, 700 and 800

200

6640, 7200, 7620, 7960,
8320, 9540, 9960, 11400,

12470, 13280, 13800, 14400

50, 100, 150, 200, 300,
400, 500, 600, 700 and 800

95, 125, 150 and 200

15125 50, 100, 150, 200, 300, 1 125, 150 and 200
400,500, 600, 700 -and 800
19920 100, 150, 200, 300, 400, 1 125, 150 and 200

500, 600, 700 and 800

20800, 21600, 22800, 23800,
24940

100, 150, 200, 300, 400,
500,600, 700 and 800

150 and 200

*See 7.7 in [1]

**Not applicable to indoor ratings.
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Mounting arrangement Ambient air temperature — °C

4 —h average*

Isolated capacitor 46
Single row of capacitors 46
Multiple rows and tiers of capacitors 40
Metal — enclosed or — housed equipment 40

*The arithmetic average of the four consecutive highest hourly readings during the hottest day

expected at that location.
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2) Gljﬂﬁﬁlﬂﬂﬂixmmu Internally fused
o S = = Qa:
® Internally fused 1411 Split wye equal legs Muualvuawiitlu DI uasltuaoums
o d'
pONULVAITUN 4.4
k4 H
®  Internally fused (411 Split wye unequal legs uﬁi’l’umumiaaﬂuuumﬁaugﬂm 4.4

Y v
" Internally fused U1 Single wye HUUABUMTOBNUUIHOUUN 4.4
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1 v I @ { Y Y 1o 1

dugadunulszquuy  Fuseless agldnuszunntiszauusaauhidindt 345 kv
11199970 [2] @Az String AI5581UIU Elements 110071 10 AaAvoynsuny iletlosiuusaiu
a ! v < Ao A v A a o = ' =
N 110% ANATeNAINDYTEYNTInUnT00EIe 1 Element 1NAN136A2995 99 lmunz oz

HanlFauluszauusadudmiing

Start DE1

Input : Vs, AVs, Qs, Ach, Qcr_min ‘

Set S = 1 and kept results (KR) =0

v

Defined Pa_min from table 3 and set Pa =Pa_min

Show all results if KR =1
Show no result if KR =0

End or Restart

JU7 4.1 urUUNTOONILY Externally fused 1111 Split wye equal legs N3EAUUTIAUTIHUY




Start DE2

Input : Vs, AVS, Qs, Ach, Qcr_min

SetS=1, kept results (KR) =0 andii =1

v

Defined Pa_min from table 3 and set Pa =Pa_min

ii=

71

=
N

AO
(I-—)Qu SQ S+
1

Cr

Show all results if KR =1
Show no result if KR =0

4.2 Lmugﬁmsaammu Externally fused (411 Split wye unequal legs

[

NILAVUTIA U

28
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Start DE3

Input : Vs, AVS, Qs, Ach, Qcr_min ‘
v

Set S = 1 and kept results (KR) =0

v

Defined Pt _min from table 3 and set Pt = Pt min

AQ AQ
(1-— Qg SQ S+ —
100 1

<y < AV,
al — Vcr = (I )Vca
100

(]

Show all results if KR =1
Show no result if KR =0

319 4.3 unugiin1300NLUY Externally fused U1 Single wye NIzALILTIAUT MUY




30

:/l Aa v I { @ @
ﬂluﬁﬂuﬂ15‘1/‘|i]'l§i1!1ﬂ1§ﬂﬁ]ﬂ!tﬂﬂﬂgﬂ§l?!ﬂ‘ﬂﬂi$€QLL°U‘]J Externally fused ﬁiz@mmmu
DRIATRY]
v oA 9 v A J .
1) A3AUAINFIIADINITODNLULYAA ANV T INUNTABLLY Split wye equal legs,
Split wye unequal legs H30 Single wye

o 1 @ 1 v 1 [
2) mmmﬁ”mumﬂumﬂmamamuﬂizmmazm: Vcal

VS
Vcal = \/7 (41)
Sx/3
A Ao usssu llihaesszuu (kv)
A o U Y A ]
S Ao SwaungueRnINYEIR NYTZINAB YU IUNY

= v d

v Y i1
nstlgadunUsEgRiimsaeuny Split wye 1200ALUIANIZ S = 1 MU 11103910

Q

D.

o 1 o v {1 @ ' J '
[3] uuzai 1A s = 2 Swaudunulszynasvuunulu 1 ngueynsuveuaazu Tuuday

] o 1 1 1 v ] @ 4
manadsegiiednios 761 ervnan laiuaazilaalsasiidunuilszyediios 14 @1 1ive

o

o @ 1 v Ao 1 19 Y a A o & o
ﬂWﬂﬂLLi\iﬂuﬁﬂﬂﬁ@llﬁ’)!.ﬂ’ﬂﬂiﬁi}ﬂﬂ\?ﬂ\‘iﬂghlilclﬁmu 110% LiJ’E)G]’JLﬂ“]J‘l]i%ﬂQ 1 drgnilanesn m

U

o w A v < i o o 1 1 o w
1dvuatasiueniivvesaunuilszgn ldanmsdiuimiinegliaiesnvuiaiiasuen

Ao v 091} o A { a o 9 1 Yo
ilwnavesdunulszyrudinseylu 1] uazilinaavie Taena 1y daudiezamnsalde

Y [
% v o

< Adaow o ~ ~ Yy 139 Yo & 2 o &£ '
ﬂﬂﬂ‘igﬂ‘HNWﬂﬂﬂ1 Qi!L’E]ﬂWV\IGUuGHVlﬂ Lmﬂ@]ﬁ]\‘lﬂﬁ1%@3Lﬂﬂﬂi$ﬂlﬂu%1u’3uh1ﬂ FIVTTAINA

o—

@

Y < = ' Y dy A a c?/‘ ' ~
Gl.‘l"i“];@ 'JLﬂ’iJTJﬁZﬂiJﬁ']ﬂHLW\?ﬂ'J']LLagﬂﬂ\?ﬂ’]iWHVIGL‘Hﬂ'Iﬁﬁﬂﬂ\?lﬂﬂﬂ?']fﬂﬁ@@ﬂ!!fllllﬂ S=1

= v

Aa 1 o A ) Y1 A 0
ﬂimslfﬂ@]’JLﬂ‘]Jﬂigﬁ]‘ﬂilﬂﬁﬂmllm Single wye 11493910 [3] LLI!%‘LHUI,TNVI S=291UIU

v 3 {1 o 1 1 1 ) o
annulszyiaevuiunulu 1 nqueunsuedazianiiliodnaios 6 7§15 Grounded
v o o A = =l [ = v A 1

wye ag 8 Ad11 31 Ungrounded wye Lil@LﬂifJ‘]J!fVI‘(’J‘UﬂUﬂim%ﬂﬂjlﬂﬂﬂﬁgﬂﬂwﬂ'ﬁﬁﬂuﬂﬂ
. & 9 v 1 Y o =K o Yy

Split wye “ﬁﬂ@]@ﬂﬂ"lﬁ@l’]!,ﬂﬂﬂﬁg’gﬂﬂ']\iu@ﬂ 14 a2 EN‘VI']ﬂ']ﬁ'ﬁ]'f)ﬂLL‘]JUjﬂﬁllﬂﬁilclﬁilﬂ'ﬁ@@ﬂllll‘ﬂ

= g A g A A g ~ ~ o ~ = O

ns = 2 ul')ﬁ/‘lﬂlﬂu%TﬂLﬁ@ﬂ‘Vii@LﬂuﬂTiLﬂﬁEJ‘]JLTI?J‘]Jﬂ‘IJﬂTﬁf’Ji’]ﬂLL‘]JU‘W S = 1 23UIINT

f’]f’JﬂLL‘]J‘]Jﬁ]?Qfl]zlaﬂﬂﬂWﬁ’l’)i’Jﬂl!‘U‘Uﬁ S=1

v Ao o g D) Ay Ay Y a
3) @ﬁ?%ﬁﬂﬂlliﬂﬂuWﬂﬂﬂl’ﬂQﬁ’JLﬂ‘]J‘IJiSi]i]"lﬂj?lﬁl’t’)hﬁﬂ@@ﬁﬂ"li ([1] mamayjamamwa@)

U

t VCr

Av,

100

Vgg, =V < 1+

ca cr \/ | (4.2)

ca

Av, o $o8azu0IMIINOVLIANIALTIAY

o 1 o w v g 1 @
4) Snamaihdsuendivesdunullssqudazda: Q

= v a3 Aa 1 .
" psalgedunulszgniinsaeuuy Split wye equal legs
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2
- VCI' % QS
Qcal
V, +(SX\/§) 3x2xP; <8
2
v, SxQ
= | = 43)
v 2xP,
= o v A = Ay
Qq Ap  MasIenNIsTIWNABINIT (MVAr)
P, Ao Swnuduiulszaidevinuiulu 1 ngueynsuveudaznluudaz
e
" Asdiyadanlszafilimadenuy Split wye unequal legs
2
—_ VCI' v QS
Qcal \/—
\A +(3x 3) 3Py xS
2
Y $xQ
= —L | x—= (4.4)
vs Pt
p, = (2xp,)+i @.5)
A o v 3 A @ 1 '
P, Ap  nudunulszandevinunuly 1 nqueynsvuesaazid
. A I o A o Q¥ A & o =
ii an  unwesminnuanmei 1 P iauiudmiun
" Asdigaduiulszaiimsdenuy Single wye
2
- Vcr « QS
Qcal \/’
Vs —(SX 3) 3XPt><S
2
V. SxQ
£ Ccr S a
= — X , (Pt —3 Pa) (4-6)
v, P

o w a o ] {
5) asdoumassueniinidavesdunulszguingudeyandesms (11 wiedoya

Y a
GU’ENEJWQGI): ch
Aq

100

1- Qcal =

A
o

Qer

u

Aq

100

<

1+

Qcal (4.7)

4 o w v
Aq AnuAmAaoUvoIiassueniilvesd unulszy (%)
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Input : Vs, AVS, Qs, Ach, Qcr_min, Iphase

\J
P = 2
Vs X\/gxl phase
v
Qs
Sminl = » Q¢r max from Tablel
3><PtXch_max "
v
Vs
S i V—X\/g . Vcrimax from Tablel
er_max

<:Sminl & Smin
Y

S =S

minl

N

e

N A\/S\
XSVCI, < 1+ —2)WVy
100
Y
2

)
S =S+1
S X Q

\Y
cr
Qcal™ X

Vi Py
N
Qcal Z ch_m'
Y

N AQ AQ
(1= )Qg SQy S(1+—)
100 100

Y

Show all results if KR =1
Show no result if KR =0

31U 4.4 unuMI0dNUUY Internally fused NTEAVUTIAUTINUY
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QSJ’ a v { [ [
TUADUNIINIIIUINTOONUUUEAAUAUUTZYUUY  Internally fused NTLAVUITIAU
1N

1) MUINMIEIUIY Strings VouAAZING : P,

_ Qg
Pt = \/, 4.8)
Vs 3><Iphase
o o U 2/} o v 1 i a o w
2) ﬂTLl’J‘[M‘ViT’l]TL!’J‘L!ﬂQiJﬂiéﬂiiJsUansUﬂx‘W]’JLﬂ‘Uﬂﬁzﬂsllﬂxumfl% String Lﬁ@‘Wi]ﬁmWﬂWaQ%
=S
ueniin : S .
_ Qg
3 ><Pt ><ch_max

A Awv o _aA ~ v A 9 9y a
ch max o WﬂﬂﬂWaﬁﬁ!L@ﬂﬂﬂqqq@ﬂlﬂﬂﬁﬁmﬂﬂigﬂﬁnﬂ [1] HIDVOYAVDINWAR
- 4 v v ]
o o 4 @ ° v v o a a o
3) muamw1’1]mauﬂq‘nmgﬂimlummmmsﬂuﬂizﬁgﬁmmmuﬂu Lﬁ@Wﬁ]TimTWﬂﬂ

o v & =y L Y a
IR UFIgAvesdunUllsEIn [1] nTeteyavesiHan : S . -

—_ VS
Smim = 1L, (4.10)
VmaXX 3
A A v o v 3 A g Y a
Vmax f19 Wﬂ@uﬂﬂuqqqﬂmmﬁalﬂuﬂizﬂﬁnﬂ [1] HIDVOYAVDINWAR

o J 3 o Tt {1 [ o {
4) aendungueynsuiudmesduiulssyidovinudiu ;s . Indauitam

UINNANTENIN Sminl Hae Smin2

o 1 o 1 v 3 1 Y
5) ﬂ”lu')il!‘ﬁWﬂ”Illix‘lﬂl!@]ﬂﬂi’ﬂllﬁ?Lﬂﬂﬂi%ﬂll@ﬁ%@']: Vcal

V,

- S

/3

v aw v g ) Ay A g Y a
6) G]i’J"l]ﬁE)‘ULLi\‘mu‘Wﬂﬂﬂlﬁ]ﬂ@]llﬂﬂﬂi%i}ﬁﬂﬂjlu"’u?JiJEI‘V]G]@Qﬂﬁ ([11 ‘Vii@GUEJlI”ﬁ"lJENZJ.NaG])

U

Veal (4.11)

: VCr

Av,

100

Va1 SV < 1+

o -~ Veal (4.12)

ca

%

[ ' o w v g 1
7) ﬂ1u’)mﬁ1ﬂ1ﬂ1€1ﬁllf’)ﬂﬁﬂ"’ll@ﬂ@’JLﬂ‘U‘]JiZﬂqLLG]ﬁZG]’J: Qcal

2
Ver Qg

Qcal x
Vs +(S><\/g) 3><Pt><S
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2
\Y SxQ

= L x—=3 (4.13)
Vs Pt

o w a o ] Y { o Y
8) arvdounIasLeniininavesdnnulszgInguteyandeans ((11 wiedoya

k)

VOIRHAN) 1 Q,,
Aqq

AQ

s

— | Qcal < Qer S| Qcal (4.14)
100 100

1

v
= o U \

4.2 myviaanldsunsumsesnuuugaauivlszgfiszaunssavd

v

{0 ' ] [ 9 v
612@]?]'JLﬂUﬂﬁgi]‘ﬁllf]gﬁluﬁgUTJ?Nﬁ’lll’]iﬂ!lf]_l\iﬁ']3J'ﬁﬂ‘Hmgiﬂiﬁﬁﬁ'l\‘]sllﬂﬁélgﬂﬁjlﬂﬂﬂﬁ%ﬂ

I 1%
poniilu 3 JUuuunanfe

v
1) gadunUszauun Externally fused

v
A v A =S

. o [ @
®  Externally fused t11J1) Split wye equal legs fnualdtaeiiiu TEL uazliduaeu
U d'
MI0ONLUVAIZUN 4.5
o [ [
" Externally fused MUY Split wye unequal legs sivualdiawiidu TE2 wagil
4 v
TUADUNIOONIUUAIZITN 4.6
o @ I 09/’
" Externally fused L1JU Single wye Mnualviayiitu TE3 uazlivunouns
% d'
ponIUUAIN 4.7
v
2) GIgﬂ@]’JLﬂ‘]J‘]JixﬂLL‘U‘]J Internally fused

4 [
" Internally fused 4D Split wye equal legs HUuaBUMIBONUVUITOUUN 4.4
4 [
" Internally fused #UD Split wye unequal legs HUUADUMIDONUDUIMTOUFUT 4.4
4 [
" Internally fused H11 Single wye HuapumMssontuLmlongih 4.4

v
3) YAduAUTEUUY Fuseless

D.

A v A

5 & " o
" Fuseless 11 Split wye mvualntiasiiu TF naziivunoumsoenuuuaagili

4.8

o [ v { 1 . {A o J 1 o
wek MINTUYAANAVLUTZINTMIABUDY Split wye NUTTUIUNGUOUNTUVDINUIA
3 A o ] J @ ] ' A 1
nudszgunansalasudwmvisvesginsaiasaviannuliauaa lldereuse nang
o oA o w 1 = @ 1 = [ 9 v g
aurandludduvesnqueynsuAeIfuvewmas Leg lumla@erdudmiuily H-

bridge &



Start TE1

‘ Input : Vs, AVS, Qs, Ach, Qcr_min ‘

Vv from Tablel

S =Smin1 S:Smin2
v ]

% Y
N Show all results if KR = 1
: Show no result if KR = 0

gﬂﬁ 4.5 LLW‘L!.QﬁﬂTiEJEJﬂL!U‘IJ Externally fused 11U Split wye equal legs NILAVUTIAUES
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Start TE2

‘ Input : Vs, AVS, Qs, Ach, Qcr_min ‘

Qs
6x4.65

v

\Y% from Tablel

Sminl =

N Y
S=Spmin] $=Smin
v v
Defined Pa_min from table 3, set Pa = Pa_min, ii = 1 and kept results (KR) =0
vy
Vs

; Y

Show all results if KR =1

Show no result if KR =0
il = 1i+2 *

End or Restart

AQ or
(I-—)Qu SQq S0+
100 1

Cr

317 4.6 1HUYUNTOBNLILIY Externally fused 1111 Split wye unequal legs N3EAUHTIAUA



‘ Input : Vs, AVS, Qs, Ach, Qcr_min ‘

Qs
3%4.65

v

V from Tablel

Sminl =

\% y
S\ Vmin] S=Smin2
Y Y

S* \

Show all results if KR =1
Show no result if KR =0

P =P, +1 *

End or Restart

AQ or
(I-—)Qu SQq S0+
100 1

Cr

-

317 4.7 uHUINITOBNLLIY Externally fused 1111 Single wye NIAUNITIAUET
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;’ a v { o o v
TUADUMITNIIIUINTODNVUYAA NAUTE VY Externally fused NTAVUTIAUAT
T W J =] { 1
1) asdeumMAriideInseonuuLgadunulszaRlinIsasuU Split wye equal legs,
Split wye unequal legs W30 Single wye
o o 1 qgll o v { o y a o w
2) AunamiwarungueynsviudvesdunulszyiaevuIuiuy WeNTafIEE
woniv lunaaznguauiu : S_.
“ * ®minl

= v A 1 .
= Asdgedunulszaninmsaenuy Split wye

_ Qs
Sminl = > (4.15)
6x4.65
" nsdlygadunulizgiiimsaenuy Single wye
Qs
S - (4.16)
3%4.65

* A ) Y1 o A v A
4.65 UNW191N NEMA CPI1-1988 tiugzii 3 nsununniigavesdunuilseyiae
k4
yunuluudazngueynsualvzimasnusuenivnualu 1 nquuniulinu 4.65

MVAr dw5udufulsgqiiinuauuun All film 3.1 MVAr dwiudufulszqiigunni
iieflostumssziiavesihdildtleaiudufivlsz iesnnmsmielsz i dluvasi
(AANITANINDT

3) f‘immmﬁ‘hmuﬂ’cjmuﬂiwﬁa’)ué%wmﬁuﬁuﬂizi;“ﬁeiammuﬁu ilefinsaniifa

Y v 3 Aty Y a
Llj\jﬂﬂﬁl\?@‘ﬂﬂ@ﬂ@glﬂﬁﬂigfllfl]'lﬂ [1] NIDUDYAVDINNGA : S

min2
= VS
\/1'1'1217(>< 3
A A v o v 3 = Yy a
Vmax o Wﬂmli\iﬂuq\iq@]ﬂmﬁ@]?Lﬂﬂﬂi%ﬂ%?ﬂ [1] HIDVDYAVUDIHNAR

{a a o @ v 4 v
g anfinaus W uggavasdi unusey e Indnn sz Uy Externally

a a ' @ Y o 9 Yo < A
fused ﬁ‘nJTﬁﬂ‘ﬂi]glLflﬂﬂigllﬁWﬂ‘Wﬁ'ﬂ\uﬁQﬂ‘NﬁIQqﬂ 'Vn‘lﬁﬂ1iﬂ@ﬂllﬁﬂﬁ1n1§ﬂ1ﬂfﬁ?!ﬂﬂﬂi3%7]3J

was wngeiganihizdlula g

o ' oa.l’ o ] { [ o {
4) 4ADNUIUNGUOUNTHIUAIVRIRUAUYTERNARVIUAY = S . 1INTIWIUATA

UINNITSHIN Sminl ag Smin2

o 1 @ 1 v g 1 o
5) mmmmﬂumﬂumﬂﬂiaumm‘uﬂizmmam3: Vcal

— Vs

\V4 =
1 SX\/g

e (4.18)
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v Aaw v 3 !
6) mai}aoummu‘wﬂ@maqmgﬂuﬂizﬂmﬂgm%mﬁ A94N17 ([1] maﬁuammmwwam)

U

: Vcr

Av,

100

Voapg =V < 1+

ca cr \ |

ca

o

o 1 o w ] 1
7 Amnamammdsueniivesdunuilszquaazdi : Q

" psdigadunuliy fitinseeuu Split wye equal legs

2
— Vcr e Qs
Qcal
Vs +(SX\/g) 3><2XPa><S
2
— Vcr SXQS
V. 2XP

" Asdigadunulivg i3I Split wye unequal legs

2
— Vor Qg

Qeal — r
SX\[) 3P

S><Q

P, = (2><Pa ) +ii

v
=

" AsdigadunulszaRimIdenu Single wye

2
A Vcr J Qs
Qcal - \/’
Vs +(SX 3) 3XPtXS
2

— Vcr SXQS
— _ X

Vs Pt

(4.19)

(4.20)

(4.21)

(4.22)

(4.23)

(4.24)
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o Aa o v {
8) ainvdoumassueniiiinavesdunulszgaingiudoyandesns (11 niedoya

U

VOIHAN) : Q,,
AqQ

AQ

S

Qeal S Q¢ = |1+ Qcal (4.25)
100 100

1-

9
) @ a v I
LLWHJ;]?Jﬂ']ﬁ’E)'E]ﬂLLTJTJLLag"’Uu@]fJUﬂ'ﬁW%13ﬂl1ﬂ1§@ﬂﬂllﬂﬂ6§ﬂﬂjlﬂﬂﬂﬁ$§LL‘U‘U Internally

v
[ v A

~ [ % 1 o 9 o =) 1 9 =S
fused VligﬂULLi\‘]ﬂuﬁQﬁ”INTﬁﬂﬂile11ﬂ1u%1u9ﬁlﬂEJ’JﬂLlﬂ‘UVIﬂaW'J]'l'JaluiTﬂagl’ﬂﬂﬂ"U@fiﬂ”ﬁ

v { [ v o 1
@@ﬂllﬂﬂﬁﬂ@]ﬂlﬂﬂﬂﬁgmlﬂﬂ Internally fused ﬁizﬂummmmmﬂ
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Input : Vs, AVS, Qs, Ach, Qcr_min, Iphase

v
P = s
VSX\/;XIphase
v
Q
Sminl = . Qg max from Tablel
3XP‘[ Xch;rnax a
Y
VS
Sminzzv—xx/;, Ver max from  Tablel
Cr max

Vea) S Vo S (1

s
al }
100
N4

Y

Show all results if KR = 1
Show no result if KR =0

S+1 2
Ccr S X QS
A Qeal= X
S Pt
N
Qeal = ch_m N
Y
N A. or
(I-—")Q SQy SU+—)Q,
100 100
317 4.8 UNUYINTOBAUVD Fuseless U Split wye NISAVUTIAUA
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e

@ a v { o @ 1
EU‘L!G]E]Hﬂ15W"lﬂiﬁ!']ﬂﬁﬂﬂﬂllﬂﬂﬂzﬂﬁﬁlﬂﬂﬂizﬂuﬂﬂ Fuseless ﬁigﬂﬂlli\‘lﬂuﬁ\i

1) MUINMIEIUIY Strings VouAAZINE : P,

_ Qs
P — (4.26)

t *
stx/gx60

* <& a
60 wounlsgiwazidealdnin [10] nsedoyavefwan

o o 1 2/} o v 1 . y a o w
2) ﬂTLl'Jm‘Vi’lfl]TL!'J‘L!ﬂQlI?J‘léﬂiiJeU‘L!GI"ISUE]\W]’Jlﬂﬂﬂﬁgﬂﬂlﬂﬂllﬂﬁg String Lﬁ@Wﬂ1im1ﬂ1aQ§

woninul : s
* °minl
Qg
Sminl 4.27)
3 ><Pt ><ch_max
A Av o ovA = v A g Y a
ch max e NNAN ﬂ‘i!!,ﬁ]ﬂ‘lflV\Iq&EIﬂleﬂ\‘lﬁ’JLﬂUﬂ‘igﬂmﬂ [l]mmagamamwaﬁ

o o ' 3 o ] { o { a a o
3) ﬂTLl’Jﬂ!”Vi1%11!'J‘Llﬂf::]3J@1§ﬂillelluﬁTﬂlﬂQﬁ?LﬂUﬂigﬂﬁﬁﬂﬂIUTHﬂu Lﬁ@Wﬁ]TimTWﬂﬂ

o v g A 9 Y A
L!,imuqqqﬂmmmmuﬂigEﬂqmﬂ [1] NIDUDUAVDINWAA : S

min2
—_ VS
Sminy = Wi Ax (4.28)
\71’1’18.)(>< 3
A Ao @ v A g 9y a
Vmax o Wﬂmlﬁ'ﬁﬂuqqq@ﬂl@ﬂﬁﬂmﬂﬂi$ﬂﬁ]'lﬂ [1] HIDVDYAVDINWAR

o J 0911 o v g i [ o {
4) aendungueynsuiuiwesduiudszyndoviudiu ;s . aIndauitam

UINNITSHIN Sminl ag Smin2

o 1 @ 1 v 1 @
5) mmmmmmmuﬁﬂﬂiaummuﬂizmmazm: Vcal

V,

—_ S

\Y =
1 Sxx/g

ca
v Aaw o g Y Ay A g Y a
6) G]i’J"l]ﬁE)‘ULLi\‘mu‘Wﬂﬂ61]E]Qﬁ]tﬂﬂﬂi%i}.mﬂjm“l]’ﬂuﬁ‘ﬂﬁﬂﬂﬂﬁ ([11 Wi@GUE]lI”ﬁ"UENZJ.NaG])

U

(4.29)

: VCr

Av,
cr =5 Vcal (4.30)

100

Veal < \' < 1+

%

[ ' o w v g 1
7) ﬂ1u’)mﬁ1ﬂ1ﬂ1€1ﬁllf’)ﬂﬁﬂ"’ll@ﬂ@’JLﬂ‘U‘]JiZﬂqLLG]ﬁZG]’J: Qcal

2
— Ver Qg

Qeal  — x
\A +<SX\/§) 3xP <3
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2
\Y SxQ

= | 5 431)
Vs Pt

o w a o ] Y { o Y
8) arvdounIasLeniininavesdnnulszgInguteyandeans ((11 wiedoya
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M13199 4.1 AUMTATIARINAANTA 11U Externally fused 1Y Split wye

Column title

Formula and comment

Blown capacitar
unit fuses
n

The number of fuses that have blown in one parallel group of capacitor units. 1 =0 is the system
normal condition. n = ST is the condition with a faulted capacitor unit (517 befare the aperation
aof the fuse.

Cp

Parallel proup (e o FA-D
per-unit = Fa
';'C“p“':““““ The capacitanee of the paralled eroup of capacitars that includes the blown fuse(s).
£
Affectedwye | .. _SxCp
capacitance Cels-1)+1
Cs The per-unit phase-to-neniral capacitance of the series/parallel group of capacitor wmits that
includes the bloswn fusels). For the proup including the affected unit, the per-unit capacitance is
Cg. For all other groups, the per-mut capacitance 1s 1.
Per-unit Cp = (CsxPaj+Pt-Pa
capacitance, P
ﬁﬂ“ “;llﬂ-" The per-unit capacitance of the phase (both wyes) that includes the blown fuse(s). For single wye
own fuses

banks, Pa=Ptand Cp=Cs.
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M3197 4.1 AUAMIMNIINAINAGNT MU Externally fused 111U Split wye (710)

Column title Formula and comment

Neutral-to- Vog = G{—— 1)

ground veltage . EE +Cp )

(per unit of Vig)

Vig For gronnded banks (G =0}, this voltage is alwavs 0. For imgrounded wye banks, the caleulation

8 12 A £ ¥

is made assuming the affected phase has a capacitance Cp and the other two phases each have a
per-umit capacitance of 1.
(It is convenient to develop this equation based on an instant in time when the affected phase has
one per-nmt voltage and the other two phases have <03 per-umit voltage. For this condition the
two unaffected phases can be paralleled, and the voltage divider between =05 per unit and +1 per
umit can be caleulated for the madpoint voltage, which 1s recorded as Vng.)

Voltage on Vin = 1+ Vng

affected phase

WVin The voltage line to nevtral across the phase that includes the blown fuse(s). The operation of the
fuse(s) reduces the capacitance of that phase and increases the voltage across the affected phase;
therefore, the numbers are always greater than one exeept before the operation of the fuse on a
fanlted capacitor wmi

Voltage on Ven = WVin « Cs

affected series Cr

aroun

T (If C§ = 0, Ve =Wlux §)
The per-unit voltage on the eapacitor units in the group with the blown fuse(s), based on the
capaeitance division af the actual voltage on the affeetad phase (Vin).

Current through In = Ven x Cu

affected

capacitor(s) The current through the individual capacitor units in the proup with the blown fuse(s). per unat of

In the value with no fuses blown The value for SU indicates the power frequency current available
to blow the fuse on a failted capacitor wnit. This value may be used to estimate the maximum
clearing time of the fuse (assuming no discharge from parallel capacitor units into the faulted
onel.

Cumrent in Iy = Csx Vin

affected wye

Iy The per-imit cuurent in the sertes/parallel group with the blown fuse(s). This valve may be useful
for differential schemes companng the cument in different senes/paralle]l proups.

Current in Iph = Cp x Vin

affected phase

Iph The curent in the phase with the blown fuses. This may be useful for setting protection based on
phase current,

Gronnd current Iz = i1-GWY=Tph}

change 0
The change m curent to ground, which 15 used with protective relay schemes utilhzing erther
neutral-to-ground current, ar the voltage across a low-voltage capacitor(s) in the neutral or in
each phase.
The per-unit change in cwrent to ground 15 the per-unit change in voltage actoss a low-voltage
capagitor in the affected phase. Itas also the per-unit change in voltage actoss a low-voltage
capacitor in the nentral-te-ground connection because the other two phase curments do not change
in a grounded wye bank,

Neutral current In = J#VapeG

between wyes E

In Unbalance current for imgrounded wye-wye banks. [The current 15 calenlated assuming the
neutral-to-ground (ze1o sequence) voltage 15 applied at the neutral of the wye with no blown
fuses.]

Dnfference Id = Vln(l -Cp)

cratent, equal

WYES For grounded wye-wve banks, where the difference in the neutral cumrent between the two equal

Id wyes 15 used as a basis for protection (see Figure 18). Values are per unit of total phase current.
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M13199 4.2 AUMTATIABINABNT AN TU Externally fused UV Single wye

a
capacitar group
Veu

Column title Formula and comment
Affected phase Cp = _ PuPx-m)
capacitance Pt+(Pt-n)(5-1)
Cp The capacitance of the phase from end to end, assuming the capacitance of one healthy capacitor
unit is 1 per unit.
Violtage on Ven = CBES
P-n

Voltage actoss the group of capacitors that includes the affected capacitor unit, per wut of the
mortmal voltage across that grovp.

Current through
affected
capacItor

Iu

i = VeuxCu

The current thuough the affected capacitorunit(s), per unit of the value with no fuses blown. The
value for SU indicates the power frequency eutrent available to blow the fuse on a faulted capac-
itor. This value may be used to estimate the maximum elearing time of the fuse (assuming no
discharge from parallel eapacitor units mto the faulted one). For healthy capacitor units Cu = 1,
and the equation can be simplified to In = Ven.

For blown fuses outside tap portion

Capacitance tap
to neutral

Pt

Ctn = —
5t

Cm The capacitance of the tap portion of the phase, assuming the capacitance of one healthy capaci-
tor unit is 1 per unit.
Tap voltage, Vig = Cp
per unit of Vg Cin
Vig The voltage across the tap, assuming 1 per-unit voltage 1s the actual veltage on the phase.
Tap voltage dVig = Vig— Vigin = 0)
change, per unit Vtg(n =0)
inonn:ﬂ The per-unit change in the tap voltage, assuming 1 per unit is the normal tap voltage.
.’tg

For blown fuses inside tap portion

Capacitance tap
to neutral

_ Pt(Pt-n)
Co = s P—mse=T)

dVie

Ctn The capacitance of the tap portion of the phase, asswming the capacitance of one healthy capaci-
tor umnit 15 1 per unit.

Tap voltage per Vig = Cp

unit of Vg Cim

vig The voltage across the tap, assuming 1 per-unit voltage 1s the actual voltage on the phase.

Tap voltage Vg Vig = Vigin = 0}

change, per unit Vig(n =0)

of normal

The per-unit change in the tap voltage, assunung 1 per unit is the normal tap voltage.
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M3197 4.3 aUMIMITA0INAENT S HTy Externally fused t1U1 H-bridge

Column title Formula and comment

Blowmn fuses The number of fuses that have blown in ohe paralle]l group of capacitor units. 1 =0 is the system

n rormal condition. n = 5U is the condition with a faulted capacitor unit (507 before the operation
of the fuse.

Capacitance Cha = (Pa=n)Pa Jh-Pa

H-bridge to " {Pa=nMSt-1}+Pa 5t

neunal The capacitance from the Hleg to the neutal or reference end of the phase, assuming the eapaci-

Chu tance of one capacitor unit is 1 per unit

Affected phase Cpm %Dt

capacitance Chn(% -5t} + Pt

Cp The capacitance of the phase from end to end, assuming the capacitance of one capacitor it is
| per umt,

Afferted phase Vin = 1G] 3 -1

voltage N +Cp Cpll) -ll

Vin The voliage across the affected phase will be 1 for grounded wye or delta, where G=10. For
ungrounded wye, this voltage is the per-umt voltage actoss the affected phase including the effect
of the newtral shaft from capacitance unbalance.

H leg voltage, Vi - B

per unit of Vin Chn

Vi The voltage of the Hleg, per unit of the acmal voltage on the affected phase.

“H" cumrent, per B gt f 1 Ty SP—Pay

unit of total b =SVinig= V) (Sos &S W |

phase current The curgent in the H leg, per unit of the normal total phase curent for a wye-connected o1 single-

It phase bank of per umit of total leg eurvent for a delta bank:.

Voltage on rey = i Vimx Pax S

a Veu Pa+i5t=1)}Pa=n}

CApAcOr wuts The voltape across the capacitor units in pagalle] with the blown fuses, per unit of the value with

Ven o fuses blown,

Cumrent through Iu = VeuxCu

affected

capacitor(s) The current through the capacitor units in the group with the blown fuse(s), per wmt of the value

In with no-fuses blown: The vae for SUandicates the powel flequency current available to blow
the fuse on a faulted capacitor unit. This value may be used 1o estimate the maximum clearing
fime of the fuse (assuring no discharge from paralle] capacitor units into the faulted one).
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Column title Formula and comment

Blown fuses The number of fuses that have blown in one paralle] group of elements mnside one capacitor unit.

f f=01is the system normal condition, £ = SE is the condidon with a faulted element (SE) before
the operation of the element fuse.

Internal group ci o N-f

W‘“ﬂ“ ! T

capacilance The per-unit capacitance of the group. based on the number of blown fuses. The value for N is

G input at the top of the page and for {15 from column one, For this and all subsequent columns, an
“if" statemsent has been included so that if £ > X, nothing is printed.

Internal group Ve = Sux N

voltage (for Erm-nN-n*N

capacilor wut at | The voltage that would oceur across the affected group of elements where the fuses are blowing

1 per-umt if there was | per-unit voltage on the eapaeitor umt. For the calculation, the capacitance of all

;’;’;"3*} groups except the affected groupis 1 perunit. The capacitance of the affected group is Ci

Capacitor unit Cuo_ SuxC

pet-unit Crx (Su=1) +d

capacitance: The capacitance of the affected capacitor wut, assuming all groups except the affected proup

Cu have ] per-umit capacitance and the affected group has the capacitance Ci.

Parallel group c: S P-1460

per-umit P

capacltance The capacitance of the group of capacitors that includes the affected unit. For all of the units in

Ce that group except the affected unit, the per-unit capacitance is 1. For the affected unit, the per-unit
capacitange 1s Cu.

Affected string Co o o

capacitance Ce(5=1) -+

Cs The per-unit capacitance of the stung of (paralle] groups of) capacitor units from phase to neutral
that includes the affected eapacitor unit. For the group including the affected unit, the per-unit
capacitance 15 Cg. For all other groups, the per-unit capacitance is 1.

Per-unit Cp - (CsxP)+PLP

eapacitance, h

phase with The per-unit capacitance of the phase (all paralle] swings) that includes the affected unit. For this

gm“ml calenlation the capacitance of the affected string 15Cs, The edpacitance of all the other strings is
1 per umit.
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M3197 4.4 AUAMIANITINADINAGNT E1H 3V Internally fused LU Split wye (#18)

Column title

Formmla and comment

Neutral-to-
eronnd voltage
(per wmt of Vlg)
Vng

3
2+Cp

Vag = 6f -1

The newtral-to-ground voltage. For grounded banks (G =00, this voltaze is always 0. For
mmgrounded wye banks, the caleulaton assumes the affected phase has a capacitance Cp and the
other two phases each have a per-umt capacitance of 1.

(Tt is convenient to develop this equation based on an instant i time when the affected phase has
1 per-umit voltage and the other two phases have 0.5 per-unit veltage, For this condition the twa
unaffected phases can be paralleled, and the voltage divider between -0.5 per unit and +1 per wmit
can be ealeulated for the midpoint voltage, which is recorded as Ving.)

Voltage on Vin = 1 +Vng

affected phase

Vin The voltage line to neutral across the phase that ineludes the affected wut. With fused units, the
operation of the fuse reduces the capacitance of that phase and increases the voltage across the
affected phase, therefore, the mumbers are alwavs greater than one except before the operation of
the fuse on a faulted element.

Woltage on fony o iim % Cs

affected umit e Cg

Ve

(If Cg =0, Veu="VIn « 5)

The actual per-umt voltage on the affected capacitor umt, based on the capacitance division of the
actual voltape on the affected phase (Vin),

Woltage on

Ve = Viux'Ve

affected elements

Ve The actual per-umit voltage on the affected elements, based on the actaal voltage on the affected
nmit.

Current through Tn = Veux Cu

affected

capacitor The current through the affected capacibor unit, per unit of the value with no fuses blown. The

In value for SE indicates the power fiequency current available to blow the fuse on a faulted ele-
ment. This value may be used to estimate the maximum clearing time of the fuse (assuming no
discharge from paraflel elements into the fanlted one).

Current in Ist = Cs = Win

affected sming

Ist The per-umit current in the affectad sming. This value mav be useful for differsntal schemes com-
paring the current i paralle] strings.

Current in Iph = Cpx VIn

affected phase

Iph The current in the affected phase. This equation may be useful for setting protection based on

phase cluTent.

Groand current

Ig = [I—G:lfl—IPh]

change

I For use with protective relay schemes wilizing neviral-to-ground ciurent, of the voltaze actoss a
low-voltage capacitor in the newtral or in each phiase.
The per-unit change in curtent o ground is the per-unit change in voltage across a low-voltags
capaciter In the affected phase. It is alse the per-unit change in voltage across a low-voltage
capacitor in the nenmal-to-ground connection becanse the other two phase cwrents do not change
in a grounded bank.

Neuwal current | g, _ 3 Vg« G(Br—Pa)

Terween wyes 2

In Unbalance cumrent for ungrounded wye-wye banks. [The cwmrent is calenlated assmming the
nenTal-to-ground (zere sequence) voltage is applied at the neniral of the unaffected wye, which
15 half the of the bank ]

Difference Id = VIni1-Cp)

CIITENL,

equal wyes For grounded wve-wye banks where the difference in the neumal current berween the two equal

Id wyes 15 used as a basis for protecticon (see Figure 273 Valwes are per unit of total phase current.
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M13199 4.5 AUMIATIADIHABNT NN TV Internally fused LU Single wye

capaciior group
Veu

Column title Formula and comment
Affected e saxNf
capacitor per- s (N=-fSa-1}+N
Unit cAPAcltanee | The per-unit eapacitanee of the affected eapacitor unit. based on the number of blown fuses in
Cu one group (in the afected capacitor).
Affected phase - Pt(P1-1+Cu)
C;px“a“ﬂ CP Pt+tPt-11-Cu]lS-1'1
Cp The capacitance of the phase from end to end, assunung the capacitance of one healthy capacitor
unit is 1 per unit,
Voltage on Ven = —CB%S
affected i -1+Cu

The voltage across the group of capacitors that includes the affected capacitor unit, per unit of the
normal voltage across that group.

Voltage on
affected element
EIoup

Ve

- Veux Sux N
SalN=1+([

The voltage across the remaming elements in the affected element group (also the voltage across
the blown fusesin that group), per unit of the value with no fuses blown.

Ve

Current throngh
affected

In = Ven = Cu

capacitor The current throngh the affeeted eapacitor wnit, per unit of the value with no fuses blown. The

Iu value for 5E indicates the power fiequeney current available to blow the fuse on a faulted ele-
ment. This value may be nsed to esumate the maximum cleaning tinee of the fuse (assuming no
discharge from paralle]l elements into the fanlted one).

For affected unit outside tap portion

Capacitance fho = oF

tap to neutral st

Chn The capacitanee of the fap portion of the phase, assumuing the capacitance of one healthy capaci-
tor unit is 1 per uni,

Tap voltage, Vie = CB

per unit of Vg = Cha

Vig The voltage across the tap, assuming 1 per-unit voltage is the actual voltage on the phase.

Tap voltage dViale Viglf =0) - Viz

change, per unit Viz(f = 0)

3{_’:‘:“'"“] The per-unit clange in the rap voltage, acsuwming 1 per wit is the normal tap voliage.

Ttz
For affected unit inside tap portion

Capacitance Cho & By(Pr =] +Curb

tap to neutral Prt(Bt-1+Cu)(5t—

Chn The capacitanee of the tap portion of the phase, assuming the capacitance of one healthy capaei-
tol wmt is 1 per umt.

Tap valtage R ]

per unit of Vg 5 Chn

Vig

The voltage across the tap, assuming 1 per-unit voltage is the actual voltage on the phase.
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Column title Formula and comment

Blown fuses The mumber of fuses that have blown in one parallel group of elements inside one capacitor unit.

f f =10 iz the system notmal condition. = 5E 13 the condition with a shored element (SE) before
the operation of the element fuse.

Affected Cu = Sux H-f _

capaciter per- (WM-fiSu-1)+M

%.111: CADACITANCE | The per-unit capacitance of the affected capacitor unit, based on the munber of blown fuses.

u

Capacitance Chn = [Cu+P-1P ) Fi-F

H-bridge to [Cu+P-135t-1)+P 3t

nenzal The capacitance from the H les to the nevtral or reference end on the phase, assuming the capac-

Chn itance of one healthy capacitor tmit is 1 per unit.

Affected phase Cp = — o

capacitance Chnis-3p-H

Cp The capacitance of the phase from end te end, assuming the capacitance of one healthy capacitor
umit is 1 per unit.

Affected phase vin M e 30 S0y

voltage i \2+ Cp/Cpl0) )

Vin The woltage across ihe affected phase, that is, 1 for grounded wve or delta, where G = 0. For
ungrounded wye, this voltage is the per-unit voltage across the affected phase inchuding the effect
of the neutral shifi from capacizance unbalance.

H leg voltage, vh= =P

per unit of Vin Chn

Vh

The voltage of the H leg, per unit of the acmal voltage on the affected phase.

H current, per
umit of total
phiase cument
Th

Bt a1 Iy S(Pt-Pay
Ih = -Vinj=—-Vh!| - ===
¥ 3 '\5 _5¢ S‘ti- Pt’, /!
The cuarent in the H leg, per i of the nermal tofal phase current for a wye-connected or single-
phasze bank or per unit of wial leg current for a delta bank.

Yoltage on
affected
capacitel nnit
Ven

Vinu VhxPul§
F-it-1yCn+F-1}

The woltage across the affected capacitor ums, per umit of the value with no fuses blown.

Veu =

Veltage on

Ve

affected elements

Ve = Ven x SuxN
BT SaiN-f+f

The voliage across the remaining elements in the affectad element group (also e voltage across
the blown fuses in that group), per unit of the value with no fuses blown.

affected
Capaciter nnit
In

Current through

In = Veuw Ca

The current throngh the affected capacitor unit, per umt of the value with no fuses blown. The
value for SE indicates the powel frequency ciurent available 1o blow the fuse on a faulted ele-
meent. This value may be used to estumate the maxinmm cleanng tme of the fuse (assuming no
discharge from paralle] elements into the fanlted one).
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Column title Formula and comment

Shortedcapacitor | The number of elements that have shorted in one string of elements between phase and neutral,

elements

e

String per-unit Cst = &

capacitance E-e

Cst The capacitance of the affected striug of capacitor units.

Affected wye Cy o S-i+Cat

capacitance : 5l

Cy The capacitanceof all stings of capacitors in phiase of the wye that includes the affected string.
For all of the soings in that wye except the affected smng, the per-unit capacitance is 51 - 1. For
the affected siming, the per-unit capacitance is Cst.

Affected phase Cp = Gy = 51p# Sp=-§l

capacitance Sp

Cp The per-umit capacitanee of the phase (all parallel strings) that includes the affected sting. For
this caleulation the capacitance of the affeeted wye is Cy. The capacitance of the other wye is
1 per unit.

Neurral-1o- Vag =1G[1- 3 1}

ground voltage VoI Cp

(perunit of VIg) | For grounded banks (G =0), this voltage is always 0. For ungrounded wye banks, the caleulation

Vng assumes the affected phase has a capaeitance Cp and the other two phases each have a per-unit
capacitance of 1.
(It is convenient to develop this equation based on an instant in time when the affected phase has
1 per-unit voltage and the other two phases have ~0.5 per-umit voltage. For this condition the two
unaffected phases can be paralleled and the voltage divider between -0.5 per unit and +1 per unit
can be calculated for the midpoint voltage, which 15 recorded as Vng)

Voltage on Vin « 1=Vng

affected phase

Vin The veltage line to nentral across the phase that includes the affected siring. With fuseless capae-
itor banks, the shorting of elements increases the capacitance of that phase and decreases the
voltage across the affected phase; therefore, the voltage 15 always less than 1 per wnit with shorted
elements, except with grounded wve banks

Violtage on vE Dy OE

affected elements E-e

Ve The per-unit voltage on the remaining elements in the affected sinng, based on the acmal voltage
on the affected string.
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Column title

Formula and comment

Current in Iy = Cy=xVin

affected wye

Iy The per-unit current in the affected phase of the affected wye. This equation may be useful for
estimating the increase in voltage across a low-voltage capacitor at the newtral end of the affected
phase of the affected wve.

Current in Iph = Cpx Vin

affected phase

Iph The current in the affected phase. This equation may be useful for setting protection based on
phase current or the voltage across a low capacitor at the neuiral end of the affected phase.

Ground current Iz = (1-G)(1-Iphj

I
For use with protective relay schemes ufilizing neutral-to-ground current, or the voltage across a
low-voltage capacitor in the nentral-to-ground conmection.
The per-unit change in cwurent to ground is the per-unit change in voltage across a low-voltage
capacifor in the affected phase. It is also the per-unit change in voltage across a low-voltage
capacitor in the neutral-to-ground connection becanse the other two phase currents do not change
in a grounded bank.

Nentral current In = ~sWne =G = [Sp—3l)

between WYES
In

5p

The unbalance eurrent for ungrounded wye-wye banks.

[The current is calcnlated assuming the newtral-to-ground (zero sequence) voltage is applied at
the nentral of the unaffected wye.]

Difference
current
Id

Id = Vin{l -Cp)

For grounded wye-wye banks where the difference in the newtral current between the two equal
wyes is used as a basis for protection (see Figure 27). Values are per unit of total phase current.
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5.2.1.7 MmanfSeungumsesnuuuyad i ulszuuy Externally fused N153AUNS 90U

{ v J v { @ (% o w o w
M15199 5.7 agUnaansveInTeoNUULYAA N5 U Externally fused N5zAULTIAN 69 kV Hazdoinsfiassuoniiv 24 uaz 36 MVAr aa1ay
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MVAr 24 36
Configurations S Pt Ver Qcr N Qcomp S Pt Vcer Qcr N Qcomp
kV kVAr | units | MVAr kV kVAr | units | MVAr
Split wye equal legs 2 11+11 | 20.8 200 132 24.21 2 8+8 20.8 400 96 35.21

3 11+11 | 13.8 200 198 36.67

Split grounded wye unequal legs — — e & = — 2 6+7 20.8 500 78 35.76
Split ungrounded wye unequal legs — — = = = -3 2 16+17 | 20.8 200 198 36.31
Single grounded wye or 2 11 20.8 400 66 24.21 3 11 13.8 400 99 36.67
Single ungrounded wye 4 10 9.96 200 120 24.00 4 10 9.96 300 120 36.00

5 13 8.32 200 195 35.76

6 10 6.64 200 180 36.00
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A1519% 5.8 ?fﬁq‘ﬂWﬁ'ﬂ‘W‘ﬁ‘U’ﬂ\?fﬂi’f)f]ﬂllﬂﬂﬁﬂﬁﬂlﬂﬂﬂigﬂuﬂﬂ Externally fused NTLAVUTIAU 69 KV LLa%ﬁﬂﬂﬂTﬁﬂWﬁﬂ%Ll@ﬂﬁV\l 48 11ag 72 MVAr f1uaial

TagiHouNANAALTIAUFIFA TUINY 105% VBT IAUTZUUNRIHUA

MVAr 48 72
Configurations Pt Ver Qcr N Qcomp Pt Vcer Qcr N Qcomp
kV kVAr | units | MVAr kv kVAr | units | MVAr
Split wye equal legs 11+11 ] 20.8 400 132 48.42 11411 | 13.8 400 198 73.33
10+10 | 9.96 200 240 48.00 10+10 | 9.96 300 240 72.00
13+13 | 8.32 200 390 71.53
10+10 | 6.64 200 360 72.00
Split wye unequal legs 14+15 | 20.8 300 174 47.87 8+9 13.8 500 153 70.83
9+10 | 13.8 300 171 47.50
Single grounded wye or 10 9.96 400 120 48.00 10 6.64 400 180 72.00
Single ungrounded wye
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MVAr 24 36
Configurations S Pt Ver Qcr N Qcomp S Pt Vcer Qcr N Qcomp
kV kVAr | units | MVAr kv kVAr | units | MVAr
Split wye equal legs — - == = == — — — — — — —
Split wye unequal legs — — — = - — 3 10+11 | 22.8 200 189 35.62
Single grounded wye or 3 14 22.8 200 126 23.74 3 14 22.8 300 126 35.62
Single ungrounded wye 5 13 13.8 200 195 36.11
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MVAr 48 72
Configurations Pt Ver Qcr N | Qcomp S Pt Ver Qcr N | Qcomp
kV kVAr | units | MVAr kV kVAr | units | MVAr
Split wye equal legs 14+14 | 22.8 200 252 | 47.49 3 14+14 | 22.8 300 252 | 71.23
5 13+13 | 13.8 200 390 | 72.22
Split wye unequal legs 9+10 | 22.8 300 171 | 48.34 3 8+9 22.8 500 153 | 72.08
6 10+11 | 114 200 378 | 71.23
Single grounded wye 17 13.8 200 255 | 47.22 6 14 11.4 300 252 | 71.23
14 114 200 252 | 47.49 7 19 9.96 200 399 | 72.37
10 8.32 200 240 | 47.76 8 10 8.32 300 240 | 71.64
9 14 7.62 200 378 | 70.86
10 12 6.64 200 360 | 72.00
Single ungrounded wye 17 13.8 200 255 | 47.22 6 14 11.4 300 252 | 71.23
14 11.4 200 252 | 47.49 7 19 9.96 200 399 | 72.37
8 15 8.32 200 360 | 71.64
9 14 7.62 200 378 | 70.86
10 12 6.64 200 360 | 72.00
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MVAr 24 36
Configurations S Pt Ver Qcr N Qcomp S Pt Vcer Qcr N Qcomp
kV kVAr | units | MVAr kv kVAr | units | MVAr
Split wye equal legs — — = =3 . — — — — — — —
Split wye unequal legs — — — = - — 6 10+11 | 22.8 100 378 35.62
Single grounded wye or 6 14 22.8 100 252 23.74 6 14 22.8 150 252 35.62
Single ungrounded wye 7 19 19.92 100 399 36.19
9 14 | 15.125] 100 378 35.97
10 13 13.8 100 390 36.11
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MVAr 48 72
Configurations S Pt Ver Qcr N Qcomp S Pt Vcer Qcr N Qcomp
kV kVAr | units | MVAr kV kVAr | units | MVAr
Split wye equal legs 6 14+14 | 22.8 100 504 47.49 6 14+14 | 22.8 150 504 71.23
Split wye unequal legs 6 14+15 | 22.8 100 522 49.19 6 10+11 | 22.8 200 378 71.23

7 12+13 | 19.92 100 525 47.61 7 12+13 | 19.92 150 525 71.42
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5.2.2.7 ManfSeungumseenuuuyaR HUYsuUY Internally fused N3ZAVNT INTUAS

{ v J v g { @ @ o o w
A15199 5.13 agUwadnsveInsoenuuDyAR N5 UL Internally fused NITAVLTIAU 69 kV tazApInsiassueniivl 24 uag 36 MVAr Aa1AY

TagineuanNnaLsIaugIga liiny 105% YeasauszIUNS1Le

MVAr 24 36
Configurations S Pt Ver Qcr N Qcomp S Pt Vcer Qcr N Qcomp
kV kVAr | units | MVAr kV kVAr | units | MVAr
Split wye equal legs 4 2+2 9.96 500 48 24.00 — — — — — —
Split wye unequal legs — — e & o= — 4 2+3 9.96 600 60 36.00
6 2+3 6.64 400 90 36.00
Single grounded wye or 4 4 9.96 500 48 24.00 4 5 9.96 600 60 36.00
Single ungrounded wye 6 5 6.64 400 90 36.00
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MVAr 48 72
Configurations Pt Ver Qcr N Qcomp Pt Vcer Qcr N Qcomp
kV kVAr | units | MVAr kv kVAr | units | MVAr
Split wye equal legs - == = == — 5+5 9.96 600 120 72.00
5+5 6.64 400 180 72.00
Split wye unequal legs 3+4 8.32 500 105 48.14 — — — — —
Single grounded wye or 7 8.32 500 105 48.14 10 9.96 600 120 72.00
Single ungrounded wye 10 6.64 400 180 72.00
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MVAr 24 36
Configurations S Pt Ver Qcr N Qcomp S Pt Vcer Qcr N Qcomp
kV kVAr | units | MVAr kv kVAr | units | MVAr
Split wye equal legs 6 1+1 11.4 700 36 23.74 — — — — — —
8 1+1 8.32 500 48 23.88
10 1+1 6.64 400 60 24.00
Split wye unequal legs — 3 = = — — 6 1+2 11.4 700 54 35.62
8 1+2 8.32 500 72 35.82
10 1+2 6.64 400 90 36.00
Single grounded wye or 6 2 11.4 700 36 23.74 6 3 11.4 700 54 35.62
Single ungrounded wye 8 2 8.32 500 48 23.88 8 3 8.32 500 72 35.82
10 2 6.64 400 60 24.00 10 3 6.64 400 90 36.00
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MVAr 48 72
Configurations S Pt Ver Qcr N Qcomp S Pt Vcer Qcr N Qcomp
kV kVAr | units | MVAr kV kVAr | units | MVAr
Split wye equal legs 6 2+2 11.4 700 72 47.49 6 3+3 11.4 700 108 71.23

8 2+2 8.32 500 96 47.76 8 3+3 8.32 500 144 71.64

10 2+2 6.64 400 120 48.00 10 3+3 6.64 400 180 72.00

Split wye unequal legs — B = = — — — — — — — —
Single grounded wye or 6 4 11.4 700 72 47.49 6 6 11.4 700 108 71.23
Single ungrounded wye 8 4 8.32 500 96 47.76 8 6 8.32 500 144 71.64

10 4 6.64 400 120 48.00 10 6 6.64 400 180 72.00
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MVAr 24 36
Configurations S Pt Ver Qcr N Qcomp S Pt Vcer Qcr N Qcomp
kV kVAr | units | MVAr kV kVAr | units | MVAr
Split wye equal legs — - == = . — 20 1+1 6.64 300 120 36.00
Split wye unequal legs — — o5 v = — — — — — — —
Single grounded wye or 12 1 11.4 700 36 23.74 20 2 6.64 300 120 36.00
Single ungrounded wye 16 1 8.32 500 48 23.88
17 1 7.96 500 51 24.56
20 1 6.64 400 60 24.00
29 1 4.8 300 87 23.75
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MVAr 48 72
Configurations S Pt Ver Qcr N Qcomp S Pt Ver Qcr N Qcomp
kV kVAr | units | MVAr kV kVAr | units | MVAr
Split wye equal legs 12 1+1 11.4 700 72 47.49 — — — — — —
16 1+1 8.32 500 96 47.76
17 1+1 7.96 500 102 49.11
20 1+1 6.64 400 120 48.00
29 1+1 438 300 174 47.50
Split wye unequal legs - - — = — - 12 1+2 11.4 700 108 71.23
16 1+2 8.32 500 144 71.64
17 1+2 7.96 500 153 73.67
20 1+2 6.64 400 180 72.00
29 1+2 4.8 300 261 71.26
Single grounded wye or 12 2 11.4 700 72 47.49 12 3 11.4 700 108 71.23
Single ungrounded wye 16 2 8.32 500 96 47.76 16 3 8.32 500 144 71.64
17 2 7.96 500 102 49.11 17 3 7.96 500 153 73.67
20 2 6.64 400 120 48.00 20 3 6.64 400 180 72.00
29 2 4.8 300 174 47.50 29 3 4.8 300 261 71.26
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5.2.3.3 ManfSeugumseanuuugaf NSz QUUY Fuseless NIZAUNSIAUE

{ v J v 1 [ [ o w o w y
A15199 5.19 agUwadnsveINIoenUUDYAR N UL Fuseless N3za1sa9U 69 kV iazdoansiiassuoniin 24 1ag 36 MVAr aud1ay Tagiie

YPIANAANTIAUFIFA TUIAY 105% VouTIAUTZUUNTIMUA

MVAr 24 36
Configurations S Pt Ver Qcr N Qcomp S Pt Vcer Qcr N Qcomp
kV kVAr | units | MVAr kV kVAr | units | MVAr
Split wye equal legs 4 2+2 9.96 500 48 24.00 — — — — — —
Split wye unequal legs — — e & o= — 3 2+3 13.28 800 45 36.00
4 243 9.96 600 60 36.00
6 2+3 6.64 400 90 36.00
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{ v v { [ [ o w o w 4
A15199 5.20 agiwadnsveInIseenUUDYARUNUUTZ MUY Fuseless NIZAUNTIAU 69 kV tazdoanmsiiassuoniiv 48 ag 72 MVAr awd1ay Tagiie

YPNANAALTIAUFIFA TUIAY 105% VBT IAUTZUVRR M UA

MVAr

48 72
Configurations Pt Ver Qcr N Qcomp Pt Vcer Qcr N Qcomp
kV kVAr | units | MVAr kv kVAr | units | MVAr
Split wye equal legs - == = == — 5+5 13.28 800 90 72.00
5+5 9.96 600 120 72.00
5+5 6.64 400 180 72.00
Split wye unequal legs 3+4 8.32 500 105 48.14 — — — — —
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{ v v g { [ @ o w o w 4
M3 5.21 agwadnsvoanseonuuDyAR AT UUD Fuseless NIZA1LTIAN 115KV nazdoamsiiasiuoniiv 24 uaz 36 MVAr ad ey Tagiie

YPNANAALTIAUFIFA TUIAY 105% VBT IAUTZUVRR M UA

MVAr 24 36
Configurations S Pt Ver Qcr N Qcomp S Pt Vcer Qcr N Qcomp
kV kVAr | units | MVAr kv kVAr | units | MVAr
Split wye equal legs 5 1+1 13.28 | 800 30 24.00 — — — — — —
6 1+1 11.4 700 36 23.74
8 1+1 8.32 500 48 23.88
10 1+1 6.64 400 60 24.00
Split wye unequal legs — — ~= S — — 5 1+2 | 13.28 800 45 36.00
6 1+2 11.4 700 54 35.62
8 1+2 8.32 500 72 35.82
10 1+2 6.64 400 90 36.00
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YPNANAALTIAUFIFA TUIAY 105% VBT IAUTZUVRR M UA

MVAr 48 72

Configurations S Pt Ver Qcr N Qcomp S Pt Vcer Qcr N Qcomp
kV kVAr | units | MVAr kv kVAr | units | MVAr

Split wye equal legs 5 2+2 | 13.28 | 800 60 48.00 5 3+3 | 13.28 | 800 90 72.00
6 2+2 11.4 700 72 47.49 6 3+3 11.4 700 108 71.23

8 2+2 8.32 500 96 47.76 8 3+3 8.32 500 144 71.64

10 242 6.64 400 120 48.00 10 3+3 6.64 400 180 72.00

Split wye unequal legs — — ~= S = — — — — — — —
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{ v v g { [ @ o w o w 4
M135199 5.23 agUradnSveINsoanNIULYAA N UL TZUY Fuseless NTZAVITIAU 230 kV LazdoanIfiassueniin 24 uag 36 MVAr awd1ay Tagiie

YPNANAALTIAUFIFA TUIAY 105% VBT IAUTZUVRR M UA

MVAr 24 36
Configurations S Pt Ver Qcr N Qcomp S Pt Vcer Qcr N Qcomp
kV kVAr | units | MVAr kV kVAr | units | MVAr
Split wye equal legs — - == = . — 9 1+1 | 15.125| 700 54 35.97

10 1+1 13.28 | 600 60 36.00
20 1+1 6.64 300 120 36.00

Split wye unequal legs — B = = — — — — — — — —
Single grounded wye or 10 1 13.28 | 800 30 24.00 - - - - - —
Single ungrounded wye 12 1 11.4 700 36 23.74

16 1 8.32 500 48 23.88

17 1 7.96 500 51 24.56

20 1 6.64 400 60 24.00

29 1 4.8 300 87 23.75
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M3 5.24 agwadnsvoInseonuUDYARUNUUTZUUD Fuseless NIZA1ILTIAY 230 kV Hazdoamsiiasiuoniiv 48 uaz 72 MVAr ad1ay Tagiie

YPNANAALTIAUFIFA TUIAY 105% VBT IAUTZUVRR M UA

MVAr 48 72
Configurations S Pt Ver Qcr N Qcomp S Pt Ver Qcr N Qcomp
kV kVAr | units | MVAr kV kVAr | units | MVAr
Split wye equal legs 10 1+1 13.28 | 800 60 48.00 — — — — — —

12 1+1 11.4 700 72 47.49
16 1+1 8.32 500 96 47.76
17 1+1 7.96 500 102 49.11
20 1+1 6.64 400 120 48.00
29 1+1 4.8 300 174 47.50

Split wye unequal legs = — — — — - 10 1+2 | 13.28 800 90 72.00

12 1+2 11.4 700 108 71.23

16 1+2 8.32 500 144 71.64

17 1+2 7.96 500 153 73.67

20 1+2 6.64 400 180 72.00

29 1+2 4.8 300 261 71.26
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