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Electrical Power System Simulation is a simulator which models a transmission and
protective devices of an actual power system. Simulation parameters and devices were
acheieved using the per unit method. All equipment that was constructed refer to the
principle and the characteristic of actual equipment. The simulation begins from a voltage
generating power plant and a step up transformer in switchyard which steps up the voltage
to a level appropriate to a transmission line system. The final substation includes a step
down transformer for decreasing the voltage to the suppply voltage level. Protective
equipment is installed at switchyard and substation. And the simulation has models
abnormal conditions that occur in a real power system, too. This research is useful for

studying the characteristics of distribution systems, protection systems and protective

equipment.

Power System Simulation

Miss Jarurat  Sinthusonthichat

Asst. Prof. Siriwat Potivejkul

Master of Engineering in Eletrical Engineering

Eletrical Engineering Faculty of Engineering King Mongkut’s
Institute of Technology Ladkrabang
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3. WeanseMIae (Line to line fault) Rasunnmsiaeas i 2 @y fams
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$119U 2 00 AamsanII Rt IaTauRIE Samnd 14

TumsanumsifannuRalnauuua1e snduuuuns e Suiudoudnluses

pansenouaNINAS (Symmetrical components) idunou

NN 11

ny-a eoad

NN 12

a o « L4 L4
Faifia lav-y-n31nd Wead




NN 13

Weansznia

®©
®af

® zf

If
i

AN 14

a

ar 4: [ 4 o o
auialavi-y-ns 1 eaa

@©
fal

4 e

lfc

23Rz NBUANNIAT (Symmetrical Comeponents

A e

v (©) y (0) \,(0)
a b c -

C

2214
v =vOy O, O

V. =v. Oy Dy @

v, = v Oy Oy @ (2.11)
o v. 0= v,Osv®

vb(1)=azvfl) Vc(1)=aV,(‘)

v, Py @ v Oy @ (2.12)

fnuald a=12120°
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V. =y Oy W,y @
Vv, = V‘(0)+a2V.<l)+aVa(2)
V, = V‘(O)+aVa(l) +a2V‘(2)

innidoulugvesmadnde:1d

vt 1t 1 v,(o)

V,i=] 1 a2 a V‘(l)

v, 1 a a2 v,(z)

3o

X R T A
V.(l) = —lj- 1 a a2 V,
_Va(z)_ _l a2 a | | Vc_
Va(o) =% (VHV,+V)

Va(l) =-:l; (Vn+aVb+a2Vc)
e

] 2
\9 (V+a"V,t+aV)

dmnfalugdvesnszuass Wiy
I = l“(0) FIORIC)
L= 1O +82I.(1) +aI,(2)

b

L= 1O 0,2,

. +a la
<~
niv
Ia(O) = l (In+lb+1c)
3
Ia(l) =1 (Ia+alb+a21c)

3

19 = | (4l 4a)
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Ih(o) 1 NY I ) 4
1
Ifa(l) §55 = a(z) 0
lh(z) 1 a(z) a 0 ..(2.19)

nnaumsn 2.19 wld

fa fa fa ___Ifa
3
I 3 Ifa(o)
Vi = 3Zr1f=(0)

VINAUNITUTIAUNYANANIT A0S
0 0
v O _ ‘Zu( ), ©

v oy OO

v @

ka = -Zkk(z)lfa(Z)



Ve = vh(0)+vkn(l)+vka(2)
- vz, O O, @) O
- 32,0

n3ie

-

v, = @Oz, 0iz @379, ©

wld

©

fa

I fa = lfa S Vf

1 2 0
zu( )+zu( )+zu( )+3Z, ..(2.20)
- MSUATIETATTIAANITAAIINTTENINAY 9INNNT 13 1AAN1TAR0TTEnIe

wld

I,=0 Iy = Iy Vie Vie = 1Z;

Q

diefialu Components

7,07 A 1 o]

1 1 1 0
1
Ih(l) = ; 1 a a(z] I,
lh(z) 1 a(z) a 1, .(2.21)
Ira(O) =0
L0 @

o2 1 @aumsitiu
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fa fa

Zu(l)*‘zu(z)’fzf ..(2.22)

a d oS a o [Y) ﬂ:’ 'd 4 o d' o
- msamiwnnsmmﬁﬂwﬂmwixmvﬂumn"lau-u-nsnu Weaa INNINN 14 1NA
MIaneessenaa b Aud ¢ asnsad
oe'ld

In=0 5 V= V= I+ IZ,

o’ J A
INMIAANITUVVTATONIN 1,,(1) lﬁ(z) 1,3(0)

@qsil
D - v,
2O, 7. @ O,
7, Pz Vusz. (2.23)

| Ry oA L z, O3z, ]

fa

Zu(2)+7~u(0)+32f W (2.24)

—

R 2, WL ) oy R

fa fa kk

7, Pz sz, .(2.25)
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A 4
Read
Rated Voltage, Rated
VA, Length, Resistance,
Inductance and
Capacitance of Real
System

Read
Rated Voltage
and Rated VA
of Simulation

System

A

Calculate Base on
Real System

3

Calculate Base on
Simulation System

Y

Calculate Total R, L
and C Per Phase

Calculate R,Land C

in Per Unit
>80 > 240
Length : 80 »<_ Length : 240
<80 l <240
y
Find Constant Find Constant Find Constant
A B,C,D A, B,C,D A, B,C,D
of Short Line of Medium Line of Long Line

v
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UHUDIN 17 (AB)

_@___

A 4 y
Calculate V, I
of Simulation
System

Calculate V, I
of Real System

) 4 y
CalculateR, L, C
of Simulation
System

CalculateR, L, C
of Real System

Write Result

End
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Data of

/ System

Simuiation

Less than/Equal

4

Length : 80

More than

Read
C

simulate

No Change

C

simulate

Calculate Base
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O

Calculate Base on
New Simulation
System

Find Vg, I
of Simulation System

y

FindR, L, C
of Simulation System

Write Result

<

End
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InMIAIINMNTuRsUAIR WA 17 taznmdl 18 ez ddeyavesmsdslissazondil

993 Short line

AIMYIAY 26.766 km FHUATY Pheasant
AAATTUVLIY 100 MVA 230 KV
WAATTLUYIADY 1500 VA 415 VvV

A ines szyueSe R=10254 Q L=34681 mH

AN RS szuudInes R=02811 Q L =7521 mH



1495, Medium line AB99SUBY  TC-network

ANE A 207.192 km FUANY Conder
ANATLVVLTY 100 MVA 500 KV
ANATTULT 10D 1500 VA 415 V

s eesszunese R = 160988 Q L =3051227 mH C/2 = 0.8060  UF
Amsiimedsrusaes R = 07393 Q L =140132 mH C2=175499 pF

wdou . R=07208 Q L=136628 mH C/2=180000 WF
7995 Medium line @D2993UUY  T-network

AuEMaw  207.192 km Aty Conder

ANATTUVI 100 MVA 500 KV

AARTTUUTIABY 1500 VA 415V

A ARSIz UDeSe  R2 = 8.0494 Q L2 =1525613 mH C = 1.6120 UF
Amsimedssuudiaes R2 = 03696 Q L2 = 7.0066 ~mH C = 350998 WF
Wi C., R2 = 03604 Q L2 =68314 mH C =360000 WF
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Hoefudildluse mJﬂsamaﬂmnummwﬂﬂﬂwammnﬂmu Tunissrand ldir0esgunsal
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0.9 0.4 7.25 8.056 x 10°
1.8 0.8 14.50 9.056 x 10°
2.7 12 21.76 8.056 x 10°
3.6 1.6 29.01 8.056 x 10°
45 1.9 34.45 8.058 x 10”
5.35 23 41.76 7.806 x 10°
7.2 3.05 5530 7.681 x 10°
9.0 3.8 68.90 7.656 x 10°
11.6 4385 87.94 7.581 x 10°
143 6.0 108.79 7.608x 10°
= NN, - 4/510 7.843x 10°
9’!151\1% 7

pan1snaaaunTenlainsLuauuIa 320/5

0.9 0.6 10.88 12.089 x 10”
1.8 1.2 21.76 12.089 x 10°
2.7 1.95 35.36 13.096 x 10°
3.6 2.6 47.14 13.094 x 10°
4.55 3.36 60.74 13349 x 10°
535 3.9 70.71 13.217x 10°
7.2 535 97.00 13.472x 10°
9.0 6.7 121.48 13.498 x 10°
1.7 8.8 159.55 13.637x10°
14.4 10.8 195.81 13.598 x 10°
= N/N, = 41255 = 15.686 x 10°
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100 3.94 25381
110 4.33 25.404
127 4.99 25.451
135 5.30 25.472
150 5.90 25424

a = N/N, = 990/39 25.385
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Calculation Receiving End % Error (%)
P (W) Ve (V) I, (A [cosd, | P Ve I, cosd,
170.6 99.2 1.72 1.0 8.3 7.25 1.16 0
315.9 149.0 2.12 1.0 4.9 4.02 0.94 0
493.3 198.9 2.48 1.0 3.5 3.49 0.00 0
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Calculation Receiving End. % Error (%)
PW) | vV, V) I, (A) | cosd, P \'A I cos{,
171.2 98.5 1.82 0.955 6.1 6.6 3.9 4.5
3224 148.5 2.30 0.944 5.5 4.4 6.5 5.7
500.6 198.5 2.70 0.934 3.8 2.8 7.4 6.8
705.4 248.7 3.11 0.912 1.7 23 8.0 9.4
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Calculation Receiving End % Error (%)

PW | v, ) | 1, (A [ cosd, P Ve I, cosQ,
171.6 98.2 1.83 0.955 6.4 6.3 4.4 45
314.0 148.7 222 0.951 3.0 4.5 32 4.9
492.2 199.0 2.62 0.944 22 3.0 4.6 5.7
698.6 249.0 3.02 0.929 1.1 25 5.6 7.4
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