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POWER SYSTEM SIMULATOR 1

MR. KOKAEW PIKULTHONG
MR. PONGSAK WINYUTRAKUL
MR. SIRIWAT POTIVEJKUL M.ENG ADVISOR

1987

Abstract

It is neccessary to study either. normal conditions or
abnormal conditions of electrical power systems and how to prevent
all damage to transmission lines and. equipments and interruptions in
generation following the cccurrence of a fault. Measuring directly is
the simplest method but that i§ uncomfortable and dangerous in
practice and measurements are also always expensive. The better way
is making simulating systems from real systenis. This will be
achieved by using "Per Unit" method, all variables are built into
lower lezelv‘which equipments -and measurements easily find in
laboratory can be used. To study from these simulating systems will
save both lives and expense. However all values that have been
measured in simulating systems will transform to real system

correctly and then we will know all in real system. The detail of

all topics above are contented in this thesis.
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nnJuh 2.4 njfﬁﬂzuuuumaoa1ﬂ1wﬂ1udauLﬂa wuuifenin  Equilateral
Spacing faTrtit ab = bc = ac- = D

'Y ' o 8 8 {

R eR nfuuan1ua1uLwanoawuuuauqaa (Balanced)

I+ 1, +1_ = 0

(1 8 U A -4 ' I o
nouuﬂ1ﬂ1ﬂuluuﬂ1u11uunaexﬂaavLn1nuuun

L, = 2x10°  1n (D_/D) (H/m) (2.15)

Tﬂﬂﬁ H
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Mg uaiasiam wnnng

Toefia'ly @ a, b uar c Tovdsde auum1ua§ﬁu§nﬁda aulaTeafienos

) i al t d' t . 8 1 : ]
Lan ﬂ\’fluZIﬁ'\ 2.5 1499310 abc Vlu‘l'liﬂ']ul“aﬂ”ﬁqulﬂq AYUU ARIA l“ﬁﬂquﬂl
' - e Vv L w6 ° @ 1 ; ° o o
usag LwaQ\'l\hl NNt (UaNAIINUY laﬂﬁaﬂ) ‘luﬂ'lfﬂ'lu')ma\‘] BRRIZ N l‘“ﬁinu'] LAQ8 LD

adwmToleS (Transposed) @sdoud fuafidr llddwa'le

7

L. = 2x10°7 1n (D__/D,) (H/m) (2.16)
Tneif :
L, = et ade
D = @iadumetrmeiaTeninenlarosaiadeneatadu

3
MNT S o0,
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it ad g sudar laTA it tesaedor ldrinas ey wFo afuidaresannda

v

wa’
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NQ17m1Q1nzﬂn 2.7 HUTURDU n17ﬂ1u1m1ﬂlﬁuﬂu0 0]

B oo
w1 A D,

D_, = Mutual GMD Tewitoua & lam fu wia b lan
- *[Gb.abrcababn = [gy

D,. = Mutual GMD Tewi1auda b lag fiy e c Tan
= 4J(bo.bc‘)(b'c.b'c') = J;;

D_. = Mutual GMD TewinauMa c lam fiu il s lao
= *|(ca.ca')(c'a.c'a') = J2dh

p.. = *Jp_.0__.D__ = (gy[2dm*'’? (2,17)



8 ". [ 4
mh 2 dwman D,

D,, ﬁawfmqaﬂnzﬂﬁ 2.7 (1 AumiaTa9Lid a atinuavaaii
D,. ﬁa11m1aﬁnzﬂﬁ 2.7 (1) @UMITEILU 8 BEATINATY
D, ﬁaﬁ1m1a1ﬂzuﬁ 2:7 (M) AmiaT0LUA 8 aénuaequﬁuﬁnﬁwunﬁa
f1r= GR tesdnedeusiari %e?uﬁgﬁqu vinfiumue
) p,, = “ler.frrif =lef
D.. = freviorrii = ]r'i
D,, = “leruerris =lr'e
o, = =3[p, o, = welrne (2.18)

3 ". o ? a' -]
1"UN 3 AIUMWAIRIANLRUEIUT

L = 2x18”  In (D_/D_) (H/m) (2.19)

()

i 2.7
L]

RNITNIT LAEIN aeawuwsnuwdwﬂdnuLuﬁaﬁﬁﬂmaoﬂﬂﬂdodea7ﬁ ﬁﬁﬂzﬂfwa

ot 1R 1s

angdeduida wininiLea

doqufi 2.8 Tuansdeudae iqaed a1elih 2 1fu (Two-stand Bundle)

Z”ﬁ 2.8 1., 3 LA (Three-stand Bundle) Eﬂﬁ 2.8 9., 4 44 (Four-stand
a' 2 [d 1 a' o d £ [ 1 »

Bundle) jufi 2.8 A. %anq1n1u1mu1ﬂ1n11ugnnaaunnquannun17w1nnﬂ1ﬂutuﬁau

& -4 ' o = - " w @
'ﬂaﬂaqﬂdﬁaq”lﬂﬂn')‘ﬂ 'ﬂuagnu’rﬂﬁ“ llﬂu’lﬁﬁf'\ﬂﬂ')“faq\’afq i\"’lﬂﬂ"l\’ﬂﬂﬂﬂ?ﬂﬁ A7

4
KA1 Self GMD AITNTTUNINIU
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t ¢
Awfu a1e 2 1A
p,, = [d @ (2.20)
dmfy a1 3 1l
p,, = [, .d® 2.21)

3 my a1w 4 1dn

p.. = 1.09 *[co_.a® (2.22)
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a11n31wﬁﬁﬁaaaﬁﬂdaazﬁuadanﬁfdad1a1ﬂﬂ1maewzuun1n Toeiawzanads
g1 Awmfuaisdemangiiinit 82 Alaiums a1y i lidesiiuade Teuunnn
nara1a gl 16 n11u31ﬂﬁ1ﬁtﬁm1ua1ﬂde SuaroTennfiuanederesenielnan T
warh Wirwiedina luiianem egendadumald (HaiBmeasfhlansanedesen  Ueing
ATERINa11 58031 wa109 \MafuR (Ferranti Effect)

n17w1é1a11u31ﬂﬂ110aa1ﬂdalﬂﬂ;ﬁﬂ?

ﬁn17mﬁawadatwanﬁﬂaquzﬂﬁ 2.2 Lﬁau1n11u31wﬁ173niﬁo aeds 2 1l
muadndreninsaeds 2 (du Lﬁntﬁaou1a1nﬂseg a, fanede a uarilTeq q, f
Aed b ‘ - .

auA1edndseninaaieds Lﬁaqawnﬂizq a,
V., = (g/2mk.1n (D/r) D) (2.23)

| { ' =
anuAdndTERiaEde LTeenmiTes a,

v, = (q_/2nxi.1ﬁ (r /D) W) (2.24)
Tﬂﬂﬁ :
K = iiaRiR (Permittivity) vavinaty

\§0931n a_ = =q,

V., = (q./21K) 1 (D*/r_.r)) W) (2.25)
A h sewineanads

c,, = ay/V_, = (2rk)/In (D*/r_.r,) (F/m) ~ (2.26)
nlif e, = r, = r (dalimosatede

C,, = mK/In (D/r) (F/m) (2.27

aa’ n ] o o d 1ce
ﬂ‘}'mﬂﬁi)\lﬂ'l‘fﬂ’]ﬂ’l"lﬂ'i1ﬂﬁ'\78ﬂ’ﬂ omzmugnaz (Nt (Neutral) "NBENINRIITY

[ t -1~ 1 [V a'a ld 1
wieaie  wiu  asfifignefuldsnudsudasilingnafiunt (Tap) a79na1y AR
¢ ) - ) a o Vw } o ' ¢ ]
ﬁnﬂfzndﬂeaﬂﬂuuanuqﬂaennu fanfiy  afenleroemuiedndrenineansde 2
o o
v Wirmurgnin 2. 10

ﬂ11u§1wﬂ112ui10a1aﬁu3masLﬁuﬁdwLﬁwﬁu
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c_ = 2C_ = (21K)/1n (D/r)
= 55,6x10 '*/1n (D/r) (F/m) (2.28)
Toeh
K = 8.85x10" ' (F/m) & wmfuond

O—4——0O O————

Co Can=2Cy, Cia=2C,,

TN 2410
u

n11w1d1ﬂ1ﬂ331ﬂﬂ11aaa1ﬂdaa1aLﬂa

a' d.‘ 1 13 1 @
ﬂﬁﬂddﬂWNIQHQGQTLQSQ NWTLHERIITEU I LA LNINY

wae v__ - awnsown liTae

b

Ranmang 2.4 dnarbbhsewineate v,

Wman dngrhiinilesnnisea a, , war q. e q +aq, +q, =0

=

2 161

1

v + V

ab ne

(3q_/2m) .1n (D/r) (2.29)

i 2.11
L'}

a o g
wa'lm'wmgﬂn 2.11 RN

v, = J3V_(cos 30"+ jsin30") (2.30)
v = -Vv__ = [J3V_(cos 30 - jsin30°) (2.31)
V_+V, = 8V (2.32)

ac ab an

v = (q_/21K).1n (D/r (2.33)
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C, = 21mK/ln (D/r) = 55.6x10 "*/1n (D/r)  (F/m) (2.34)
AededniaIaTL e 1
1un11§1uaquﬂid1ﬂ11u31wﬂ1Laﬁﬂaﬂnnwa1ﬂﬁqgnaetﬁu TaeBoi léivnns

&y U 0. 1 o 3
1%138Uﬂﬁuﬂuﬂﬂa0ﬂ1ﬂd0?ﬂﬂ7ﬂ78ﬂ“§? aIuN

C., = 55.6x18 '*/1n (D__/r) (F/m) (2.35)
Thﬂﬁ :

D, = TememaaAEMaLTTIARe Tewinoidarosdadefie 3 (du

amdsd Wi 93TH

n17n1d1ﬂ11u31wﬁ1Luﬁauﬁuuuu10a7Lﬁﬂ1 AR GMD aedaeuundioufiuntun
mAN Lt 1o sA R AN LA 29356
dgayaua umnmiga
ﬁqguﬁ 2.8 %on17ﬁﬂu1mn1d1n11u31wﬁ1 ﬁLnﬁauﬁun17u1d1n11u31ﬂﬁ1maa

< -4 (YA o = | o " v G 2 y_o
ﬂ1ﬂdﬂaqﬂkwan71ﬂ ﬁua%ﬂuqqtﬁu uUUqﬁQflﬂﬂQﬂTOQOQTQ Feaananuingan  afall

19818 r eavdpo et b__

C, = 55.6x10"'*/1n (D__/D_ ) (F/m) (2.36)

1 - 1-3 ua’
A1 D, ¥FMITMIeU

dmfuang 2 1A

j(r.d) (2.37)

D

s8C-

dm¥u A1g 3 du

[ (r.d5 (2,38)

D

8cC

dmfu @19 4

D = 1.09 ‘J(p.d’) (2.39)

sC

2.1.4 muiihith
o 3 ﬁ a b o ) o <
mat wWheosaieds  tlwnrfiwmedfifialioeannlinTeuaia  (Leakage

- a d o o ot v 8 °
Current) naunugnﬁuﬂ n1zua11nau1u§n51ﬂ1ﬂ3n11ﬂuﬂ1ﬁaﬂu1n satnad1ain T



[ ] [-] ‘ I3 [ 7]
2 ldreeniandalun i tare ey ividade

w 4 3 )
2 e 2 ﬁ')‘miﬁm‘li‘i’m’lszuﬁumufiﬂu\lﬂg‘l‘ladﬁ'lﬂﬂd

. M a {0 v e ° v o
asderenonludrig wrsfiinadanee nfvaﬂﬂagaﬂ1oauwtauaﬂogﬂn 2.12

zﬂﬁ g
Amua 1
R = anudumurosaisdenaTesen andamingse Ll
L = euufientiresanedssaTeaent aviiominese
c = nanugTﬁﬁwmaoaﬂﬂdodaiuﬂzn1ouﬁuuﬁvﬂﬁaLwﬂﬁuamauLﬁu
z = SufiueudresanedenaTraenaviemiaena Lid
y = uaﬂﬁmumufmaoanadcdbiuﬂznﬁguﬁanﬁdmdaLwaﬁuamauLﬁu-
1 = @NE12109878a
Z = z1 = (R+ juwl).l
Y = yl = (Juwl.l ;w = 2nf
v, = uréiulthéiune (Sending-end Voltage)
v. = uyedulilaiame (Receiving-end Voltage)

nTeud i3 ndun1e (Sending-end Current)

—
[}

areud W Atanemne (Receiving-end .Current)

-
[}

Turemagdatde bl (i uunansdemaeaue @il 3 treian @

D) ﬁ’lﬂ‘é‘ﬁuﬂxﬁu (Short Transmission Line) A118176171171 80 km
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2) aredeTrarInnany (Medium Length Line)  ANETIOHTENIN
80 km {9 240 km
:3)\_: a8d9seeeann (Long Transmission Line) ANE1NINNTY
240 km
Tuntiiraedederearin uaraediTeaeg1tunaly 1rawn Tl TIuIT-
ﬁnnafﬁnteawaagaéﬁuaﬁﬁLﬂuaquawado (Uniformly Distributed) (fiwwnsifitnad
WuunGY (Lumped Parameter) dnangderearannin  (rasin e sfiiaedlu
Aed9 LT uuuunTEenuA NEI1199A 8AY (Uniformly Distributed Parameter)

8
inuu

2.2.1 agdeTeaean
" SLg . 2, v & A Mia
dmiuansdeTraran wanuaonﬂnnﬁn11u31wﬁ1uﬁaﬂu1n gatiut o ludnan

o [ ] "I. ﬂ‘ o 1 3 o a'
nkuaTﬂﬁw WAUAAIAIINAIUNIL UAEATAVNULIUT ANTUR ﬂdZﬂﬂ 2.13

= Z=R+jwl A

Gen, Vy

zuﬁ 2.13
w £ ' o Y- 1
ﬂ?ﬁﬂﬁﬂﬂ“ﬁfuﬂﬂﬂ0ﬂ78“ﬂ“88“70ﬂﬂ1ﬂﬂ1 Q8ﬂ11ﬂﬂ0u

[ = | ' (2.49)

v

V, o+ Z.0, , (2.41)

tasiradmualian v, (Hudidneds TaefitT1Rain Lﬁ8t71fﬁ17waﬂnaefzuu
naruteduhithdiuma cutedufindnainiadoantiinluih udutaousseuiufndonas)
Wi Lrasan TanAnTesa bihandune uaeutedwlhihfinnaden (oropy lulu
audeudr douesnlwifratemiainialy
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o ¢ . o v
Lfﬁawuﬁfntmﬂu1ugﬂnaoLwtﬁaf aorunsy (Phasor Diagram) lasft Twanfiig

1ﬂ&u‘auﬁu Lagging Power Factor \lﬁﬁqzﬂﬁ 2.14

gﬂﬁ 2.14

2.2.2 sdisesemnhunaly

¢ -4 o v
70QTauﬂaﬂﬁa031ﬂd07¥ﬂ8817ﬂ1uﬂ310 uQ8ﬂ7¥ﬂ8Uﬂ7ﬂ ATNATIUNTIU, AN

wiilsnin  wae n11n31wﬂ1 Tienld

b

o & = {
nuAIN 31u11nlﬁﬂu1ﬂ 2 Wy a9 10?7&”%&3

¢
{ Wy 7 (Nominal-m) uauﬁoafaugaﬂuuu T (Nominal-T) N

: N
werawmminm v (dmulddeni 2,15

Is

—_—

z
STV

=

1
i
[SE3

M

nl<
\l
i
=%

3ﬂﬁ 2.15

) o § ' v ¢ o &
s TeninonTeuauAsu T e 29aTaNyatuuy 1 Aew1dd

[}

[l

L1+ (ZY/2)1.V, + Z.1 (2.43)
LY + (ZY*/8)1.V, + [1 + (Z¥/2)1.1 (2.44)
(Y/2).V, (2.45)

Y/2).V,

(2.46)
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1#:
A = D = [1+ (ZY/2)1
v8 = Z
‘C o= Y + (ZY3/4))

£ o vu a
')Qﬂaau'laﬂuun T l'ﬂﬂu\lﬂﬂ\j?"ﬂn 2.16

zﬂﬁ 2.16
audating renitanTeuanaruTosin i v 1oa7an§aéuuu T aewlddel
v, = D1+ (2Y/2)0.V, + (2 + (Z27Y/0)1.1, (2.47)
I_ = Y.V, + [1+ (ZY/2)1.1, : .« (2.48)
[ - IR (2.49)
1
: A = D = [1+ (ZY/2)]
B = [Z+ (Z°Y/8)] \
cC = Y

{8 o ) -1
aaataugaﬂnoaaauuua1u17nLnﬂu1ugﬂmao daus A, B, c uar D ‘l8ged

V., = A.V_ + B.l (2.50)

I, = C.v, +D.l, (2.51)

o v { . >
lﬂﬂnﬂ’)’]uaumiﬁaﬂ VR (¥} 4 I' ‘luZﬂﬁaﬁ Vs iay Is ‘16“&“

v. = D.V_ - B.l (2.52)

1 = A.l_ = C.V (2.53)
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*

(oo ime 1, wae v, Fatrdiaemiaman I, war v,

ANANNTR 2.50 uar 2.51 ald

f = (C.V, + I)/A (2.54)

-8
o v do o < %
dorrmn 1, 18 fl llumeluauni® 2,51 faeldd v,

2.2 .3 FgdeTearen
lun1saman anTeua uasusesu i 2oeanadetitifnnaiining 1379e

[ o . o ‘~ oS
A ludnsueniTad L a0 ThULNTEEAINAINENT Tl daun1sduiwo L TuLBan

. . . [y v £
(Differential Equation) uwﬁﬁﬂqunﬁfqnzﬂuuu o W ldanufnius o enTeud

o

. =9 , P
uaxuiqau1wﬁ11uzﬂmae.TatﬂaiTuan (Hyperbolic) leeeil

VB = VR cosh r1 + IR Zc sinh 7l (2.55)

I8 = IR cosh rl + (VR/ZC) sinh 7l (2.56)
Taef :

ZC = Jz/y

A

; % NP o &
Faanan 7oL TaureaTaueiTe S BA TEELE 1) 1oigt ol

¢ d
ITAUYREULY ® <1ﬁn 2.17)

Z' = Z sinh yl - 20X

gﬂﬁ 2,17
Taeh

Z' = 2 (sinh v1/71) (2.57)



y* = Y Ctanh (r1/2)/(r1/2)] (2.58)

‘ !
WaTAwEmEnn T (U 2.18)

Z'/2 22
o
—(_——_—{:::3 | S 1
Vsl Y JLV
zﬂﬁ 2.18
Taﬂﬁ H

Z' = Z Ctanh (71/2)/(x1/2)] (2.59)
y' =

Y (sinh 71/71) (2.60)

2.3 samulbdgin (Per Unit System : p.w)

TzUULﬂaégﬁanﬁﬂuwﬂi Tunrréduaa uas%Lﬂf1eﬁfeuu1wﬂ1ﬁ1§oﬁo§Lﬁaoa1n
andteluinrdn  uarligosfenatfsafu Foamiedten A1 pou (udarada
roeUSanasadndeBe  Feseddndonn  dhuinnaefiuiannatan dﬁuwagmmaeiwu1uﬁ
e pow soedwnfaelddwanlmidiiy e fui uaedoliuFoure sreuuied
gﬁnﬁﬁ1u11i1un117zuu1wﬁﬂﬁw5aﬁﬁa antopn fenfiunsfiednenes  nreua, #dnaa
T uae Sufiueud TeninvraaInizuniiuar Regve sndfouas \Hodoenirdunn
Fo3 LaTedseuy iiihdnde

Tuuutﬂaégﬁn (ot ldugai Widannen a§1u§ﬂuaolﬂaétin6 w30 p.u
109A181959 (Reference Value) Lfu ¢ha1 1wl (Base Voltage) wa3tvuudl
a1 200 kv dnarlidhene 69, 33, 22, 11 KV aefduumfiy  @.345, 0.165,

[ ) 8 _ O ‘ ‘ o _w
.11, 8.055 p.u AUIMNY ﬂ?ﬂﬂﬂlﬁn 34.5, 16.5, 11, 5.5 LloTL7un ANa10U

{ a ' o W s & ' a8 e
wlafginuasdrlan mnefedariduzesditug do youfwely
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o II‘ 1 o [-]
Tureuuliin aefimudasiusrendtouresiu i, nreualudh, dadelwih uae
' o o U’
arSuuand ool
dofusamithuldim  dnteuaidiy Phase Current <1_), A
fulii1ifin  Line To Neutral Voltage (v, drfdalwihifin  volt-ampere

Per Phase (VA,_.) .

4]

It

LanTeud T A cuande i (kvay

wwanTsn i (kv

uasafuand (@ Quausegu i kv ?® x 1000

suamae i <kva)

= cruauesin i Kk ?

vuatae Wil (Mvad
Amfurem ihaiuda anteualiniin Line Current (1), M
uyesulwihiiy Line To Line Voltage (V)

vuafde i kvay

vanTeud il

[3 x wausesnludh kv

Crvanseew i kv x 1000

wadufuaut (@)

wand i <kvay

cluaureeu i kn»?

watd i (vva)
-] a' ‘G’ (-] Uﬂ’
$rundedn waigla seauan lasail

pou areualwin = ateualihafe @

tuanTena i ca)

p.u  Sufuand = Sufuaudate (@

wadatuaud (@)

pou wsediulwin = uredulwihlan xw

twauresin bth <kwo



_25_

fdeliin W

p.u  fdeluh

ruatifa i cavad

[~} o ‘ o -]
p.u  JUOAMU LWIL9T =  Tuoend Lw1tda§ (MVAR)

Ao i (va
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reaeenuna1e Deasdlipluuun sinaneanenliaununeNe LY FatunnTigun
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AR TEarAL

Agdeang 2937 80 maden Magliiuuy 477 ACSR Hawk a7

#17 61.757 km  fm17ian1sarede ludnsae dequn 3.1
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? 260 LM
T
. 260cm) __4' 4 170 M
‘s (TR | S N
b ;
| 275¢m {70cm
a b
f C
' "
A
1
t
|
7R 3.1
] .

s lihuoy AcsR (areh 2 Tunawwan n.o qft 1iln 477 Hawk
[ "3 ) 1] “ ﬂ’
at ldAeen dell
GMR = 0.0289 ft = 0.8809 cm
Lﬁudﬁquénaqu #.9.858 in = 2.18 cm

v lifaflresats = 1.09 cm



ﬂ?ﬂuﬁﬂunﬁuﬂfuuRNTG% 20°c = ©.8357 /1000 ft = ©0.1171 Q/km
: ' v d a e
Lﬂ%ﬂuﬂqﬂQ1um1uﬂ78uﬂﬂfﬂ”qnqmﬂgu 50

anaunsh 2.1 aeld

R $50° = 0.1312 Q/km = 0.2112 Q/mile

de

Lo BuennadunTeuaasuR 50 Hz

NaNATR 2.2 uae 2.3 aeld

R, fi50 Hz = ©.1318 o/km = 2.122 Q/mile
nwnzuﬁ 3.1 D, = 547.08 cm
D, = 561.36 cm
D, = 340.33 cm
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DEF fnsinh(x)= fexpx)-exp(-x)}/2
DEF fncosh(xl)= fexp(x)+exp(-x))/2
DEF fntanh(x}= fnsinh{x}/fncosh(x)
DIM BV(10),BI(18),BVA(18),BI{10),Ir{id)

Begin:

CLs
?“:::::::::::::::::::::::::::===============::::::::::::::::::::::::"
2" POWER SYSTEM SIMULATOR 1

2 1. SHORT LINE : S ¢ 8@ Km

2" 2. MEDIUM LINE : B8 < § { 249D Km

P * NOMINAL nm #

?! * NOMINAL T +*

. 3. LONG LINE : 8 » 248 Km

2 # EQUIVALENT 7w #

2 + EQUIVALENT T +

2 N
?"::::=====:=====:================:=====:====:::::::::::::::::::::::"

input " Length (m) = ";§
ingut " R per unit length per phass = "jRspec

1

input “ L per unit length per phase = “jlspec

if 5 > 88 then

input "™ C per unit length per phase = "jLCspsec

gnd if

input " Base Ygltags (phase) of Real system = ";BV(1)
input " Angle of base voltage = ";0Vs

input " Load current of real system = ";Ir (1)

input " Power factor ({Anglel = ";p.f

input " Base Voltage (phase) of Simulate system = ";BV(2)
input " Base Current of Simulate system = ";BI(2)

CLS

if 5 > B2 then

P 7 - Metwork...key ! -or- T - Network...any key "
input dc

end if

REN 1111} Real Systea I U U

kind$% = " Real "

Rreal = Rspec * 5

Lreal = Lspec # §

Creal = Cspec *# 5

flreal = 2#22/7%#30*%Lreal

Yreal = 2%22/7%#5@#%Creal
OYreal = 9@%22/7/180

Ireal = sgr(Rreal”2 + XLreal"2)
0Ireal = atn(XLreal/Rreal)
if 5 > 248 then goto Longreal
if § {= 248 then
if 8@ < 5 then goto Mediumreal
end if
if § <= 88 then goto Shortreal
Shortreal:
Type$ = " n "



CLS 2

? " Z "
" Is r + 1 Ir "
? " p=r——=/\/\N/\N——{({({(~=——p=D=—q *
7?0 R L ! re
20 ] fLi"
? " Vs vr 101"
? o l l ‘ A l f
? " | {ot®
7 % | ‘LT R
?2 "0 -==0 400
? " i
? "-% Real Systeam 3- {per phase) “
') 9 1

p.f = p.f ¥ 22/7/188

0Vs = 0OVs ® 22/7/188

call PI {Rreal,XLreal,Yreal,0Yreal,BV(1),0Vs,Ir(1),p.f,I5(1),0I5,Kind$,5)
goto sim
Mediumreal: .
REM -8 v - Network of Real System @-
if dc = 1 then

Type$ = " wn °
CLS

'? L] Z 0
? " Is = TG 2 B N LS Fe 1 r "
C R e e A A O A e B O s et s Rt N
E | ! R IL L ] F70 ey A
70" Ics fer [ N
? "Ws -+~ /2 £/72 ~+- vr 10"
70 -r— Y/2 treems footare
7 I I o qpi
? "] | { m - Network ) ! rysr"
? 1 D L e 7 D A I | 1]
? H n

? "-8# Real Systeam @3- {per phase) "

p.f p.f ® 22/7/188

OVs Dvs % 22/7/188
gall PI (Rreal, Xtreal,Yreal,0Yreal ,BY(1),0Vs,Ir{l),p.¥,Is(1),0I5,Kind$,5)
goto sinm
end if
REM -8 7 - Metwork of Real System -
CLS

P 172 /2 "
? % Is p=———r- B 1 r *+ 1 Ir !
2 " o=y NN ((({==1==) ) ) ) ==/ \/\/\=——p=D-—
?2 0 R/2 L/2 | L/s2 R/2 I e
7 " . Ic ! Ly
? "Vs g -+- Y vr 161"
72" -T- | jAL"
7" | | ib"
?2 "1 (7T - Network ) | ] Lpd
?7 "0 -1 - ] o
? ® L]

? "-% Real Systea #- {per phase)"

2o u

types = 17"

p.t = p.f#22/7/180



0Vvs

goto sim

Longreal:

REM
then

I e

n

" ‘
n ‘
" V 5
a '
" I
a 'l
Y
Oy
lc

3 a3 D ed ) ] ) ) )

0ic

a==Y=—p=y=———|

o-

0Vs * 22/7/1880
call TEE (Rreal,XLreal,Yreal,DYreal,BV(I),DVs,Ir(l),p.f,Is(l),DIs,KindS)

-® 7 - Network of Real System B-

"

1

Is IL

Ics
r=+=
| | | |
! | Y /2 ‘
L_T._J

| { 7 - Network } |

i

sqr (Zreal#*Yreall/S
(0Zreal+0Yreal)/2

sqr (Ireal/Yreal)
(0Ireal-0Yreal)/2

yl =y * 8§

yli

yl#cas(0y)

ylj = yl*sin(0y)

CoshYli
Cosh¥lj
call
SinhYli
SinhYlj
call
ki

fncosh{yli)*cos(ylj)
fnsinh(yli)*sin(ylj)

Arngle (CoshYli,CashYlj,Cosh(yl),0Cosh{yl))

fnsinh{yli)#*cos(ylj)
fncosh{yli)#sin(ylj)

fngle (SinhYli,SinhYlj,Sinh(yl},0sinh{yl))}
Cosh¥Yli -1

REM : find tanh (x/2)

¥2 = CoshYlj

call Angle

(k1,k2,k,0k)

Tanh{yl/2) = &k / Sinfityl)

OTanh(yl
1
071
Y1
oYt

Rreal =

fLreal

Creal
Olreal
0Yreal

call PI (Rreal
goto sinm
end if
REM
CLS

(IR IR RS BRI RO N

12) Ok-08inh(yl)
Ireal*Sinh{yl)/yl
DIreal+DBSinh{yl)-0y
Yreal#tanh(yl/2}/(yl/2)
OYreal+0Tanh(yl/2)-0y
I1#Cos(0Z1)

11#S8in(0Z21)
XLreal/2/22/38%7
Yi

Yreal/2/22/350%7
0z1

0Y1
,XLreal,Yreal,0Yreal,BV(1),0Vs,Ir(1),p.

-8 T - Network of Real System R-

n

Ir

1'/2 b-—-0==>=1
bt md { rt"
lLlll
'Dlll
{AlY
IDIII

r—t= f
vr
Yl |

L—p—d |

£,Is(1),01Is,Kind$,S)



?2 “ | (T - Network ) | 1 b
S, PSR L P pm—
71 = Ireal#*tanh(yl/2)/(yl/2}
011 = 0lreal+0Tanh(yl/2)-0y
Yi = Yreal#*Sinh(yl)/yl
0Y1 = OYreal+0Sinh(yl}-0Oy
Rreal = Z1#Cos(0Z1)
fLreal = Z1#Sin(0Z1)
Lreal = XLreal/2/22/358+%7
Yreal = Y1
Creal = Yreal/2/22/350%7
0Ireal = 071
OYreal = 0OV1
call TEE (Rreal,XLreal,Yreal,DYreal,BV(l),DVs,Ir(l),p.f,Is(l),DIS,KindS)

sime

REM H Ul Siaulate System. HY¥H (I

BI(1) = Is(l1}

BZ(1) = BY(1)/BI(1)

BZ(2) = BVY(2)/BI(2)

Ir(2) = Ir{1)#BI(2)/BI(1)

~ Csim = Creal*BI(1)/B1(2)

&
kind$ = “ Sim "
Rsim = Rreal#*BZ(2)/BI(1)
Lsim = Lreal*BZ(2)/BZ(1)
XLsim = 2%22/7+30#Lsin
Yeim = 2#22/7#38%Csim
OYsim = 92%22/7/180
Isim = sqr(Rsim™2 + XlLsim"2)
DZsim = atn(XLsim/Rsim)
if § » 240 then goto Longsinm
if S <= 248 then
if 8@ < S5 then goto Mediumsin
end if
if s <= 8@ then goto Shortsinm
Shortsim:
? L "
? "-% Simulate System B- {per phasa)"
7 "® "
p.f = p.f%22/7/183
OVs = OVs % 22/7/180@
call PI (Rsim,XLsim,Ysim,OYsim,BV(Z),DVs,Ir(Q),p.f,Is(Z),DIs,kindt,S)
Ls = Lsim#1009 : REM milli henry
Lr = Lreal*1020
print using “Rreal
print using "Lreal

R4, 444 (@) ";Rreal,Rsin
$48, #4844 (aH)";Lr,Ls

BR48. 488 () Rsin
488, 48%  (nH) Lsim

iw o
i

'? B e e e e e e o vt e  m  hm o e T .  m  m e s e e e
goto sys
Mediumcim:
Longsim:
? n "
7 -8 Simulate System &- {per phase)”
Ls = Lsim*1000 : REM milli henry
Lr = Lreal*1000
£s = Csim%lebd : REM micra farad



£r = Creal*leéb
Re = Rsim
Rr = Rreal
REM -8 1 - Network of Sim. Systenm B-
if type$ = “ m * then
p.f = p.f¥22/7/180
pVs = OVs * 22/7/1B@

call PI (Rsim,XLsim,Ysim,DYsim,BV(Z),OVs,Ir(Z),p.f,Is(Q),DIs,kind$,S)
print using "Rreal BhEH. HEE Q) Rsim = Hd, #4%4 () ";Rr,Rs
print using "Lreal B4, 88 (mH) Lsim = k44,888 (aH)"3Lr,Ls
print using “Creal ShuG REE (pF) C/2 sim = 44#.4%¥ (pF)";Cr,Cs/2

input "Do you want to change C/2 sim only & I Yes, key...1 1 "; dc
if dc = 1 then
input " C/2 sim (pF) = “;C
Csim = 2%Cxle-6

BZ(2) = Cspec#S#BZ(1)/Csinm
BI(2) = BV(2)/B1(2)
"Ir(2) = Ir{1)*BI(2)/BI(1)
goto Al
gend if
goto sys
end if

REM -B T - Network of Sim. System H-
p.f = p.f%22/7/180
DVs = OVs % 22/7/188
ctall TEE (Rsim,XLsim,Ysim,OYsim,BV(Z),DVS,Ir(Z),p.f,Is(Q),DIs,kind$)
print using "“Rreal BRus HBE  (R) R/2 sim = #4#.##% (R)";Rr,Rs/2
print using “Lreal gasd. 444 (aH) L/2 sim fad. 4es (mH)“jLr,Ls/2
print using “Creal GhHg. BEE (pF) Csim R, 448 (pF)";Cr,Cs

Honou

input "Do you want to change Csim only ¢ [ Yes, key...l 1 "; dc
if dc = 1 then

input " Csim (pF) = ";Csim
Csim = Csim¥le-6
BZ(2) = Cspec*5#BI1(1)/Csin
BI(2) = BV(2)/B1(2)
Ir(2) = Ir(1)#BI(2)/BI(1)
gato Al
end if o - o & - —
gys: REM BE END PROGRAM EH

input “ Press any key ";5%
CLS : REM Change Value of Simulate System to Real System
input "Change Value of Sim.System to Real System :[ Yes, key..l 3";dc
it dc = 1 then

input " Load Current of Sim. System = ";Ir(2)

input " Power factor [Anglel = ";p.f

input " Sending-Voltage of Sim.System = ";BV(2)

p.f = p.f#22/7/180
Kind$ = " Sim "
? # "
7 “-B Simulate System H- (per phase)"
? w "
if Type$ = " m " then

call PI (Rsim,XLsim,Ysim,DYsim,BV(2),DVs,Ir(g),p.f,Is(Q),DIs,kind$,S)
goto A3
end if



call TEE (Rsim,XLsim,Ysim,0Ysim,BV(2),0Vs,Ir(2),p.f,15(2),015,Kind%)
31
rii) Ir(2)#BI(1)/BI(2)
p.f = p.f*22/7/189
Kind% = " Real "
') “ [
? “-R Real System E- {(per phase)"*
‘) w
if Type$ = " w " then

ctall P (Rreal,XLreal,Yreal,0Yreal BV (1),0Vs,Ir{(1),p.f,Is(1},01Is, h1nd$ 8)
')n _________________________________________________________________

goto A4
end if

call é§i>(Rreal,XLreal,Yreal,DYreal,BV(l),DVS,Ir(I),p.f,Is(l),DIs,Kind$)
4:

inp " You will change again @ [ Yes, key...1 1 ";dc
CLs

if de = 1 then goto A2
end if

input " If you want to use this program : key...! ";dc
CLS

.
-+
=
m
]

1 then goto begin
_.je_’ﬂ__qh_’_,,_ —_— - = A" 5 CY\A o_} MAIN pvﬂg
REM -B SUB Angle H- :
SUB Angle (i,j,Amp,0Anmp)
Amp = sgr (i%2 + j~2)

if i = @ then goto 8§

OAmp = atn (j/i)

if i { @ then goto Add

goto Still
S8
if j » @ then goto DD
0Amp = 33/7 : REM 278 ‘c
goto Still
DD:
DAmp = 11/7 : REM 98 'c
goto S5till
Add:
OAmp = DAmp + 22/7 : REM add 188 'c
Still:

. end SUB————""" and °§ TUB ANGL
REM -H SUB Power R-

SUB Power (Vs,OVs,Vr,0Vr,l1s,0Is,Ir,0Ir,P.S,P.R,0.5,8.R,P.L,kind$)

OVs = 0Vs*22/7/180
OVr = OVr*22/7/188
0ls = 0Is#22/7/180
0Ir = 0Ir*22/7/188
85 = Vs % Is

18s = 0OVs - 0OIs

Sr = Vr % Ir

0Sr = 0Vr - OIr
P.8 = Ss#cos(08s)
.8 = Ss*¥s5in{0Ss)
P.R = Sr#¥cas{0Sr)
B.R = Sr*sin(0Sr)
P.L = P.5 - P.R
if kind$ = " Real " then



print using "Ps =H####. 8488 MU Os =##84. 888 MVAR";P.5/1e6,0.5/1eé
print using "Pr =###4.4%% MW Br =4§§#4. 444 MVAR";P.R/1eb,B.R/1eé

print using "Total Power Loss =###.44%8% MW "{P.L/1eb
goto AS
end if

print using "Ps =####. 44 Ku fs =####. 488 KVAR";P.5/1e3,08.5/1e3d
print using “Pr =####. 444 KW Gr =#444. 488 KVAR";P.R/1e3,B8.R/1e3

print using "Total Power Loss =##84#4,. 8448 watt";P.L
AS:
0Vs
ovr
0Is
BIr
end SUB — _
REM ~@ SUB Volt E-

DVs*1BB/22%7
OVr+180/22%7
OTs%188/22+7
DIr*180/22+%7

ooy

e i — — e

SUB VYalt (A,0A,B,08,C,0C,D,0D,Vs,0Vs,Is,0Is,Vr,0Vr,Ir,0Ir)

LOCAL Vri,Vri,Iri,Ir]

end of sup powy

pl = C*Vs/A
p2 = 0C+0Vs-0A
p3 = Ir/A Io= (CV.+T)/A
p4 = 0Ir-0A sr (et n)/
Isi = pl*cos(p2)+p3%cos(pd)
Isj = pl#*sin(p2)+p3+*sin(pd)
Call Angle (Isi,lsj,Is,0ls)
sl = D*Vs
52 = 0D+0Vs V.= by - B
83 = B¥ls (P BI’
s4 = 0P+0ls
Vri = sl*cos(s2) - s3*cos(sd)
Vrj = sl#sin(s2) - s3#sin(s4)
call Angle (Vri,Vri,Vr,0Vr)
_Eeng SUB . — —— =" ST T eqd o 50B vour

REM -H SUB Pl H-
SuB PI (R,Xt,Y,0Y,VYs,0Vs,Ir,01r,Is,01s,kind#$,5)
REM *% w - Network *#*
Rip = 1 - XL*Y/2

Ajp = R*Y/2

call Angle (Aip,Ajp,Ap,0Ap)
Bip = R
Bijp = XL

call Angle (Bip,Bjp,Bp,0Bp)
Cip = -(R*Y"2)/4
Cip = Y-(XL#Y"2)/4

call Angle (Cip,Cip,Cp,0Cp)
Dip = Aip
Dip = Aijp

call Angle (Dip,Dijp,Dp,0Dp)

call Volt (Ap,0fp,Bp,0Bp,Cp,0Cp,Dp,0Dp,Vs,0Vs,Is,01s,Vr,0Vr,Ir,01r)

Ics = Vs#Y/2

0Ics = 0Vs + 0OY

Icr = Vray/2

0lcr = 0OVr + QY

ILi = Ir#cos(0Ir) + Icr#cos{(0lcr)

ILi = Ir#sin(0Ir) + Icr*sin(0lcr)
call Angle (ILi,ILj,IL,0IL)

OVes = DVsx180/22%7

OVr = OVr+1B8Q/22%7

0Is = DIs*x18@/22%7



DIr = DIr%1808/22x7
Olcs = 0lcs*#188/22%7
Olcr = Olcr#iB0/22%7
DIL = DIL*180B/22%7

if kind$ = " Real " then
print using "Vs =####, 448 (KV) QVs =#{4§. #8° "3Vs/1e3,0Vs
print using *Vr =##8#. 848 (KV) BYr =HEHE. B8 "3Vr/1eld,0Vr
goto A6
end it .
print using "“Vs =####,##% (V) BVs =h#d#. #48° ";Vs,0Vs
print using "Vr =#EES #88  (V) QVr  =#EEE. #E° “3Vr,0Vr
Ab:
print using "Is =#4§#%.488 (R) BIs =H#84.84° ";15,01s
print using "Ir =H##&E. 4% (Q) BIr =H#&E84G.84° "3 1Ir,0Ir
if S5 > B@ then
print using "Ics =#84##. 488  (A) @lcs =###4.44° ";Ics,0Ics
print using "Icr =#4#4. 448 (A) Blcr =##4#.44%° “;Icr,0lcr
print using “IL -=###f. 488 (A) BIL =###4. 480 "3 IL,0IL
end if

call Power (Vs,0¥s,Vr,0Vr,Is,01s,Ir,0Ir,P.5,P.R,0.5,8.R,P.L,kind$)
_endSuB A7 ANV LWP—~0_ N\,
REM -M SUB TEE - end of 50p b1

5UB TEE (R,XL,Y,0Y,Vs,0Vs,Ir,0Ir,Is,0ls,kind$)
REM +¥ T - Network ##
Ait 1-XLxY/2
Ajt = R*Y/2
call Angle (Ait,Ajt,Atee,DAt)
Bit = R#(1-XL*Y/2)
Bit = XL + Y®#(R~2 - XL*2)/4
call Angle (Bit,Bjt,Bt,0Bt)

"

Cit = @
Cit = Y
call Angle (Cit,Cjt,Ct,0Ct)
Dit = Ait
Dit = Ajt

call Angle (Dit,Djt,Dt,00t)
call Volt (Atee,0At,Bt,D0Bt,Ct,0Ct,Dt,0Dt,Vs,0Vs,Is,0Is,Vr,0Vr,Ir,01Ir)
Ici = Is#cos(0Is) - Ir%*cos(0Ir)
Icj = Is¥sin{(0Is) - Ir*sin(0Ir)
call angle (Ici,Icj,Ic,0Ic)

OVs = 0Vsx180/22%7

OVr = OVr*180/22%7

Ols = OIs*18@/22+7

OIr = OIr*180/22%7

OIc = DIc#180Q/22+7

if kind$ = " Real " then
print using "Vs =###§. 448 (KV) QVs =4#d8.88° “;Vs/1e3,0Vs9
print using "Vr =####. 448 (KV) QYr =#444.84° ";Vr/1e3,0Vr

goto A7

end if
print using "Vs =###4. 444 (V) BYs =#4d4.H8° “3Vs,0Vs
print using "Vr =####. 484 (V) QVr =##&%.48° “;Vr,0Vr

A7:

print using "Is =##44.4%% (A) 0ls =####.44° ";1s,01Is
print using “Ir =§&4#. 8448 (A) Qlr =§#8#. .44 " 1r,0Ir
print using "Ic =###4.488 (A) BIc =#H###. 448 ";Ic,0Ic

call Power (Vs,0Vs,Vr,Qvr,Is,0ls,Ir,0Ir,P.S5,P.R,R.5,R.R,P.L,kind$)
END SUB
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