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W8 ukgteh, o |
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2. HEES BE | 66KV| 434 269 396
wianld 66KV | 403 250 36.3 |

LU KRS GEsttin o o 34.6 214 315

BT ATIRAS) LKA S Estetn 2oh Lol 154KV| 116 72l 106

3. K ke REflae] HE He -Eehel A “ 66KV 43.3 268, 394
BT A o A SR s s 0 0 7 841 m2 TS
). O A 5.5 3.4 \ 5.0
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wile) Kb domiRel siek. A o7 39
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®1. 28

=

2 %
13——4—-—3

il i

: i

ol ol Miffisle A G

digital computer & {#)]

—_ 60 R

afie £ LR K

K(%) rcase l(MW)case (MW

‘75 0
50.0
50.0
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% NEAC2203 (114 i K K h#ED
memorv(GAREw R 2,000
ATEREENCT R NEED L 3.7~ 6.1 ms
¥ %L 5.5~ 7.9ms
fe %% 9.4~10.8ms
By 0.12
1. Basic power flow
B constant ¥iEe] B R = data§ 7] B3t T
% DS MR
Digital computer ol {8 & i S8
7slol glevt = i)t Ward & Hale (Tell {43 nodal-
method* o (ka7 2 sheich. FIMNENEE & f{h‘ .
W% (101 26, Sx 7 £0.03% LA S0l 2w #hA] 7 55
71E e
% Nodal-method off 3t THHRTE
AIEE. Vo] 75. p¢ ]l] pp 398~404 1956.
L= V} mez(ka JBkn) (em+jf m)
Y i =Ghim—§ Bim
k—m Node K 2| self-admittance
[k m Node K—M 4 mutual admittance

-

e
Wi=Fs - I*=Pi' 7 Qs a-2>
Pr—exZ(Ghm €m—Bm fo) +[£2(G i frnt-Brw: €m)
Qr=13Z(Gim em—Bim fm)—~erZ(Gim [+ Bim em)
o] 7] A - -%599) node o] IRtz A=
e) {Ers) &b Pseeeee R MR
(2) Pes ‘1—3 Qkx"“'""i»’{?ﬁj Va
wWeba fiiel % nodewME Ex & Mwsted (1D
(1—2);&9_:1 e % node & W& k3t o] A
FES NEWR, FEEE e REE sldEE
’175& PR E sk A A DAY A RS
o4

=& Fhoh

(i) &fR f51E

APk=Pr.— Py

ko:ka O —0 Ey 510 (ertze)H7(feEx)
= PrsjQrs=(FEss--IEx) (- Yax JEO*

APr=Prs— Prz=ci(er Gri—~fa Bek+an)+Er(—exBik

- fx Gkk—bk)
AQk=Cks—Qk=ck(—ek Bre-+fu Grk—bk)

- 5r(-—ek Grk— Brk--ak)
oo Al R AE Fol ek Sk 7 g o
(i) BEMHF BIE
A Erl e Eps 2= | Exi*
APk=Prs— Pk
Bkt Er SER|1P— Ex*:=2en

—0 E'x %511

k2 fe Sr

— 61

APk=Prs— Pr=:cr(er Grk--f Brk—~-ar)+~Ek —ek Bre
+f& Gre+br)

bFidikoz ¥ e, &7} hEd o
Wim=Fk Tem* = FEe(Ex—Em)*(= Y kn)*

Note iR &0 Inuik

Ikiy=FEpo-n+adEs .
o, B—YRKIE R 1.0~1.5 #E

L GPEEel MR R ) gHe OB 2o 2
ulol 2ol FERME OME (1% 152 A i 28bus el HE
o st =t

W el @A BEERE AN b fifie 2
SR e] EREfle] BT Hlgol (iHi® MR S
o TR HEREN B AR

o9} zbo| %P3l impedence map & ¥ FET
self-& mutual admittance ¥+ F5ol 2= upg} el

Basic flow & ¥¥ w53 & {Mie daa 7} B

et

Line flow

le

iEgi[éﬁgi Pg, Qg,‘ i ‘“‘Pq:

| B ' 201 Pri QLi
. Ipi Ip:
| Egl 268 ZI2R Loss etc.
1. Open circuit impedance
Wik HKNETERTE it o 2 WuEdled R4 capact-
tance [ 59HI% 5 0 condenser B #fifel BfhnAl A
LB MY R AR open circuit impedance
2 impedance map & ¥® #R¥ 4+ AUrh
Lriy H %&51 HMBAHS G Afel 7l Wl e
Wi e ® EEE 24 7 JAHRIBRD.
x4 A% ?érh el impedance F{EIE A B
matrix o] 7 F4 B ket ARl impedance
PERGH ol T
Zom—Gn  Rom—Guw [pu.ffi base on 100 MVA
Zij—Gwm  Ri;~Gn 154 KV
M. Lk &2 data?| HHEH E 01HS &
mste] Tl JEFol w2t B.. & #HE = Uk
#38) ol®l B FsEol| Digital computer % Fiff 3
£ qled] wl ol IS E & A WO LE M
glol 4145 Sor)o Bk
sE @ “Economic operation of
Leon. K Kirchmayer Book chap. 3~chap. 4.
N1 ds o2 BF

power system”

dn= }'1! (g Rej—G,
’ 3D
fnj*}; (Z.L,j/ . R[,f"‘Gﬂ}



o 714 fri=irj+j i’ (3-2)
Z‘Li’Z‘,‘Z.L/' (3-3)
71

o 7] 4 total load current 7z 7} \L#Edfilie] =l Al F (-
=0) Wil s A PA] o

NRL dr=lir|. bir—s 0 =0 HAE WEHS
L0 AT e A e LR, S % vector fifie]] ¢ 1677
& EEed 5 & o

2 K.. H. ®B%F

M
L= i LiZiL;"

Ko ! (1S 1008 O +(Smt-SnOSiD O]

Houn= E,,;IEn [(1+Sm Sn)sin 0m7t '*"(Sn*Sm;‘COS 0mnj
of 7] 4 Sm= %;
an:Qm"Qn:“Qnm
(5] (Kun= $§i matrix) Ha»=2#f{ matrix
]B -3, Awmn I:*:' w ﬁ%

Apn={RGm-Gm—dn—dm) Km» (3-5)
v ~Zk“ Rk*Pm Aynlfg 1 PmHmn(fm - fn)Pn .
w'= v Kon P 36

(5] TAun]—¥H matrix
Zik?Rx=power flow result o 4 ;hEH

TEh) A LB fTHirme) 25~30 A==
A FrAge] e K@ ME 4 OB BEIE M kehed
AR = KM (e - el AR A

dy' =1L Rej—Gu fR5rol i A 0 2 4]

P . 3
do/=ypr: & HOIR 4 ek
= (31, (3 4)°ﬂ 4 imaginary part 7} MEg =
4 n m -
-4 BunR%E
Ll (34), (3-5), (3-6)ellA ilhidt & Big &

Bated loss formula coefficients B, (= ¥ i matrix)

BMN constant (case 1)

0.118856 -~0.()4/982 ~-O 00 5231 )“ - 11.008807
—0.047982) 0.102669 0.024r()7§ (0.003258
—0.006235]  0.0247671 0.260768, — 0.008790
—0.008807 0.003258: —0.008790 0.068394
—0.009920 0.002007 —~0.013002‘ 0.022800
—0.013278 0.000712 -*0014604}} 0.021881
—0.010665] 0.040480 0.018298] —0.000484

0.024067| —0.019344 *0‘014549‘ —0.014259,

0.0169¢ )‘7 —0. 038422 '-0.013783§ —0.015268

—0.018119

= ohesh el alhid & ol
anl:Am" - ZU,Kmn"‘Hmn( fm"fn) 37
I 5 Loss Pr2| Rw%
Pr=P, Bun P, (38
4. NEAC 2203 0l &8t B.. B%
g wksk 3re]l 4% digital computer ¢ Filf e

BTl wifiEShA o

28 12 NEAC2203 ol {8 B, Biadihs] Huis
3] fEIEA 7] A TR
sub-routine & ®|¥8le] 10 I
A 2ol BHEE Bl sk SA o

wle}al 4 TES memory ¥ % 2 basic power flow,

zeiflow chart o] ef. {HES Hl#Y
matrix multiplication

Jfiel & %% sub-routine 8-

open circuit impedances Ti%E3 Bm» 11l HEHRQ
o1t # 9 B, ’f"fﬁg A&l data & leol [1EIME
ATE F dAE = At

GRS Pl data dEffiel s <l ok o

power flow S digital A3l A9l ii% #%
AR A Wr@Rol HAHAAR wrel illis] it

Power flow one-iteration 82 Sec

(nodal method) =0.03% 41 7kA
(60~100¥ #3>
16 sec

Open circuit impedance 20 sec

Buwn JIEL 12 matrix aifli ol g dgeb 1
B 5ol 97 Rl ks KR Buo PRI TSR
o #/ro)9dem high speed puncher out & total

5 5rol %h vt

33 3~ 42 case 1,28 Bun BiE
o #GBIEE -2 Aol

= [z A FFYIHE program sub-routine ‘! power

Self-mutual admittance

AT N

flow Ban» figol] Widlt type out chart -#& Aglch
(1964 7% 12 4 7 H 2%

—0. 009920 —0.013278] —0.010664; 0.024067 0. 016959
0.002007 0.000712 0.040480] —0.019344| --0.038422
—0.013002! —0.014604] 0.018298] —0.014549; —-0.013783
0.022800 0.021881 0.000484] —0.014259; --0.015267
0.049847: 0.049687| —0.002993 —0.017742] --0.018119
0.049687 0.086289 ”‘0-004604y —0.020124 --0.021233
--0.002993] -~-0.004604 0.028547, —0.009701| --0.013452
—0.017742] —0.020124; -—0.009701] —0.053869; --0.040271
—0.021233] -0.013452 **0.0402715 --0.037734

J— 6 2 j—



BMN constant (case 2)

0.0933 245 —(.636697| —0.010079 ~o.o12461i —0.0130c0, —o0.016167  o.cooccd  0.21611)  0.014964
—0.086697,  0.075221]  0.021974 0.603455|  0.000473|  0.000000] —0.014689] —0.029698
|
~0.010079]  0.021974  C.256400 ~o.ocsm21 --0.012832) —0.014313)  0.000000 —0.015040 —0.015574
—0.012462  0.002683] —0.008632  0.066992  0.0222220  0.021174,  0.0000C0, —0.014334] —0.016366
--0.013600, 0001435 —0.012832  0.022222)  0.048461)  0.047845  0.000000 —0.017853 —0.019220
—0.016167  0.000473 —0.014313 0021178 0.047845  0.082282  0.000000 —0.019700] —0.021445
0.0000C0O°  £.000000]  0.000000  0.00C000 070000000 0.000C00]  0.0UC0CO|  0.000000]  0.000000
0.021611, —0.014689) —0.013058 —0.014354 —0.017853 —0.019700)  0.000G00]  (.050240|  0.037053
0. 014%4 —0.020094, —0.015574  —0.016566  —0.016220] —0.021445) 000000 0[ 0.037055 0033525
* 3. Open-circuit 1mpedances Pu base on 100 M‘vA/
ZGa G CGo S EHE 100 MV A base PU i)
S : e BT
: GJ Go [ Gy ‘ G5 ‘i Gg G» ; (g l Gy
S R 1 . ——— R b o
c N7 o 0 0.0 0.02 0.2 0 0.069 0.069
g 0.9002 ~j0.211  +j0.211 —j0.211] 47002 --j044 47044
G: i 0 0 0, 0 g 0 0
_ 0.25905 ; N o
Gy - 58050 “i . ( d ( 0 0
G B . 10.092! 0.051| 0,051 G 0.02 0.02
‘o jO.835 470859  —j.859 /012 < 021l 470211
c. - _ 0. 018\ 0.078 e 0.02 0.02
o “j 0 c-j0867  -hje1Z 470211 +j0.21]
¢ | _ i _ 10109 R 0.02 0.02
s -j0.088  --j0020 +70.211 4j0.21
_ R . _ _ C 0 0
G ! 4050 012 47012
G | . - _ , d 0.094) 0.083
& -+ j0.685  —j0.511
‘ _ _ _ _ _ ) 0.083
Gg \ | i } - ]O 735
ZI i *Gn
i (11 G: Gg “& G4 G:, GG ) G7 Gg l Gg
L 00T . o 002 0.02f  0.02 6 0.069) 0.069
17045196 ’ Y0211 470211 470210 002 5044 7044
| |
7. 1 L0799 a 002 €.02 002 0 0.069. 0.069
27 0.52560 Coben] —jo.211) 4s0211 <7002 7044 —70.44
I. | 0.076369 . ol 002 0.02 .02 A o‘ 0.069 0.069
31 - 70.5060€! | CJ0210 001l 470211 S70.22) 7044 +j0.44
L 0.066604: o ol 002 0.02 0.02 o 0.069. 0.069
: 0,431 | 0211 470211 70210 4 0020 7044 5044
I 0.035 al 0.02 0,02 0.02 R 10036 0.036
56l 40075 |HRIIT RN S 02D S 002 /0276 70276
h 022405 | , |
Lz 0 O Fosen 0 0 0 o 0 0
i 0.129 .
Lq o 0l "J 10-_ 45; o n 0 o‘y 0 0
L 012424 ; !
.Lg & } ]‘)4386 0 \)3 0 ’)‘ 0 0
f . i 0 . N | ,
Ly ‘ U; U‘ —70.282 Y \)1 4] L‘} O 8]
Lo 0.02 A o 10.057 0,037 0.037 0| 0.02, 0.02
nobjooell - ohjozsol 4j0z8) 470289 47012 470211 —j021




|
0Ol

0.02

Le 0.02 J J 00 oostt ool o 002
Fj0.211 | £70.339  470.359  J 40359 47012 4j0.211 40211
Lis - 0.02 0 0 10.092 .0.051) [0.051 0 - 0.02 0.02
+70.211 ‘ CFAOETY jO.359 /0359 +7002 450211 +70211
L _0.02 o 0 [0.051, 0.078 . 0.078 0 _0.02  0.02
+j0.211) ‘ £j0.359  —70.667 --70.667]  +j0.12 +j0.211] -7 0.211
L L 0.02 | o051 0018 0.009 o 002 0.0
+70.211 0 0 0359  +j0.667) 470681 7002 +j0.211  +j0.210
* 4. (A)
RGyi_cn CEMER ) G B (160 MV A base PU {iD)
e e e | 6 6 | e |G G | G
el j 0.11796 0 o 0.02, 0.02 0.02 0 0.069, 0,059
G: | - o 0 o 0 4 0 o} 0
Gy | - — 0.25905 0 9 0 0 0 ¢
G, - — - 0.092, 0.051 0.051) 0 0.02 0.0%
Gs - -~ - — 0.07 0.078 & 0.02 0.2
Ge - - - — — ey ¢ 0.02 0.02
G - - ~ - - 0 0 ¢
G - - = - - - — 0.094 0.083
Gs — = - - - — ; - 0.083
(B .
Rij cn UEREE XD G B (100 MV A base PU 413
G G: | G G G | G | G | G | G
Ly | 0.073486 0 q 0.62 0.02 0.02 oi 0.069 0.06¢
L 0.079962 0, o o.cz§ 0.02 .02 0 0069, 0.062
Ly 0.0763686 0 0 0.02 0.02 e.02! 0 0.069 0.06¢
Ly 0.066004 o; 6 0.02 o‘ozi r,\.ozi 0 0.069 0.069
L5 0.036 0 0 0.02 0.02 0.02) 0 0.036] C.036
L; 0 G 0.22405 o 0 o{ 0 0 0
Lg ¢ o 012013 0 0 0 o ol ¢
Ly 0 o 012424 8 ( o 0 0 0
Ly ¢ o 0 0 o o o 0 ¢
Ly 0.02 o 0 0.037 c.o37 o.oarf 0 0.02 0.0z
Ly 0.02 0 0 0.051 0.051 0.051 0 0.02 0.02
Ly 0.02 0 0 0.092 0.051 0.051 o‘ 0.02 0.02
Ly 0.02 0 ) 0.051 0.078 0.078 0 0.02 0.02
Lis 0.02 0 o 0.051 0.078 0.093 0 0.02 0.02
%* 5. Self & mutual admittances
(Impedences are pu Value based on 100MVA 154KV)
Yii  0.2679— j2.6415 Yeo  0.36188— j 3.7 Yis 3.035— j235.746 . 3.873— j 9,247
Yz 0 — j11.879 Yoo 0 —J 4464 Yiow  4.75— j 20,366 5.144— j 25,975
Yis  0.7443— j 4.531 Yo 6.161—j 27.17 Yir 8.542— j 37.22 3.424— j 20.03
i 0 —J 6.410 Vi 14,327— 7 60.835 Yis 2.304— j 24.36 0.394— j 9.485
Yis 0 — j13.698 Yio 12.20— 725,445 Vi 3.009— 7 7.404 Yo 24.98— j 48.92
Yoo 0 — j3.7878 Vi 7.314— j18.047 Yiow 30217 73,284 Yoo 34807 55.62
Yo 0 —J 5.747 Yiy: 19.19— 778,864 Yo 3116— j 5260 Yooos 10.80— 2 7.42




Y 110 —0.2679-+72,6416
Yo 0 +J 8333
0 -+j 3,546

Vo —0.744 -5 4,551
Y s 0 +76,4103
Yo 0 +713,698
Y g 0 +73.7878
Y- 0 7 5747

Y o5 —0.36188 —75,724
Yo 0 7 4.464
Yin G -7 9,259

Y- —5,8934- 715.269
Vi —14,3274-7 57,576
Yis: —6,3064-1 710,176
Yis

x 6. BENHRIEER case 1

‘ —
PP owwy | Qonvary E

o0y S=Q/P

— 1,007+ 7.871

Yiis — 2,673--713,557
Yiw — 1,1794/5.8603
Yie-ir —3,5706+7 14,506
3 — 2,304 -7 10.48
T3 — 2,667-+-712,239
Yoo — 1,404--71,41637
Yion — 1,605 1-72,4415

Yogrw —1.617 =7 1,867
Yom —1,5118 -7 2,828
Yozony —2.747 —7 13.74

Y5 —0.3939 -5 3,074
Yoy
Yo

—0.2824+j 3,222
— 24.0 -FF 32.0
— 10.80 -7 22,633

] Prcan

QrciMv an)

~ ~

<) mTe Ly | 67.91 2).98 Q- 20
Gi| 2503 2765 103 —1607 110 Ly 43.92 ~125 Q- 280
G» 26.08  45.98 05 ¢ . LTS Ly 40.76| 24.75,
Gs 50.0 13.66 105. 11.39, 0.27 Ly 34.93 212508 THIQ. 7 39.0
Gi| 5007 1921 105. 1227 0.38 Lss 55.21) 21.92 Q 12
Gs| 12020 5801 105 1678 048 L 8.4 | 5.2
Ge 2006 10.50, 104. 1518 B2 Ly 5.5 5.4
G, 50.02  20.2%, 104. 3246 0.40 Ly | 10.2 6.3
G 70.07 3140 104.  —5.87 045 ~ Lu | 25.90 16.0
Gy 35.05 26.11, 104 —8.1L 0.74 Ly 44.43, 718 Q20,6
e ' Lz 4,79 -~ 0.4 Qe 12.0
Lig 11.00 6.79
L 42.93, 25.1
L “M‘ 20.79
En E, * 7. case 1
S T - T B R 3 9
1 1,061 1.061] 1,081 1081 1,081, 1071 1,071 1,071 1,071
2 | — 1.061| 1.081 1.csz§ 1.c81 1.071 1.07 1,071 1.071
3 — - 1.102 1102 1162 1,092 1.0%2 1.092 1.092
4| — — — 1.102 1.102) 1.092 1,692 1,092, 1.092
5 — —| — - 1.102 1002 1,092 1.0 21‘ 1.062
6 | - — — - - 1.081 1,081 1.081: 1.c81
7 | —~ — - = — — 1.081 1.us1! 1.081
8 - —| - - - -- 1.081) 181
9 | - - — - - - - —‘ 1.081
Orr 6 %8
o 2 ] s s s e T EEEE
1 o —1607  —27.48 2853  —3286  —3L.% 1932 10200 —7.97
2 - o —1ae 122 1678 —isa8 —a245 5.87 8.11
3 — — 0l ~0887 5% 5% «514‘ 17.25 19.4¢
4 - - — 0 ~—4.511 —2.91 9.03 18.14 20.58
5 | — ‘ | - 0 1.60 12.54 22.63 24.88
6 — — - - | 0 11.94 21.05) 23.29
7 — *f — - - - 0 9.11 11.33
8 ~ - — — *J - -~ 0 2.24
2 R N N N R R R M
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(1::-Sm SnXCes O

1 A - 6 7| 9
1 oo 2,8 1,160 1,253 1.290) 350 1,370 1471 1.81
2 4,100, 1,452) 1.640 1,772 1,860 1.712 1.781 2,290
3 - 1073 1,105 1.127) 1.14 1.10 1,072 1.13
1 | - 1,147] 18t 120 1,141 1,113 1,205
5 - - - 3 1.2321 1,252 1.162 1122 1,233
6 - - - 1.274 1,186 1.152 1.277
n - - - — - 1.165 1.167 1.277
8 - —! — — = 1.20 1.333
a 7‘ —| - 1.555
£1--Sm EndSin 4, F*= 10
1 - R 4 500 6 7 8 9
0l 0.635 0738 0634 —0522  —0.4966] —0.6595 - 0.6459  —0.3561
2 - O -14607 1848 1226 —1106 1335 13082 —1.0081
3 - 0 0.0i03 02084 0.24%9 01311 0.1670  0.4446
1 - - —i ¢ % peossl 01397 002164 0.06121 0.3386
5 - -1 - O 0.0411) 00747  --0.0317 0.238
6 - — — - ~f 6 —01154  --0.0704 0.203
T - - - | - - 0 0.04196 0.3827
8 - - - -] - 0 0.2966
9 - — - - - 0
(S»-S.) cos O *= 11.
1 s 3 + | 5 6 17 & | 9
i 0 neszel 07576 -0.6244  -05225  -0.4966) -0.6505 | -0.6460 | -0.3561
2 0 . 1146|1348  1.2% d1es | -1gss | 1308 | -1.oos
3 | o 1105 02084 02489 0311 | 01670 | 0.4447
1 0 00985 01397 002163 0.08121  0.3386
5 G 00411 -0.07476]  -0.0217 | 0.2380
s s b -oa1s £ 0.0704 0.203
7 : 1 0 0.04196  0.3327
3 J | 0 0.29657
4 ; ! 0
2 Su-800 Sin G = 192,
1 2 A 6 A T T
1 ) 01824  -0.3833  -0.34z2  -03374  -03013 |  -0231| 01163 -0.0498
2| 0 —0.29411 -0.293 i -0.3608]  -0.3246 | -0.0768 01344 0.1436
3 0 | 00017, 00197 00166 | 00187  -0.0519  -0.157
1 0 1 ocorg 00071 -0.0034  -0.020 -0.1258
5 : | 0 | -000l1s] 00180 001327  -0.1104
5 ! J 0 | 00244 00271 -0.0875
7 | | | ’ 0o 0.0673]  -0.067
3 1 i \ 0 -0.0116
G j | 0
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Konn x* 13

T - 3 s | s 6 | 7 | 8 e
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-2 2. Korean power system impedance diagram

Note 1. Number in red shows load
2. all impedances are in % on 100MVA base
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(case 1D

system loss(total power)

Sig? Pk=16.9072 MW=4.0% of total power
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