CHAPTER 6

LOAD FLOW ANALYSIS OF MEA’S DISTRIBUTION SYSTEM

6.1 Introdﬁétion

This chaphl!"'fi"f »1“: : "SIMPOW"package program.

e load flow analysis is

on MEA network

divided into thre

3) Simulation fééggés;,, )f operation divided into two types :

6.2 Test of the sm!’oapacka?e ﬁrgﬁ‘ EJ ,_] ﬂ ‘j
AR s

computer installed at fourth floor room 405 of Electrical engineering

building. The test is done by comparing the SIMPOW software calculation

with field test measurements, used only 15 buses on "Sapandam area".
(figure 6.1)
Table 6.1 shows the comparison between the SIMPOW calculation

and the field test measurements. Differences up to say 8-10 % are
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acceptable indicating that the SIMPOW software package program can be

used for calculation on MEA network systenm.

Table 6.1 comparison SIMPOW calculation with field measurements

SIMPOW calculation Field measurements - Error
POWER FLOW (MVA) o (MVA) %

r

SD11515-->74 0.005 0.024 4.47
,

SD11515-->77 04026 | 4 0.027 7.40

SD11515-->78 " of048 '; _ 0.041 4.87

SD21512-->79 04025 %{ ' 0.024 e N

SD42508-->78 -0.043: ‘ ;;'ﬁ 0.044 2.27

80-->79 . 0.058 224 0.057 1.75

6.3 Load flow analysis of MEA’s distribution system

The |studded network [is only part (of MEA’sCdistribution systenm

in "Sapandam area". The studied area conSists of :

number' of wodes 183
number of lines 221
number of loads 77
number of transformers 37
nunber of shunt impedances 37

The bus (12 kV) is swing bus and load flow calculation used
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the SIMPOW software package program, executed on VAX-2000 computer which
is described in chapter 3.

The preparation of input data file, network model and how to
run the SIMPOW package program is described in chapter 4.

This thesis will analyze the secondary 1load flow of MEA

' //j divided into a base case and

distribution system. The ana

a set of modifications. ‘he ai o ﬂ dy is try to give answers
— 9 -"-'-»
to the two vital quggg;gaﬁv—“

1) What of operation?

2) Can to the system without

Jjeopardizing the se
.f.f ’;— / ¥ %

The load f ySisic EA network system is divided into

three cases as follow

operation.

A 18l EJ NINBADT s e

" operation 51mu1taneou

QW’]Mﬂ‘ﬁﬁUN%’W’mmaﬂ

6.4 The load flow solution

6.4.1 A base case

The load flow computation of MEA network system in "Sépandan

area" is divided into four sub-areas and with the bus (12 kV) as swing
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bus. The studied network system consists of :

e The eight feeders (12 kV) as follows = SD11, SD12, SD13
SD15, SD21, SD22, SD23 and SD24 supplying 37 'f.ransforners.
(figure 5.3, 6.2)

The load flow solution of the studied network system shows in

table 6.2 and next step is g\ u y * increased loads.
Table 6.2 The Flow ré' ses case)

| T ——
""'n..__ (see also appendix 2.1)

MVAR

3.39412

2.67374

0.34233

8217 6.41028

6.01300

0.39728

3

6.4.2 Simulation of increased loads

The simulation will study the increase of loads at nodes 30,
13507, 21509 and 12525 respectively, because these nodes have more load
than other nodes. The 'simulation shows the power flow in the studied

network area and the question is : How much can the load be increased



without jeopardizing service ?

The simulation will increase loads in the following at :

ammmtu UA1INYIAE

node 13507 (area 1)

original Ioad 0.700
increased 1oag : 1.066
% incre 50 %

0.374

0.800

% increase 110 %
node iy Y

E MW VAR ljJ MVA

original doad = 0.2525, 0.221 0.335

fil-bacid ’lﬁ’limﬁ Woktarl T e

node 12525 (area 3)

MW MVAR MVA
original load = 0.3586 0.221 0.419
increased load = 0.558 0.348 0.656

% increase 60 %

50

N
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In the simulation load vere increased as above from estllablon

as follows.

1) At node 13507 (area 1)

P=0.218
0=0.136
5=0.256
P=0.6 23518
=04
P=&3;1
1=0.200
3=0,378
-
From one- Al  {-ﬁ'ﬁﬁ>f; " The load of transformers

SD13507 and SD2351 A .ﬁﬁ5a 378 kvA and 256 kva
.respectively. The lo _ ; “ingreast ~about 366 kVA. So in the

simulation will the lo

original load ——--—-—-f— 95 MW, Q = o 369 MVAR)

iﬁ; e '!
estimated load inc.xﬁse , .1@1\ 0.244)
total load & s 066,

¢ inressed B4 g ANLNINYINT
amaammumqméi 3

o peozss
- 5-0.276
\\\
- \\
P=0.269 N
0=0.167 s
3=0.316

P=0.313
Q=19
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From one-line diagram as above. The load of transformers SD
11510 and SD42507 (rated 500 kVA) were 316 kVA and 276 kva respectively.
The load could be increased by above 408 kVA. So in the simulation will

the load increase be as follows :

original load (P = 0.318 MW, Q = 0.197 MVAR)
estimated load increa . . 184 + 0.224)
total load

% increased

3> At nod

=0
=01
3=0.318

SUHININTHE DL, o ot
CL 0 NPT R PR (10T

sinulation will the load increase be as follows :

0.335 MVA (P = 0.252 MW, Q = 0.?21 MVAR)

original load

estimated load increase 0.460 MVA (0.278 + 0.184)

% increase ~ 130 %
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* Result from measurement
# Resull from calculation (SIMPOW)

63,36 30.6

3D 11515

SD 24511

’ﬂﬂﬂﬂ‘ﬂﬂﬂﬁWﬂ’m‘i

0043*

L ﬁ_oa ma\mm URIAINYIAY

O Cut out of " Sapandam area " 15 buses
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4) At nodg 12525 (area 3)

12525 5
P=0d
1=0.2 )
S=0,447
q__‘
P=04 1
=02 — 24512
p=0.3
2=0.1
5=0,31%
From one-li

The load of transformers

SD 12525 ‘and SD 245 447 kVvA and 316 kva

respectively. The" o1 1/ § in ﬂ E\\é\\ about 237 kVA. So in the
4

simulation will the

original load 0. 418/MVA (B = 0.356 MW, Q = 0.221 MVAR)
estinated load increase = 0.237 4 (0.053 + 0.184)

% increase

In the ;glulation 0ad ere 1ncreﬂaed as above. The load

flow solut,lolFT ﬁngﬁa% gsﬁ.%(wm ﬁ],sns as follous :
K\a mﬂmﬁwﬁwm 1 S

load

612 kVA

% over load

22.38 %

"

- Low voltage nodes at

voltage at node 43 (400 V) decreased to = 380.228 V
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-

4.94 % (emergency voltage)

voltage at node 87 (400 V) decreased to 379.854 V

5.04 % (emergency voltage)

The standard voltage of MEA network are :

In order to gorrect | yrombler fication were introduces

as follows :

Modif icabpw-
1) Node 21509={area 2)

ﬂUEJ’JT’IEJMW?J’]ﬂ'im

amﬁs‘iﬂm VBV ITRE

% increase down to ~ 80 % from 130 %

2) Node 12525 (area 3)

MW MVAR MVA

original load = 0.356 0.221 0.419



MW MVAR MVA

increased load = 0.500 0.300 0.583

% increase down to ~ 40 % from 60 %

- Over lq/ SD12525 rated 500 kva

380.398 V

= 4.9 %

ﬂ u Eiﬁ EJV]%JW EJ’] ﬁe‘%genc!f voltage)
mt.rodﬂﬁ;i%ta‘ﬁ%ﬁje rﬁle S'Ej ﬂ ﬁu ﬁ é&glcatlon dare

Modification no.2

1) Node 21509 (area 2)
MW MVAR MVA

original load = 0.252 0.221 0.335
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MW MVAR MVA

increased load = 0.470 0.290 0.552

~

65 % from 80 %

5 ’% Rv ,m

% increase down to

can operate withouéﬂ)rob o Astépﬂis the first contingency.

U HANBNINEID T i 1

AMANTUNRIINY A Bhase .0

Total production My MVAR
Productions 10.8132 4.08951
Shunt capacitors - 2.65856

Network generation - 0.35429




Total 10.8132 7.10235
Load absorbed 10.6080 6.59900
Network losses 0.2052 0.50335

6.4.3 The

The first ] '3 -?'*;:F‘Q'n- feeder is disconnected

from the network sy _yw “"\\\\ ion shows as follows :
6.4. ¢ ‘feeder 8D12 disconnected
om the network system. The load

The feeder Sbi2 dis Co: ne.u

flow solutlon ing EJ,.___;_;:;;;Egg;z;:;;:;:zzz%3j appendix 2.7)

Y )

- Over load of the transforner SD 23514 rated 500 kva.

ﬂumwﬂmwmm

load o 50 24 kva

AW A URARNYAY

- Over load lines 51-23514 and 52-24512

capacity of line = 400 A
load = 520 A
% over load = 30 %
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In order to do sonething about this the network system was MEA

did so, modified by introducing two new feeders SD41 and SD43 and the

transformers SD12510 and SD12525 were moved to SD43510 and SD41525

respectively. This solved the problen.

\ ’7}24 disconnected

If the feeder SD24 v ﬁd from the network systen,

the load flow solution

6.4.3.2 The

A‘$ ;%\‘;::TOIIOVS : (see appendix 2.8)

- over loagfoifthe/ Cransforner SD41525 rated 500 kva

cde 0 (" kVA :

ciPac1ty of 11ne

ﬂumwﬂmwmm

% over load = 26.75 %

QW?ENT]?EU UAIAINYIA Y

- Low voltage nodes :

voltage at nodes 52, 57, 58, 59, 24512 and 42524

voltage to - 380 V. (400 V.)

5 # (Emergency voltage)

% voltage decrease
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Modification the network system (after modification in 6.4.2.1)

by installation of new transformer :

- S8D11552 at node 52

- SD11557 at node 57

After these mo i ade the load flow solution

showed that the netwo ' : w- hout problen.

The feeder : ‘,'7 , )n Lhe network system. The load

voltage at nodes 2%4 - ﬂsm V. (400 V.)

%.v tage decrea 5 % (Emergency volt.age)

ﬂUEi’J‘VlEWl?WUWﬂ‘ﬁ

AMASH SIS ST

The feeder SD21 disconnected from the network system. The load

flow solutions indicated problems as follows :

- Low voltage nodes at :

voltage at nodes 33, 42 and 43 to = 380 V.
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% voltage decrease = 5 % (Emergency voltage)
6.4.3.5 The feeder SD22 disconnected

The feeder SD22 disconnected from the network system. The load

———

flow solutions indicated

voltage at node 2 "% emergency voltage)

voltage at nodes '\kg mergency voltage)

Summary

The MEA rk“system - on modified due to the first
contingency resuir;-“-;“--'t =
J

1) Changed’the supply feedet for network transformer from

SD12510 to S%u ﬂdQSMHY] ﬁnﬂq ﬂ j
CVERpputivige D EREE

node 57 is SD11557

3> Installed shunt capacitor
25 kVAR at node 33
55 kVAR at node 72

60 kVAR at nodes 20, 43
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After modification as above the network system can operate
without problem when the first contingency occurs. The next step is the

studied network system increased load when the first contingency occurs.

Table 6.4 The load flow result of base case modified as above
"in the first contingency case.

(Appendix 2.3)

Total production ' MW MVAR
Productions 9.74694 2.98434
Shunt capacitors e 3.01588
Network generation ‘ fj; 1 0.37572
Total 9.74891 6.37594
Load absorbed ' 9.59900 ) 6.37594
Network losses 0.14794 0.36294

6.4.4 The network system increased load when the first

contingency occurs.

The simulation of network system increased load (when the first

contingency occurs) at node 20, 13507, 21509 and 41525 as follows :



1) Node 13507 (area 1)
HH MVAR
original load = 0.595 0.369
increased load = 0.800 0.400

% increase down to

2) Node 30
original loa
increased 1

% increase d

3) Node 21

» GUEANENTNYIN

MVA
0.700
0.894

28 % from

MVA
0.374
0.640

70 % from

MVa
0.335
0.541

60 % from

AANINI AR 1

increased load = 0.500 - 0.300

- ~

% increase down to

0.583

40 % from

62

50 %

130 %

65 %

60 %

The load flow computation of the network system shows problems

as follows :
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1) The feeder SD11 disconnected

The feeder SD11 disconnected from network system and the load

flow solutions shows problems as follows : (see appendix 2.9)

’rrer SD41525 rated 500 kva

%

- Over load of the t

The feeder SDAS j%,fi-‘f e . he network system and the

voltage at node 16 94‘90 V) decrease to = 379.94 V.
-9

FJ] u Ej ’J Qn EJ w {Wﬁ’%}ﬂ ﬁ‘Elergency voltage)
AR DD 71

The feeder SD15 disconnected from the network system and shows

problems as follows :

- oOver load of the transformer SD21509 rated 500 kVA

load = 502 kva
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% over load = 0.004 %

- Low voltage nodes : (normal voltage = 400 V.)

voltage at node 20 decrease to =5 379 V.
5.25 %
voltage a ‘ f;*j:;= { 378 v.
‘ 5.5 %
voltage 10 decrease = 379.9 V.
5.025 %
voltage at 380 V.
5 %
voltagémt oo~ @i} - 1T V.
= 5.55 %

ﬂUEI’J‘VlEWﬁWEﬂﬂ‘i

voltage at node 15611 decrease,

ARIANN I UAIINEIRE

These nodes as above show an voltage below normal voltage

(400 V.) of about 5 # which is emergency voltage level.
4) The feeder SD21 disconnected

The feeder SD21 disconnected from the_netudrk system and shows

ISP



65

problems as follows :
- Over load of the transformer SD13507 rated 500 kva
load 534.54 kva

6.90 %

% over load

node 33/ RN V. (5.225 %)

node 42 L 0 =0 37969 (5.100 %)

node 43 0wt N\ \379 00N, (5.250 %)

node 215 Lol8  \378.24v. (5.450 1)

5) The feeder SD22

— e

g 5
The f eedexﬂbvz om tb@network system and the

load flow solutions shows problems as follows :

- AUYINENINGINT
- Over load of the tfansformer SD13507 rated?500 k

ammn‘m AANERE

load = 543 kva
% over load = 8.6 %
- Low voltage nodes at : (normal voltage = 400 V.)

node 16 and 20 decrease to = 380.3 V.
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14.925 %

node 42 and 43 decrease to = 380.2 V.
= 4.950 %
All nodes are ge level.

6) The fe

The feede network system and the

load flow solution

- Over load of -‘;;*J' mer SD13507 rated 500 kVA
527 kva

4

-

')

o UGN NN
'anm R9NTU NI TRy

In order to correct the problems (as above) modification were

introduces as follows :

Modification no.1

- Node 13507 (area 1)
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MW MVAR MVA
original load = 0.595 0.369 0.70
increased load = 0.600  0.400 0.72

% increase f ; : ‘(/d i o 3 % from 28 %

MVAR MVA

original load' J vi=if) 0.338°% 0.197  0.374

increased loa bbiie 28 4 T B 200 0.447

% ; *.:20.% fros 70 %
]

- Node 21508 starea 2)

ﬂ‘lJEl’J‘VIEWIﬂNEI’m‘i
ammmfuuwrma’mﬂ

1ncreased load = 0.400 0.200 0.447

% increase further down to T30 % from B0 3




- Node 41525 {(area 3) modified by :

MW MVAR MVA

original load

0.356 0.221 0.419

increased load

0.450 0.200 0.492

% increase further ;1‘ L0 ~ 17 % from 40 %

r After modi/. \ . The network system can

operate without pr scond contingency.

v [4: : ,i ~
Table 6.5 ‘adjﬁff solution  of the network system
_ db Y Ae ‘
calculated in base ca gp syst \'“ creased load when the first

contingency occurs?

(Appendix 2.4)

MVAR

Total Eodu
ﬂdum Vlﬂ'ﬂﬁWEJ'lﬂ‘ﬁ 506615

Shunt capacitors 93.01299

o wmmmm EJW]’J NEQL...
q

Total 10.0843 6.45544

Load absorbed 9.9280 6.06900

Network losses 0.1563 0.38644
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6.4.5 The second contingency

The second contingency is when two feeders are disconnected from
the network system simultaneously. The simulation in the second

contingency case will use the data from the first contingency case which

Ifyrk as follows :

1) Changed © : D1 43510

wvas modified due to changes

39 Ins rr:- 'd The shuni

25" kVAR at node 38,

ﬂua@m&wiwaqﬂi

60 kVAR at odes 20 and. 43

ARIANN I um'mma 5

The simulation in the second contingency case will study only
ten cases as followed : |

1) The feeders SD11 and SD12 are disconnected

2) The feeders SD12 and SDZ4 areAdisconnected

31 The feeders SD43 and SD41 are disconnected

4) The feeders SD43 and SD24 are disconnected
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5) The feeders §D13 and SD15 are disconnected
6) The feeders SD11 and SD41 are disconnected
7) The feeders SD12 and SD21 are disconnected
8) The feeders SD22 and SD23 are disconnected
9) The feeders SD15 and SD22 are disconnected

10) The disconnected

The other ¢ : he )éﬂ; lution shows as follows :

Case 5

system simultaeously

as follows : (see ?Er

o FALB T VEART HE  n

U

AAIRIAE DI NP I &

% over load = 3.84 %

2) Low voltage nodes at : (normal voltage 400 V.)

Nodes low voltage level (v.) 7o

16 380.19 4.95




Nodes low voltage level (V.) %
T S 380.38 4.905

43 379.85 5.03

380.09 : 4.98

5.81

(3]
.
©w

5.67

5.105

Case 6 ¢ 'Y, '
4
The feeders SD11 and SD41 are.disconnected@/from the network

BRCY G RHETTH R TRYE T

as follows :
1) Low voltage nodes : (normal voltage 400 V.)

voltage at node 11552 decrease to 378.74 V.

5.315 4%
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376.285 V.

voltage at node 41525 decrease to

 5.93 %

(Energéncy voltage level)

Case 7

e disconnected from the network

The feeders

system simultaneous solution shows problems

as follows : (see ap
1) over lo ‘transforn: |SD13507 rated 500 kv

507.17 kva

voltay at node 33 dérease to " @= 380.1 V.

ﬂUEJ’JVIEWlﬁWEJ"Iﬂ‘i e
ARIRLA T HAGBY| B o

= 4.987 %

(Emergency voltage level)
Case 8

The feeder SD22 and SD23 are disconnected from the network
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system simultaneously and the 1load flow solution shows problems

as follows :

1) oOver load of the transformer SD13507 rated 500 kvVA

565 kVA

5.325

5.300

4.985

5.350

5.250

ﬂum %E%ﬁ%ﬂlﬁe‘ievel
ammﬂim UA1ANYINY

The feeders SD15 and SD22 disconnected from the network system

simultaneously and the load flow solution shows problems és follows :

1) Over load of the transformer SD13507 rated 500 kva



load

517.18 kvA

% over load 3.43 %
2) Low voltage nodes at : (normal 400V.)

Nodes low voltage level (v.) %

1 376.41 5.89
| 5.27
4.985
6.09
6.62
6.31
6.095
5.28
5.37
5.01
5.415

6.19

» (Energency woltage leveD

ﬁummmmmm

The feeder SD13 and SD23 are diseennected from./ the network
systen %Maﬁsﬂmﬁmﬂ m;:.] glngal 1@ ﬂohlems as
follows:

1) Low volﬂage nodes : (normal 400 V.)

voltage at node 16 decrease to = 378.47 V.

5.38 %

voltage at node 13507 decrease to

380.27 V.

4.93 %
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In order to these problems modification (as above) were

introduces as follows :,

[

Modification no.1

- Installed the new tra r as follows :

1)

3)
43

5)

The load flow S0liion of the fletwork system when the second

contingency occurs is it ho 3.‘:;1: except in case (6 and 9)

as follows : "—- . : J:

s

i
8 ININTNYINT

The feeders SD11 ahd SD41 aresdisconnected?from the network

s RIS U NIAATEVRE. & oo

» Case

Low voltage node :

voltage at node 41525 (400 V) decrease to 380.381 V.
= 4.9 %

(emergency voltage)




Case 9

The feeders SD22 and SD23 are disconnected from the network

system simultaneously, the load flow solution shows problems as follows :

Low voltage node

voltage at 379.998 V.
» 5 %
voltage a 380.399 V.
4.9 %

After modificaﬁkg?fﬁgﬂfgg above, the network system had

still problenms. i_—: L€ DIO. ‘:’lodificat.ion (as above)
were introduces as ﬂl‘ 0 ' ﬁ

SN N ITNYINT
ARINSNIRURAINYA Y

q

SD 43551 at node 51

2) Installed shunt capacitor 25 kVAR at node 43 :

original capacitor at node 43 = 60 kVAR
increase capacitor at node 43 = 25 kVAR
total capacitor at node 43 = 85 kVAR
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After modification as above, the network systel can operate
without problems when the second contingency occurs. The next step is

possible increase load when the second contingency occurs.

Table 6.8 The load flow solution of the network system after

Wontlngency occurs.

(Appendix 2.5)
__J

modification as above when %

MVAR

2.42978

3.50166

0.38168

6.31312

6.01300

Network LP%EES 'Y 0.11911 0.30012

. ¢ o &/
oLa/s] Bl dblbab il il VFsbedifloibinseney ocors

The simulation of the studied network system (the second
contingency case)> will study the increase of load at node 30, 13507,
21509 and 41525. The increase of load will use the data in the first

contingency case (6.4.4 modification no.1) as follows :




1) Node 13507 (area 1)

original load 0.595 0.369

increased load 0.600 0.400

% increase
2) Node 30

original | )8 0. 197

increased
4 increase

3) Node 21509 ( ""”'rg

- ——

\‘[AR

originall{g}d i Lo &'0.221

increased lodd. 0. /0.400 0.200
ﬂUEl’J‘VlEWlﬁWEﬂﬂ‘i
1ncrease

MVA
0.700

0.720

3 %

MVA

0.374

0.447

20 %

MVA

0.335

0.447

awwa\anmum'mmay

4) Node 41525 (area 3)

MW MVAR
original load = 0.356 0.221
increased load = 0.450 0.200

% increase

MVA

0.419

0.492

17 %

78
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- The load flow solution of the studied network system with
increased loads (as above) when the second contingency occurs indicated

problems as follows :

1 The feeders. SD15 and SD22 were out of operatidn

simultaneously from the :

problems as follows =

Voltage at no/ | to. “380.34 V. (400 V.)
o

4.91 %

ency voltage level)

order to correct the lem-modif on (as above) was introduces as

follows :

» AUEANININYINS
QRAINIUANANGIR Y,

0.252 0.221 -0.335

"

original load

0.340 0.210 0.399

increased load

% increase down to Y20 % from: T 300 %
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2) At node 41525 (area 3)
MW MVAR MVA

0.356 0.221 0.419

original load

increased load 0.410 0.250 0.480

,,///" 15 % from ~ 17 %
8 WIOV solution still shows

% increase down to

N

were out of operation

sinultaneously fro Metvor oad flow solution shows

Voltage at node atrease too b =  380.1 V. (400 V.)

icy voltage level)

The others ca case are wit.houttproblens In order to correct the

proble .odlﬂ ot g V&) Vs 3ntipdied Fo) earons -

aw—iwaﬁn zmum'mmaa

original load 0.318 0.197 0.374

increased load 0.330 0.210 0.391

~

% increase down to. 5% from ~ 20 %



2) At node 21509 (area 3)

MW MVAR MVA
original load = 0.252 0.221 0.335
increased load = 0.290 0.180 0.341

% increase further ;

At node 1350

L 4 kept at about 3 % a

After the

(when the second con A E?i5f'.A  perate wihtout problenms.

Table 6.7 T ad- ;'ﬁ? 501y ion of the network system were

MVAR

Tot.al'ro"
ﬂumwﬂmwmm 2.53019

Shunt capacitors ¢ 1.3.49940

am&mmmwn NYVQ e

Total 9.83012 6.41726

Load absorbed 9.70800 6.10900

Network losses 0.12212 0.30828
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20 0f ¥z .22 Lz eg 82 "SNYYL o M2 LLoe Bl £
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