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MiP-PSCT YBR

1. INTRODUCTION

POWERYBR is designed to provide the static and dynamic equivalents for the power
system. In case of static equivalent, program determines the bus admittance matrix
(Ybus) as seen from the desired nodes by eliminating the rest of the nodes. In case of
dynamic equivalent, a single machine equivalent circuit is determined. The
methodology is an extension of the Thevenin theorem to electromechanical circuits. It
is often necessary to obtain network equivalents for proper representation in various
analysis such as transient and dynamic stability analysis. In POWERYBR sparse
storage and matrix ordering techniques are used to reduce the memory requirements.
The methodology used for static equivalent, wherein all the generator buses in the
system are retained consists of -

e Formation of positive sequence sparse Ybus for the given power system. In the
Ybus formation, shunt elements at the buses, which are to be retained, will not be
added to the corresponding diagonal elements.

Finding the columns of the positive sequence Zbus for the nodes to be retained.
Assembling the Zbus for the reduced system from the above columns of Zbus.
Inverting the Zbus to find the positive sequence Ybus for the reduced system.
Above analysis are done for negative and zero sequence networks.

In case of dynamic equivalent, the procedure involved is -

e Internal system is identified. All the buses, which are external to the area of
interest, and connected directly to the internal system nodes, are identified. These
are the nodes to be retained.

e An equivalent generator is considered, connected to the retained nodes in the
external system.

e The single machine electromechanical circuit replaces generators in the external
system.

The program input data is through an ASCII file, the format of which is described
in chapter 2. In chapter 3, input and output files are given. Chapter 4 gives the
case study, wherein the data file preparation for obtaining the network
equivalents for sample systems are discussed along with the analysis of the
results.
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2. HOW TO SOLVE NETWORK REDUCTION

EXAMPLE: Network Reduction

For a typical 24 Bus System with maximum generation as slack bus. The Single Line
Diagram is shown in fig-1. Element parameters are specified in the element tables.

1.

2.
3.

Generate a Single line diagram using MiP-PSCT Power system Network Editor
simultaneously Compute the Electrical parameters in p.u. on 100MVAbase.
Do Load Flow Analysis in Fast decoupled method, tolerance of0.001.

Do Ybus Network Reduction using following methods

» Casel: Retaining all generator buses

Network reduced with retaining all the buses to which the generators are
connected, such as 1, 2, 3 and 4.

Case2 : Retaining all Generator buses and Zone 1 buses

Network reduced with retaining all the buses to which the generators are
connected, and buses belonging to Zonel, such as 5, 6, 7, 8, 9, 10, 11, 12,
13, 14, 15, 16, and 17.

Case 3: Retaining all Zone 1 buses

Network reduced with retaining all the Zonel buses, such as 1, 4,5, 6, 7, 8, 9,
10, 11, 12, 13, 14, 15, 16, and 17.

Case 4: Network Reduction for Dynamic Stability study.

Network reduced with retaining all the buses to which the generators are
connected taking the option Dynamic Stability

Table 2.1: Bus Data Cable

Sl. No Bus Name kV
rating

1 Busl 11.000
2 Bus2 11.000
3 Bus3 11.000
4 Bus4 11.000
5 Bus5 220.000
6 Bus6 220.000
7 Bus7 220.000

Power Research and Development Consultants Pvt. Ltd Page 3



MiP-PSCT YBR
8 Bus8 220.000
9 Bus9 220.000
10 Bus10 220.000
11 Busl1l 220.000
12 Busl12 220.000
13 Busl13 220.000
14 Busl4 400.000
SI. No Bus Name kv
rating
15 Bus15 400.000
16 Bus16 220.000
17 Busl17 220.000
18 Bus18 220.000
19 Bus19 220.000
20 Bus20 220.000
21 Bus21 220.000
22 Bus22 220.000
23 Bus23 220.000
24 Bus24 220.000
Table 2.2: Transmission Line data Table
Sl. | From | To Positive Sequence
No | Bus | Bus | Resistanc | Reactance | Susceptanc
e X(P.U.) e
R(P.U.) B/2(P.U.)
1 15 14 | 0.00430 0.04770 0.63700
2 7 11 0.02444 0.12226 0.10272
3 12 13 0.01321 0.06608 0.05552
4 13 11 0.00314 0.01570 0.05275
5 13 16 0.00578 0.02891 0.02429
6 16 11 0.00495 0.02478 0.02082
7 16 17 0.00248 0.01239 0.01041
8 5 6| 0.00450 0.02251 0.30260
9 6 7 0.03716 0.18586 0.15616
10 6 13 0.05169 0.25856 0.21723
11 6 16 | 0.01530 0.07655 0.57882
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12 6 8 0.01239 0.06195 0.20822
13 8 9 0.00363 0.01817 0.06107
14 8 10 0.00330 0.01652 0.05552
15 18 19 0.00537 0.02685 0.09022
16 19 5 0.01263 0.06319 0.21237
17 19 20 0.01131 0.05658 0.19016
18 20 24 0.01982 0.09913 0.08328
19 24 5 0.02494 0.12473 0.10480
20 22 23 0.03633 0.18173 0.15269
21 22 20 0.01734 0.08674 0.29149
22 22 21 0.00330 0.01652 0.01388
Table 2.3: Transformer data table
From Bus | To Bus | Resistance | Reactance MVA Rating
R X

Bus4 Busl5 | 0.001402 0.02804 475.00

Bus14 Bus1l | 0.00063 0.01250 475.00

Bus5 Busl 0.000694 0.013872 704.63

Bus2 Busl18 | 0.003484 0.06968 156.25

Bus3 Bus22 | 0.002804 0.05609 237.50

Table 2.4: Generator data table
Generator | Genl Gen2 Gen3 Gen4
P-sch MW | 563.7 125.0 190.0 380.0
P-rate MW | 712 135 300 420
P-min MW | 400 50 120 240
P-max MW | 760 140 330 440
V-pu 1.02 1.02 1.02 1.02
Positive sequence
R 0.00126 | 0.00073 | 0.00051 0.00026
X'd 0.03409 | 0.07473 | 0.05247 0.02623
Negative sequence
R 0.00126 | 0.00073 | 0.00051 0.00026
x'd 0.03409 | 0.07479 | 0.05251 0.02626
Zero sequence
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R 0.00126 0.00073 | 0.00051 0.00026
X'd 0.03413 0.07497 | 0.05264 0.02632
Inertia(H) 6.917 6.917 6.917 6.917
Table 2.5: Generator Capability Curve
Point No. | P(pu) | Q-min | Q-max
(pu) (pu)
1 0.0 -0.3 0.707
2 0.6 -0.2 0.6
3 0.9 -0.2 0.5
4 1.0 0.0 0.0
Table 2.6: Load Data
Bus no. P-load Q-load Q-comp
Mvar Mvar Mvar
6 70 30 30
7 150 40 30
9 30 10 0
10 90 50 0
11 35 15 0
12 30 10 0
13 150 60 0
16 230 60 0
17 60 25 0
19 130 100 0
20 50 35 0
21 73 48 0
23 50 30 0
24 95 50 0
Procedure to enter Bus Data
Similarly enter other bus, as per details the given in bus data table.
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Bus Data

Bus Mumber [~ _FetchBusss |
Bus Mame [Bosr

T
Mominal Voltage [11.000 =] kv

I—Area Mumber
I

Select |1 Areat

I—ane Murnber
I

== |
Select [1 Zonet =1 |
== |

Owerer Number
r g Select [1 Ownert

Contingency “Weightags |1

I—vmtage Limits in ki |

tin [10. 450000 kax [11.550000

| rCDst lib = |

Arc Flash
|7 Bus Bar Differential | | |7 Bus Details |

Global Change| Load| Details| Costib>>| GPs |

Cost Per Unit in
%

[ Attachrents Remark.:
=S|
=]

Figure 1: Bus Data

Procedure to enter Transmission line details:

Select main menu “Libraries —» Series Elements — Transmission Line”

Line/Cable Data

~Feed Data
‘ Humber |1 FetchLine »> | Mame |in H Maintenance | || Tpe
% Cunent © Power
Structure Aef. No |1 [LN] j Amperes ID
M Tranzmigsion Line Library »» | Line Details »» I ot ID'S

De-Rated Mva 400
FRating| A00
Rating Il 400

" NotEsists
From Bus Mumber |15 [Bus15] {400,000 ~ & Evists bty ISU k& | 0.072

LS

- Fram Breaker
Rating

ToBusNumber |14 [Bust4]400.000 =] [}/ | | FiomBresker

Mumber of Circuits |1

Line Length 1 km ' Exists

~ ToBreaker

Mot Exists )

My IE[I kA IEII]72

Contingency Weightage |1

I j Ta Breaker

Show Breaker - 5LD
I ves

~5LD Motation
& Line

 Cable
" Breaker
 lslator

NOP
& No

" From Side
" TaSide

Shatu: Commission Status
’7(: InSevice ¢ FromEndOpen ¢ ToEndOpen © Out of Service H’ﬁ' Existng " Froposed  Year ID

To Side Open

C TNOP & Maintenance  Fault " Others I H’(" THOP " Maintenance ¢ Faul

"Frum Side Open

It

¥ Others ‘

Enter other Transmission data similarly, as per the data given in Transmission line data

table.

Figure 2: Line/Cable Data
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Procedure to enter Element detail:
Select mainmenu Libraries —® Series Elements —# Transmission Line —»

Line and Cable Library

" Structure Reference

Humber 1 Harne |LN1 Fetch Line |

Pozitive Sequence Resistance Ig o043 pu Surge Impedanice
Pozitive Sequence Reactance Ig 0477 pu z [ Ohms
Paositive Sequence Susceptance (B/2) Ig‘ggy U

. W |1 274913551 kma/sec
Zero Sequence Resistance Ig o0gg U
Zero Sequence Reactance Ig 0954 U CempuBiL, e

Zero Sequence Susceptance (B/2) Ig 5 pu

Themal Rating IdDD Mys  Compute |
Line Harmanic Mumber IU Harmonic Library >>|
ID

Cast Per Urit in Rz Themal Curves»

Cost per km

Figure 3: Line/Cable Library

Enter other Transmission data similarly, as per the data given in Transmission line data
table.

Procedure to enter Element detail:

Select main menu Elements — Series Elements —Transmission Line
Line/Cable Data

: - FeedDeta
Ml [1 Fochline 22 | Mame [RT | Msewseace ||| Tipe
= " Cument " Power
DeRatid MVA [0 Swenseflet o [TAN]  ¥] || Amperes P
Rairg | Cra—T Y e 57| | L Unatass | o o7
[ how Hreshas -SLD
e = MO | Fom bk i I Ye
" Kot Existz
From B Numbes |15 [Dual5)] (400000 =] ||| = Eatt MY ,_,_,_ A [oom SLD Nga::e
ToBusbumber  [14 @uata) (00000 =] ||| = rmw,,] ; x
&
NombsoiCocuts [T ToDregkee = ik
: © Mol Exets e R
s I i (| @ g W [ i [1m o
ContingencyWieightage: 1 = T Bk " EromSide
I ! E &  ToSide
~Stahuy Commizaon Staus
@ InSeacs  © FomEndOpen ToEndOpen ™ Oulof Servce  Eiing O Proosied Voo ,r—
 From Sals Dpers To Sule Dpery

" THOP = Martenanes © Fadt O Oty  THOP ™ Marterance  Faldl (= Dhesy

Figure 4: Line/Cable Data
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Enter remaining Transmission line data similarly according to the following table.
Table 2.7: Transmission Line Data
Line No. From Bus To Bus | No. of circuits | Line Length Structure
reference no.
2 7 11 1 1 2
3 12 13 1 1 3
4 13 11 1 1 4
5 13 16 1 1 5
6 16 11 1 1 6
7 16 17 1 1 7
8 5 6 1 1 8
9 6 7 1 1 9
10 6 13 1 1 10
11 6 16 1 1 11
12 6 8 1 1 12
13 8 9 1 1 13
14 8 10 1 1 14
15 18 19 1 1 15
Line No. From Bus To Bus | No. of circuits | Line Length Structure
reference no.
16 19 5 1 1 16
17 19 20 1 1 17
18 20 24 1 1 18
19 24 5 1 1 19
20 22 23 1 1 20
21 22 20 1 1 21
22 22 21 1 1 22
Procedure to enter Transformer details
Select menu option Libraries — Series Element —» Two winding Transformer
Two Winding Transformer Library
RGN, Feich 3 tndit P Tiea Pt |
MisRerg [0 m [ W e.z"g"" [ W
jeante [ IF [ Uneou) et 1y
Mo T30 (55— 1 Comut || © Onbood TapCrange | Y™ 1 [7155 4V i
o on Comemon MVA Bate. Tranthomed nsses ‘Winding Configuestion
Pus Sea Inpedence [U0S15 pu || s [T Y { =
Pos Seq Xt [0 o Fienary . ' ‘s ‘%
ZooSen bnpedarce. [00RGIE  pu sl " Secondwy.. c =
ZenScaitoARaio [ Updote R | Prigee deocemert. |10 0] 7]
Figure 5: Two Winding Transformer
Library
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R and X data given in Transformer details table.
Impedance Z = V R® + X?

Enter remaining Transformer details similarly. Data given in the following table.

Table 2.8: Transformer Details

Manufacturer no. 2 3 4 5
Manufacturer name 14-11 5-1 2-18 3-22
MVA rating 475.00 704.63 156.25 237.50
Impedance 0.01252 | 0.11112 | 0.06977 | 0.05616
X/R Ratio 19.8413 | 19.988 20 20.0036
Primary kV 400 220 11 11
Secondary kV 220 11 220 220
Mini Tap No 1 1 1 1

Maxi Tap No 7 13 7 7

Mini Tap kV 360 198 10.45 10.45
Maxi Tap kV 420 231 12.1 12.1
Winding configuration Y Y Ry Y

2.1 Transformer Element details

Select menu option Element =» Series Element =» Two winding Transformer

Two Winding Transformer Data
Tndomertiter [ Foch Trarome: 1| Name [277 Mortres| | GO | T ZoZagTindomer

Seconday Volage i

Mankchas Rt [1171] [ - -

Tdmasliay | ([T < [ 4

e |
;::ﬁ mli_ A ,T GoTe! 5
e el By S0 oo
B wis 3 * [0 . K| I ye
el ]

o [ el

Cot 0 =
Prose St rgle E Scedbke -]

& nSevee (" DufSence | Esting ( Prposed Yem 1

PrGiundng Ressiancs |J e PrGmndrgResace [) e Pinsy o
Scbonbgeiioce [T om0 SwGmndgfewos [| PR sy Do
VrendomerDeds ConkelBock

Deiabs lelolee [ E‘
Figure 6: Transformer Element Details

Power Research and Development Consultants Pvt. Ltd.

Page 10



MiP-PSCT

YBR

Enter other Transformer details similarly. Details as shown in the following table.

Table 2.9: Transformer Details

Transformer no. 2 3 4 5
Transformer name 2T2 2T3 2T4 2T5
From Bus number 14 5 2 3

To Bus number 11 1 18 22
Control Bus number 14 5 18 22
Manufacturer ref number | 2 3 4 5
De-Rated MVA 475.00 | 704.63 156.25 237.50
Nominal Tap 5 9 3 3

Generator Capabili

Select menu option Libraries = Capability Curve

ty Curve

E:\MiPower\S amples\DatabaseManager\Mac24\mac24:[Capability curve [Library]]

Capability Curve Library

CuvaNumber [ CuveMame [GerCapCorve 1

Felch Curve |

Preview

Record Add =

@r) Add New Fecard 7

. Ath th
counter follow same procedure until 4 counter, at 4™ counter
say no so that it will save that counter and close

Yoltage
00 FERRVERARE Ho
Real Power in Minimum M airmum
Reactive Power Rieactive Power
Jo [0z { (1T
Nt > feectac | Click next the following dialog appears say yes to enter next

Figure 7: Capability Curve Library

Table 2.10: Generator Capability Curve Details

Point P(pu) Q-min Q-max

No. (pu) (pu)
2 0.6 -0.2 0.6
3 0.9 -0.2 0.5
4 1.0 0.0 0.0

Power Research and Development Consultants Pvt. Ltd.
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Generator details
Select menu option Libraries - =»Shunt Elements =» Generator

Generator Library

Ref. MNumber |1 Fetch Generatar | M anufacturer N ame IGN-]
‘ WA Rating |99 Wi Rating IBS k¥ Rating |11 Eomputexl'd.“d.nﬂl| ‘

pu on Common My Base

Bimature Resistance (Ra) IF pu Potier Reactance [Xp) IW pul
Direct Avis Feactance (*d) IW Pu  Direct Axis Transient R eactance [<'d) IW pu
Quadrature Axis Feactance [Xg) W pu Quadrature Axis Transient Reactance [<'g) W pu
Megative Seq. Reactance [+n) IW pu Direct Axis Sub-Transient Reactance [<"d) IW pu
Zemo Seq. Reactance (<o) W pu Quadrature &xis Sub-Transient Reactance [+''g) IW pu

Direct Axis Open Circuit I— Direct Awis Open Circuit Inertia in MJ YA
Trangient Time Constant 3 Sub-Transient Time Constant ID-U45

[T'da) [T"'dal |4.31 4
Quadrature Axis Open Circuit I Quadrature Axis Open Circuit Damping Factor
Tranzient Time Conzstant [T'qo) ! Sub-Transient Time Constant [T"'qo) ID'D45

ID
Figure 8: Generator Library

Enter other Generator details similarly. Data given in following table.

Table 2.11: Generator Details

Generator Genl Gen2 Gen3 Gen4
P-sch MW 563.7 125.0 190.0 380.0
P-rate MW 712 135 300 420
P-min MW 400 50 120 240
P-max MW 760 140 330 440
V-pu 1.02 1.02 1.02 1.02
Positive sequence

R 0.00126 0.00073 0.00051 0.00026
X'd 0.03409 0.07473 0.05247 0.02623
Negative sequence

R 0.00126 0.00073 0.00051 0.00026
X'd 0.03409 0.07479 0.05251 0.02626
Zero sequence

R 0.00126 0.00073 0.00051 0.00026
x'd 0.03413 0.07497 0.05264 0.02632
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[ Inertia(H) | 6.917 | 6.917 | 6.917 | 6.917 |

2.2 Generator Element details

Select menu option Elements = Shunt Elements = Generator

Generator Data

Hurnber |2 Fetch Generat0r>>| M ame Iget2AT1 Maintenance | Schedule NDID VI
— Pratect
Bus No |1 [Bus1] {11.000 vl Marufacturer Ref. Na |1 [GMT] vl Library > | mﬂi:ogunent
Units in Parallel IB GT | Capability Curve No m Capahility Curve > | lﬁ
Specified Voltage —Breaker Rating Relay |
{ [1.0200 Pu [11.22 Ky In e [50 k4 [2624 Linit Pratection |
De-Rated kv 99 Reactive Power - Minimum I-?‘I 25 Myvar | Cast Per Unit in
Scheduled Power  |70.4625 M Reactive Power - Maximum |?1.25 Iwar ID
— Real Power Optimization D ata — Select
Cost Co-efficient CO IBSSD
Fieal Power - Minimum IED It o SoEioen  Utility Grid
CostCoefficientCl  [6007
Real Pawer - Maximum |95 Il Cost Cosfficient C2 IF & Generator
— Statu: Commizsion Statu
& InSewice  © Outof Service ’7 ¥ Existing  { Proposed  Year I
Figure 9: Generator Data
Enter remaining Generators similarly. Detail given in following table
Table 2.12: Generator Details
Name GEN-2 GEN-3 GEN-4
Bus Number 2 3 4
Manufacturer Reference | 2 3 4
Number
Number of Generators in 1 1 1
Parallel
Capability Curve Number 1 1 1
De-Rated MVA 225 225 225
Specified Voltage 11.22 11.22 11.22
Scheduled Power 125 190 380
Reactive Power Minimum -105 -330 -330
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Load details

Reactive Power Maximum 95 330 330
Breaker Rating 350 350 350
Select menu option Elements = Shunt Elements =» Load
Load Data
~Relay

MNumber |1 Fetch Load 5| Name |LD1

Maintenance

ScheduleNo {0 M

Bus Nurber

Fieal Power in M/

Power Factor

1 [ust1]{220.000

= No of Consumers
1
l—

;3
e e e
(EETS

Load Details |

WWaR Compensation

Wirimum Compensation in MYAR |D

Maximum Compensation in MYAR |0 f

Compensation Step in MYAR

Load Characteristics No.

—

]‘

Relay

—

~Cost Per Unitin ——

-

~Cost library

Fief Ho. -

Lib >

Laad TPDE ; ~Unbalanced Load Library

L Hon Lineat « \{ Load Characteristics »»

Muotor Load Percentage Unbalanced Load Detals | A
( f0 Blbal Change
~Statug——————— - Commission Status Breaker Rating

In M (50

& InSevice " (QutofSewvice | © Eviting ( Proposed Year [0 " ne s
~Control Block

FobPah | Ml

Figure 10: Load

Data

Enter remaining loads similarly. Details given in the following table

Table 2.13: Load Details

Bus no. P-load Mvar | Q-load Mvar | Q-comp Mvar
6 70 30 30
7 150 40 30
9 30 10 0
10 90 50 0
11 35 15 0
12 30 10 0
13 150 60 0
16 230 60 0
17 60 25 0
19 130 100 0
20 50 35 0
21 73 48 0
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23 50 30 0
24 95 50 0
Solving Load Flow
Select menu option “Solve = Load Flow”.
The following form will appear.
Load Flow Analysis

(Type 1 Click here

Caze -

% Execute Sfter Input File Creation
™ Only Input File Creation

" Execute with old Input Fils

Study}fn... |
Delete |
Execute .. |

— Resultz

Metwork, ... | Repart ...

'\-"iewEus...l [Graptis.. |

Cloze

Study Information

Figure 11: Load Flow Analysis

x

Contingancy Rarking irsdsss | dvalability Towsle Capabilty | SubSiasoriwienLFa |
Genersl | | |

Techniaue
 Gaums - Sawcel Metod
1~ Hewaon Fiophson Meshod

P Uscmated el (- D LosdFlowe

Lo Flawe Type
1 Slack flus Concept LFA

I Foad Cumare Siandsiion [ TATC
™ Substation wae LPA

P Toksiores [0.0001
ﬂ-'m[]ﬂl’\l
ShachBus [0 Max Gienersion tus) =

Pk 0p8ees. [11ary s Flesuns =

Line Flews Urat {10 £ v =

g

—

Tt [TZatn =]
Mullgheaton Facls |1 =]
? i -

[Coe ] ewme | |

Figure 12: Load Flow Studies
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Executing and Viewing the report
Load Flow Analysis E=
Case i Study Infa... |
i+ Execute After Input File Creation Delate |
" Only Input File Creation ——
Click here S
" Execute with old Input Fils Eszaulie .. |
— Results
MNetwark .. I Fiepo.rt... iew Bus. | Graph ... |
Click here to
view report
Figure 13: LFA
Report
Load flow results are given below.
BUS VOLTAGES AND POWERS
NODE FROM V-MAG ANGLE MW MVAR MW MVAR MVAR
NO. NAME P.U. DEGREE GEN GEN LOAD LOAD COMP
1 BUS1 1.0200 0.00 563.711 19.574 0.000 0.000 0.000
2 BUS2 1.0200 1.61 125.000 22.496 0.000 0.000 0.000
3 BUS3 1.0200 3.52 190.000 39.568 0.000 0.000 0.000
4 BUS4 1.0200 3.91 380.000 35.241 0.000 0.000 0.000
5 BUS5 1.0164 -4.32 0.000 0.000 0.000 0.000 0.000
6 BUS6 1.0050 -10.41 0.000 0.000 70.244 30.104 30.000
7 BUS7 0.9677 -19.85 0.000 0.000 146.636 39.103 30.000
8 BUS8 0.9756 -14.54 0.000 0.000 0.000 0.000 0.000
9 BUS9 0.9737 -14.85 0.000 0.000 29.453 9.818 0.000
10 BUS10 0.9650 -15.33 0.000 0.000 87.820 48.789 0.000
11 BUS11 0.9733 -15.09 0.000 0.000 34.351 14.722 0.000
12 BUS12 0.9568 -17.67 0.000 0.000 29.103 9.701 0.000
13 BUS13 0.9642 -16.52 0.000 0.000 146.276 58.510 0.000
14 BUS14 0.9814 -12.32 0.000 0.000 0.000 0.000 0.000
15 BUS15 1.0105 -2.00 0.000 0.000 0.000 0.000 0.000
16 BUS16 0.9638 -16.86 0.000 0.000 224.238 58.497 0.000
17 BUS17 0.9593 -17.27 0.000 0.000 58.310 24.296 0.000

Power Research and Development Consultants Pvt. Ltd.
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18 BUS18 1.0039 -3.23 0.000 0.000 0.000 0.000 0.000
19 BUS19 0.9922 -5.08 0.000 0.000 129.295  99.458 0.000
20 BUS20 0.9910 -5.83 0.000 0.000 49.687 34.781 0.000
21 BUS21 0.9882 -3.03 0.000 0.000 72.398 47.604 0.000
22 BUS22 0.9984 -2.42 0.000 0.000 0.000 0.000 0.000
23 BUS23 0.9469 -7.40 0.000 0.000 48.171  28.903 0.000 @
24 BUS24 0.9726 -7.97 0.000 0.000 93.194  49.050 0.000

NUMBER OF BUSES EXCEEDING MINIMUM VOLTAGE LIMIT (@ mark) : 1

NUMBER OF BUSES EXCEEDING MAXIMUM VOLTAGE LIMIT (# mark) : 0

NUMBER OF GENERATORS EXCEEDING MINIMUM Q LIMIT (< mark) 0

NUMBER OF GENERATORS EXCEEDING MAXIMUM Q LIMIT (> mark) 0

TRANSFORMER FLOWS AND TRANSFORMER LOSSES

SLNO CS FROM FROM TO TO FORWARD LOSS %

NODE NAME NODE NAME Mw MVAR Mw MVAR LOADING

1 2 4 BUS4 15 BUS15 380.000 35.241 1.9630 39.2592 74.8%
2 1 14 BUS14 11 BUS11 371.856 53.910 0.9237 18.3278 76.6#
3 8 5 BUS5 1 BUS1 -561.589 22.848  2.1224 42.4223 69.8%
4 1 2 BUS2 18 BUS18 125.000 22.496 0.5402 10.8041 75.5#
5 1 3 BUS3 22 BUS22 190.000 39.568 1.0151 20.3063 76.1#

I NUMBER OF TRANSFORMERS LOADED BEYOND 125% : 0

@ NUMBER OF TRANSFORMERS LOADED BETWEEN 100% AND 125% : 0

# NUMBER OF TRANSFORMERS LOADED BETWEEN 75% AND 100% : 3

$ NUMBER OF TRANSFORMERS LOADED BETWEEN 50% AND 75% : 2

~ NUMBER OF TRANSFORMERS LOADED BETWEEN 25% AND 50% : 0

& NUMBER OF TRANSFORMERS LOADED BETWEEN 1% AND 25% : 0

* NUMBER OF TRANSFORMERS LOADED BETWEEN 0% AND 1% : 0

LINE FLOWS AND LINE LOSSES

SLNO CS FROM FROM TO TO FORWARD LOSS %

NODE NAME NODE NAME Mw MVAR Mw MVAR LOADING

6 1 15 BUS15 14 BUS14 378.034 -4.006 6.1755 -57.8906 93.5#
7 1 7 BUS7 11 BUS11 -61.752 0.900 1.0242 -14.2262 55.3%
8 1 12 BUS12 13 BUS13 -29.102 -9.699 0.1253 -9.6166 26.7"
9 2 13 BUS13 11 BUS11 -153.297 -28.633 0.8128 -5.8370 67.4%
10 1 13 BUS13 16 BUS16 18.655 -4.839 0.0221 -4.4042 16.7&
11 1 16 BUS16 11 BUS11 -118.921 -13.271 0.7604 -0.0999 103.1@
12 1 16 BUS16 17 BUS17  58.415 22.899 0.1063 -1.3940 54.9%
13 4 5 BUS5 6 BUS6 477.840 -49.588 9.9609 -11.9946 98.5#
14 1 6 BUS6 7 BUS7 87.746 -6.062 2.8676 -16.0514 72.9%
15 1 6 BUS6 13 BUS13 41.800 -12.309 0.9417 -37.4225 415"
16 3 6 BUS6 16 BUS16 148.596 -26.153 3.5032 -94.7018 46.2"
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17 2 6 BUS6 8 BUS8 119.493 6.806 1.8467 -31.6140 52.9%
18 2 8 BUS8 9 BUS9 29.486 -1.617 0.0338 -11.4338 13.3&
19 2 8 BUS8 10 BUS10 88.160 40.038 0.3407 -8.7495 43.4n
20 2 18 BUS18 19 BUS19 124.460 11.692 0.8483 -13.7340 53.0%
21 2 19 BUS19 5 BUS5 -27.772 -53.132 0.2321 -41.6860 25.2»
22 2 19 BUS19 20 BUS20 22.088 -20.899 0.0566 -37.1160 12.8&
23 1 20 BUS20 24 BUS24 38.691 3.175 0.3281 -14.4170 36.2»
24 1 24 BUS24 5 BUS5 -54.831 -31.457 0.9149 -16.1647 54.2%
25 1 22 BUS22 23 BUS23 49.205 5.164 1.0339 -23.7399 49 40
26 2 22 BUS22 20 BUS20 67.132 -32.016 0.7855 -53.7550 31.0n
27 1 22 BUS22 21 BUS21 72.648 46.114 0.2494 -1.4903 73.1%

I NUMBER OF LINES LOADED
@ NUMBER OF LINES LOADED
# NUMBER OF LINES LOADED
$ NUMBER OF LINES LOADED
~ NUMBER OF LINES LOADED
& NUMBER OF LINES LOADED
* NUMBER OF LINES LOADED

BEYOND 125% : 0
BETWEEN 100% AND 125% : 1
BETWEEN 75% AND 100% : 2
BETWEEN 50% AND 75% : 8
BETWEEN 25% AND 50% : 8
BETWEEN 1% AND 25% : 3
BETWEEN 0% AND 1% : 0

To solve Y-Bus Reduction (NETWORK REDUCTION)

CASE 1 : Retaining all generator buses
24 Bus sample systems are reduced with retaining all the buses to which the generators are
connected, such as buses 1,2,3 and 4. All other connections are reduced as equivalent series
impedance between the retained buses and shunt admittance at the retained buses.

Select menu option

“Solve =2 Network Reduction”

Following screen appears

Click here to

Hetwork Reduchion E
Type 1
Case -

% Execute After Input File Creation
" Only Irput File Creation

" Execute with old [nput File

STty Info... |

Delete

Fl

Execute ...

— Result

Network...l Repart ... ViewBus...l Graph ... |

Figure 14: Network Reduction

Power Research and Development Consultants Pvt. Ltd.
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Study Information

Following screen shows study information for Case 1. Similarly select buses 1, 2, 3,

and 4.
x
7~ Zone Feduction ¥ Bus Feduction
tZl;c'E: EET::Q[S] Generator gsllzlegt::ezr:tr;?; Buz Mumber(z) to be retained
1 getlAT4[4]

2 2 geteATi] Select only
generator
buses

Z Busz Print Optian [/ M ]

!Give Network name |

Frirt Option IData and Results

M uliplication Factor Ref.

=~

Feduced Metwork Mame IE.F-‘-.SE 1
I‘] vl

Moke:

Buz Mames marked with * are generator buses.
These buges must be selected if it iz Bus
Fieduction

]

Cancel |

Figure 15: Network Reduction(zone Reduction & Bus reduction)

Click OK after entering information. Execute Network Reduction. Click Report button

to view the report.

Network Reduction Report for case 1

NETWORK REDUCTION
CASE NO : 11
CONTINGENCY NAME :

CONT INGENCY
Base Case

: 0 SCHEDULE NO : O

%%
TOTAL NUMBER OF BUSES

NUMBER OF 2 WIND. TRANSFORMERS

NUMBER OF TRANSMISSION LINES
NUMBER OF SERIES REACTORS
NUMBER OF BUS COUPLERS
NUMBER OF SHUNT REACTORS

ACTUAL NUMBER OF BUSES s 24
NUMBER OF 3 WIND. TRANSFORMERS : 0
NUMBER OF SERIES CAPACITORS s 0
NUMBER OF SHUNT CAPACITORS o 0
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NUMBER OF SHUNT IMPEDANCES : 0 NUMBER OF GENERATORS 4
NUMBER OF LOADS : 14
NUMBER OF FILTERS z 0
NUMBER OF HVDC CONVERTORS : 0
NUMBER OF ZONES 2
PRINT OPTION : 3 (BOTH DATA AND RESULTS PRINT)
BASE MVA : 100.000
NOMINAL SYSTEM FREQUENCY: 50.000
PREFAULT VOLTAGE OPTION : 1 (READ FROM THE FILE)
ZONE NUMBER RETAINED 0
ZBUS PRINT OPTION 0
YBUS REDUCTION OPTION : 1 (NETWORK REDUCTION)

4

1 2 3 4
CIRCUIT BREAKER RESISTANCE (PU) 0.000000
CIRCUIT BREAKER REACTANCE (PU) 0.000100
TRANSFORMER R/X RATIO 0.050000
TRANSFORMER ZERO SEQUENCE IMPEDANCE MULT FACTOR 0.900000
NUMBER OF TRANSMISSION VOLTAGE LEVELS : 3
TRANSMISSION LINE VOLTAGE - KV : 11.000000
TRANSMISSION LINE ZERO SEQUENCE RES. MULT. FACTOR 0.000000
TRANSMISSION LINE ZERO SEQUENCE REA. MULT. FACTOR 0.000000
TRANSMISSION LINE ZERO SEQUENCE ADM. MULT. FACTOR : 0.000000
TRANSMISSION LINE VOLTAGE - KV : 220.000000
TRANSMISSION LINE ZERO SEQUENCE RES. MULT. FACTOR : 2.500000
TRANSMISSION LINE ZERO SEQUENCE REA. MULT. FACTOR : 2.500000
TRANSMISSION LINE ZERO SEQUENCE ADM. MULT. FACTOR : 0.025000
TRANSMISSION LINE VOLTAGE - KV : 400.000000
TRANSMISSION LINE ZERO SEQUENCE RES. MULT. FACTOR 2.500000
TRANSMISSION LINE ZERO SEQUENCE REA. MULT. FACTOR : 2.500000
TRANSMISSION LINE ZERO SEQUENCE ADM. MULT. FACTOR z 0.025000
GENERATOR NEGATIVE SEQUENCE RESISTANCE MULT. FACTOR 0.175000
GENERATOR NEGATIVE SEQUENCE REACTANCE MULT. FACTOR 0.175000
GENERATOR ZERO SEQUENCE RESISTANCE MULT. FACTOR 0.037500
GENERATOR ZERO SEQUENCE REACTANCE MULT. FACTOR 0.037500
LOAD NEGATIVE SEQUENCE IMPEDANCE MULT. FACTOR 0.810000
LOAD ZERO SEQUENCE IMPEDANCE MULT. FACTOR 1.600000
SERIES REACTOR ZERO SEQUENCE IMPEDANCE MULT. FACTOR 1.000000
SHUNT REACTOR ZERO SEQUENCE IMPEDANCE MULT. FACTOR 0.625000
Power Research and Development Consultants Pvt. Ltd. Page 20
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ZONE BUS-KV

NAME

VMAG-PU  VANG-DEG
PLOAD-MW

BUS DATA
NODE STAT
1 1
2 1
3 1
4 1
5 1
6 1
7 1
8 1
9 1
10 1
11 1
12 1
13 1
14 1
15 1
16 1
17 1
18 1
19 1
20 1
21 1
22 1

1 220.

1 220.

1 220.

1 220.

1 220.

1 220.

1 220.

1 220.

1 400.

1 400.

1 220.

1 220.

2 220.

2 220.

2 220.

2 220.

2 220.

000

000

000

000

000

000

000

000

000

000

000

000

000

000

000

000

000

BUS6

BUS7

BUS8

BUS9

BUS10

BUS11

BUS12

BUS13

BUS14

BUS15

BUS16

BUS17

BUS18

BUS19

BUS20

BUS21

BUS22

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

[eleoNoNoNeoNoNoNoNeoNe)

[eNoNoNoNoNoNoloNooloolooNoNololoNooNololooNoNeoNoNoloNoNoNoNoNe]

.000
.000
.000
.000

000

.000

000

.000

000

.000
.000
.000
.000
.000
.000
.000

000

.000

000

.000
.000
.000
.000
.000
.000
.000
.000
.000

000

.000

000

.000
.000
.000

PGEN-MW
QLOAD-MR

[eNoNeoNoNeoNoNoNoYe)

[eNoNeoNoloNoNooNooloolooNoN oo oNooNooloNolooloolooloNoNoNe]

-000
-000
.000
.000

000

.000

000

.000

000

.000
.000
-000
.000
.000

000

-000

000

-000

000

-000
-000
.000
-000
.000
-000
.000
-000
.000

000

-000

000

-000
.000
-000

QGEN-MR
QCOMP-MR

[eloNeoNoNeoloNoNoNeoNa)
o
o
o

-000
-000
.000
.000
.000
.000
-000
.000
-000
.000
.000
.000
.000
.000
.000
-000
.000
-000
.000
-000
-000
.000
-000
.000
-000
.000
-000
.000
.000
.000
.000
.000
0.000
0.000

[eleoNoloNoloNoNoNoloNoloNooNoNoNoloNooNoNoNoNoloNoNooNoNoNoNe)

Power Research and Development Consultants Pvt. Ltd.

Page 21



MiP-PSCT YBR
23 1 2 220.000 BUS23 0.0000 0.000 0.000  0.000
0.000  0.000  0.000
24 1 2 220.000 BUS24 0.0000 0.000 0.000  0.000
0.000  0.000  0.000
TRANSFORMER DATA
STAT CKTS FROM FROM TO TO POSITIVE ZERO
NODE NAME NODE NAME R(P.U) X(P.U.) R(P.U.) X(P.U.)
TAP  PHASE FB-MVA TB-MVA
3 2 4 BUS4 15 BUS15 0.00140 0.02804 0.00140 0.02804
1.00000 0.000 50 50 S D
3 1 14 BUS14 11 BUS11 0.00063 0.01250 0.00063 0.01250
1.00000 0.000 50 50 G G
3 8 5 BUS5 1 BUSL 0.00069 0.01387 0.00069 0.01387
1.00000 0.000 50 50 G G
3 1 2 BUS2 18 BUS18 0.00348 0.06968 0.00348 0.06968
1.00000 0.000 50 50 G G
3 1 3 BUS3 22 BUS22 0.00280 0.05609 0.00280 0.05609
1.00000 0.000 50 50 G G
TRANSMISSION LINE DATA
STAT CKTS FROM FROM TO TO
NODE NAME NODE NAME RP(P.U) XP(P.U) BP/2(PU)
RZ(P.U) Xz(P.U) BZ/2(PU) FC-MVA TC-MVA
3 1 15 BUS15 14 BUS14 0.00430 0.04770 0.63700
0.00860 0.09540 0.50000 50 50
3 1 7 BUS7 11 BUS11 0.02444 0.12226 0.10272
0.07332 0.36677 0.07190 50 50
3 1 12  BUS12 13 BUS13 0.01321 0.06608 0.05552
0.03963 0.19825 0.03887 50 50
3 2 13 BUS13 11 BUS11 0.00314 0.01570 0.05275
0.00941 0.04714 0.03692 50 50
3 1 13 BUS13 16 BUS16 0.00578 0.02891 0.02429
0.01734 0.08674 0.01700 50 50
3 1 16 BUS16 11 BUS11 0.00495 0.02478 0.02082
0.01486 0.07434 0.01457 50 50
3 1 16 BUS16 17 BUS17 0.00248 0.01239 0.01041
0.00743 0.03717 0.00729 50 50
3 4 5 BUS5 6 BUS6 0.00450 0.02251 0.30260
0.01350 0.06753 0.21180 50 50
3 1 6 BUS6 7 BUS7 0.03716 0.18586 0.15616
0.11147 0.55759 0.10930 50 50
3 1 6 BUS6 13 BUS13 0.05169 0.25856 0.21723
0.15506 0.77567 0.15210 50 50
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3 3 6 BUS6 16 BUS16 0.01530 0.07655 0.57882
0.04591 0.22964 0.40530 50 50
3 2 6 BUS6 8 BUS8 0.01239 0.06195 0.20822
0.03716 0.18586 0.14572 50 50
3 2 8 BUSS 9 BUS9 0.00363 0.01817 0.06107
0.01090 0.05452 0.04276 50 50
3 2 8 BUSS 10 BUS10 0.00330 0.01652 0.05552
0.00991 0.04956 0.03886 50 50
3 2 18 BUS18 19 BUS19 0.00537 0.02685 0.09022
0.01610 0.08054 0.06316 50 50
3 2 19 BUSI9 5 BUS5 0.01263 0.06319 0.21237
0.03790 0.18958 0.14866 50 50
3 2 19 BUS19 20 BUS20 0.01131 0.05658 0.19016
0.03394 0.16975 0.13310 50 50
3 1 20 BUS20 24 BUS24 0.01982 0.09913 0.08328
0.05945 0.29738 0.05832 50 50
3 1 24 BUS24 5 BUS5 0.02494 0.12473 0.10480
0.07418 0.37420 0.07336 50 50
3 1 22 BUS22 23 BUS23 0.03633 0.18173 0.15269
0.10899 0.54520 0.10690 50 50
3 2 22 BUS22 20 BUS20 0.01734 0.08674 0.29149
0.05202 0.26021 0.20400 50 50
3 1 22 BUS22 21 BUS21 0.00330 0.01652 0.01388
0.00991 0.04956 0.00972 50 50
GENERATOR DATA
FROM FROM POSITIVE NEGATIVE ZERO
NODE NAME R(P.U) X(P.U.) R(P.U.) X(P.U.) R(P.U.) X(P.U.) CB-MVA
4 BUS4 0.00050 0.02625 0.00050 0.02625 0.00050 0.02625 50
1 BUS1 0.00125 0.03409 0.00125 0.03409 0.00125 0.03409 50
2 BUS2 0.00100 0.07470 0.00100 0.07480 0.00100 0.07480 50
3 BUS3 0.00050 0.03735 0.00050 0.03740 0.00050 0.03740 50
LOAD DATA
NODE NAME
11 BUS11
17  BUS17
7 BUS7
12 BUS12
13 BUS13
6 BUS6
9 BUSO
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24

BUS10
BUS20
BUS23
BUS21
BUS16
BUS19
BUS24

Number of reduced buses: 4
Reduced bus array:

1

2

3

IMAGINARY

-9.97533

WWWNNNNR PR

WNERPRARWONRERPR,WODN

REAL

.57674

.55642
.48112
.54116
.55642
.80100
.16692
.08116
.48112
.16692
.71590

AP WOROOUO WU

.07156
.10001
.82485

07156

.49955
.67456
.47480
.10001
.67456
.07908
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3 4 -0.06290 0.28943
4 1 -0.54116 5.82485
4 2 -0.08116 0.47480
4 3 -0.06290 0.28943
4 4 0.77828 -4.28315
ZERO SEQUENCE ADMITTANCE MATRIX ELEMENTS FOR THE GIVEN SYSTEM
ROW NO COLUMN NO REAL  IMAGINARY
1 1 1.85798 2.79557
1 2 -0.38654 2.97755
1 3 -0.20996 1.32202
1 4 -0.00000 -0.00000
2 1 -0.38654 2.97755
2 2 0.54724 -3.25450
2 3 -0.12810 0.93226
2 4 -0.00000 -0.00000
3 1 -0.20996 1.32202
3 2 -0.12810 0.93226
3 3 0.35595 -1.48148
3 4 -0.00000 -0.00000
4 1 -0.00000 -0.00000
4 2 -0.00000 -0.00000
4 3 -0.00000 -0.00000
4 4 0.00000 0.00000
RETAINED ZONE : 0
NUMBER OF SERIES ELEMENTS IN THE REDUCED ZONES 6
SERIES CONNECTIONS
SLNO FROM NAME  TO NAME RP XP BP/2 Rz XZ Bz/2
1 1 BUS1 2 BUS2 0.021376 0.194833 0.0 0.042877 0.330280 0.0
2 1 BUS1 3 BUS3 0.048886 0.314993 0.0 0.117178 0.737806 0.0
3 1 BUS1 4 BUS4 0.015813 0.170209 0.0 0.000000 9999.000 0.0
4 2 BUS2 3 BUS3 0.058939 0.591298 0.0 0.144667 1.052787 0.0
5 2 BUS2 4 BUS4 0.349794 2.046351 0.0 0.000000 9999.000 0.0
6 3 BUS3 4 BUS4 0.717003 3.299303 0.0 0.000000 9999.000 0.0

THE REDUCED ZONES :

NUMBER OF SHUNT ELEMENTS 1IN
SHUNT CONNECTIONS IN (G+JB)
SLNO FROM NAME GP

4.02109 1.26147 7.09515
0.72137 0.03259 0.65530
0.98491 0.01788 0.77280
2.30593 -0.00000 -0.00000

1 1 BUS1 -0.00196
2 2 BUS2 -0.00350
3 3 BUS3 0.00497
4 4 BUS4 0.09307

FORMAT - PU
BP GZ
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Reduced system
Retaining all generator buses

ERALI:
AT

&>—

S0 =

Bus2
: AAANA

=

Procedure to do Case 2

CASE 2 : Retaining all generator buses and zone 1 buses

Fig 1 24Bus system is reduced with retaining all the buses to which the generators are
connected, and buses belonging to Zonel, such as 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15,
16, and 17 are also retained. All connections in zone 2 are reduced as equivalent
series impedance and shunt admittance.

Select menu option Solve = Network Reduction

Hetwork Aeduction E
Click here

Caze |2 vI

&' Execute After Input File Creation

Delete

Ezecute ..

' Only Input File Creation

" Execute with old Input File

— Results

Network...l Feport ... "JiewEus...l Graph ... |

Cloze |

Figure 16: Network Reduction case 2
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Study Information
Following study information screen will open. In that select zone 1 buses and all
generator buses.

NETWORK REDUCTIOIN x|

" Zonhe Reduction ¢ Buz Reduction

Zohe Mumber(z) Selected Zones

to be reduced BroRE T ahd Geherators Bus Number(s] to be retained
1 getlAT4[4]
2 2 get2AT1[1] Select
buses here
Give
network
Z Bus Print Option [/ M) T Mate:
Print Option [ [0ata and Fesult - Bus Mames marked with * are generatar buges.
I Sta ancnissuts J Thesze buzes must be selected if it is Bus
Feduced Metwork Hame  [CASE 2 Feduction

Multiplication Factar Ref. |1 vl
(]9 I Cancel |

Figure 17: Study information

Executing and viewing the report

NHetwork Reduction [ |

Caze |2 vl

" Erecute &fter Input File Creation

Delete

= Only Input File Creation

i Erecute with ald Input File Exscutes ... |
I .
|Click here

M ebwark, . | ﬁ,epolt... Wiew B I Graph ... I
—lAfter execution, click here to view
[ —————————

Figure 18: Executing and viewing the report

— Results
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Network Reduction Report for case 2

NETWORK REDUCTION

CASE NO : 12 CONTINGENCY : O SCHEDULE NO : O
CONTINGENCY NAME : Base Case

%%

TOTAL NUMBER OF BUSES : 24 ACTUAL NUMBER OF BUSES : 24
NUMBER OF 2 WIND. TRANSFORMERS : 5 NUMBER OF 3 WIND. TRANSFORMERS : 0
NUMBER OF TRANSMISSION LINES : 22

NUMBER OF SERIES REACTORS
NUMBER OF BUS COUPLERS
NUMBER OF SHUNT REACTORS
NUMBER OF SHUNT IMPEDANCES
NUMBER OF LOADS

NUMBER OF FILTERS

NUMBER OF SERIES CAPACITORS : 0

0
0
0 NUMBER OF SHUNT CAPACITORS
0 NUMBER OF GENERATORS
4
0

NUMBER OF HVDC CONVERTORS : 0

NUMBER OF ZONES 2

PRINT OPTION 3 (BOTH DATA AND RESULTS PRINT)
BASE MVA 100.000

PREFAULT VOLTAGE OPTION 1 (READ FROM THE FILE)
ZONE NUMBER RETAINED 0
ZBUS PRINT OPTION 0
YBUS REDUCTION OPTION 1 (NETWORK REDUCTION)

NOMINAL SYSTEM FREQUENCY; 50.000

17

1 2 3 4 5 6 7 8 9 10

11 12 13 14 15 16 17
CIRCUIT BREAKER RESISTANCE (PU) : 0.000000
CIRCUIT BREAKER REACTANCE (PU) : 0.000100
TRANSFORMER R/X RATIO : 0.050000
TRANSFORMER ZERO SEQUENCE IMPEDANCE MULT FACTOR = 0.900000
NUMBER OF TRANSMISSION VOLTAGE LEVELS : 3
TRANSMISSION LINE VOLTAGE - KV : 11.000000
TRANSMISSION LINE ZERO SEQUENCE RES. MULT. FACTOR 0.000000

TRANSMISSION LINE ZERO SEQUENCE REA. MULT. FACTOR ; 0.000000
TRANSMISSION LINE ZERO SEQUENCE ADM. MULT. FACTOR : 0.000000
TRANSMISSION LINE VOLTAGE - KV : 220.000000

TRANSMISSION LINE ZERO SEQUENCE RES. MULT. FACTOR :- 2.500000
TRANSMISSION LINE ZERO SEQUENCE REA. MULT. FACTOR : 2.500000
TRANSMISSION LINE ZERO SEQUENCE ADM. MULT. FACTOR : 0.025000
TRANSMISSION LINE VOLTAGE - KV : 400.000000
TRANSMISSION LINE ZERO SEQUENCE RES. MULT. FACTOR :  2.500000
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TRANSMISSION LINE ZERO SEQUENCE REA. MULT. FACTOR 2.500000
TRANSMISSION LINE ZERO SEQUENCE ADM. MULT. FACTOR 0.025000
GENERATOR NEGATIVE SEQUENCE RESISTANCE MULT. FACTOR 0.175000
GENERATOR NEGATIVE SEQUENCE REACTANCE MULT. FACTOR 0.175000
GENERATOR ZERO SEQUENCE RESISTANCE MULT. FACTOR 0.037500
GENERATOR ZERO SEQUENCE REACTANCE MULT. FACTOR 0.037500
LOAD NEGATIVE SEQUENCE IMPEDANCE MULT. FACTOR 0.810000
LOAD ZERO SEQUENCE IMPEDANCE MULT. FACTOR 1.600000
SERIES REACTOR ZERO SEQUENCE IMPEDANCE MULT. FACTOR 1.000000
SHUNT REACTOR ZERO SEQUENCE IMPEDANCE MULT. FACTOR 0.625000
Number of reduced buses : 17
Reduced bus array :
1 2 3 4 5 6 7 8 9 10
11 12 13 14 15 16 17
RETAINED ZONE : 0
NUMBER OF SERIES ELEMENTS IN THE REDUCED ZONES : 3
SERIES CONNECTIONS
SLNO FROM NAME  TO NAME RP XP BP/2 RZ Xz BZ/2
1 2 BUS2 3 BUS3 0.052959 0.698685 0.0 0.144805 1.117180 0.0
2 2 BUS2 5 BUS5 0.021307 0.167338 0.0 0.053638 0.341475 0.0
3 3 BUS3 5 BUS5 0.046777 0.270327 0.0 0.142020 0.762220 0.0
NUMBER OF SHUNT ELEMENTS IN THE REDUCED ZONES : 3
SHUNT CONNECTIONS IN (G+JB) FORMAT - PU
SLNO FROM NAME GP BP GZ BZ
1 2 BUS2 0.02202 0.39125 0.01230 0.36643
2 3 BUS3 0.02972 0.78283 0.01249 0.64382
3 5 BUS5 -0.03960 1.19377 -0.01182 0.66770
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Reduced network retaining all generator buses and zone 1 buses is shown
below.

Bus 3 [5]

AN

Pl

Bus2 [X]

Case 3 : Retaining all zone 1 buses

24 Bus Typical System Network reduced with retaining all the Zonel buses, such as 1,
4,5,6,7,8,9,10,11, 12, 13, 14, 15, 16, and 17.

Select menu option Solve @Network Reduction

Type 3 |£Iick here
Case E = Study Info... |

& Execute After Input File Creation
Delete |

¢ Only Input File Creation

" Execute with old Input Fils Execute ... |
R esults
’7 Metwork, ... I Report ... wiew Bls. I Graph ... I
| |

Figure 19: Type 3 network Reduction
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Study Information
Following study information screen will open.

NETWORK REDUCTIOIN - |
- Select zone reduction
% "Zare Reduction " Bus Reduction
Zove Number(s) Selected Zones .
to be reduced fienerator and Generators Bus Numberls) to be retained
. . 1 BUS1* .
1 1 getlAT4[4 220ne > 4 getdAT3 2 BUS
3 BUSH
4 BUS4
5 BUSE
& BUSE
7 BUSY
8 BUSH j

!Give network |—

Z Bus Print Option [Y/MN ] [ Mate:

Frink Option IData and Fesults - Bus Mames marked with * are generator buges,
These buzes must be selected if it is Bus

Reduced Metwark Mame  [CASE Reduction

Multiplication Factor Fef. |1 vI

Ok Cancel |

Figure 20: Select zone reduction

Executing and Viewing the Report
Network Reduction [ x|

Caze E hd I Study Ifo... |

& Execute After Input File Creation
Delete |

" Ol Input File Creation |C||Ck |

' Execute with old Input File Ewecute .. |
measlAfter execution click herel
Y

Network..l Repart ... V\ewBus...l Graph ... |

Close

Figure 21: Executing and Viewing the Report
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Network Reduction Report for Case 3::

NETWORK REDUCT ION
CASE NO : 13 CONTINGENCY : 0 SCHEDULE NO : 0
CONTINGENCY NAME : Base Case

%%

TOTAL NUMBER OF BUSES : 24 ACTUAL NUMBER OF BUSES : 24
NUMBER OF 2 WIND. TRANSFORMERS : 5 NUMBER OF 3 WIND. TRANSFORMERS : 0
NUMBER OF TRANSMISSION LINES : 22
NUMBER OF SERIES REACTORS : 0 NUMBER OF SERIES CAPACITORS o 0
NUMBER OF BUS COUPLERS : 0
NUMBER OF SHUNT REACTORS : 0 NUMBER OF SHUNT CAPACITORS : 0
NUMBER OF SHUNT IMPEDANCES : 0 NUMBER OF GENERATORS : 4
NUMBER OF LOADS : 14
NUMBER OF FILTERS : 0

NUMBER OF HVDC CONVERTORS : 0

NUMBER OF ZONES
PRINT OPTION 3 (BOTH DATA AND RESULTS PRINT)
BASE MVA : 100.000

NOMINAL SYSTEM FREQUENCY: 50.000

PREFAULT VOLTAGE OPTION : 1 (READ FROM THE FILE)

ZONE NUMBER RETAINED 1

ZBUS PRINT OPTION - 0

YBUS REDUCTION OPTION 1 (NETWORK REDUCTION)

NUMBER OF GENERATORS IN THE EXTERNAL SYSTEM : 2

RETAINED GENERATOR BUS IN THE EXTERNAL SYSTEM : 3

CIRCUIT BREAKER RESISTANCE (PU) : 0.000000
CIRCUIT BREAKER REACTANCE (PU) : 0.000100
TRANSFORMER R/X RATIO : 0.050000
TRANSFORMER ZERO SEQUENCE IMPEDANCE MULT FACTOR : 0.900000
NUMBER OF TRANSMISSION VOLTAGE LEVELS 3
TRANSMISSION LINE VOLTAGE - KV 11.000000
TRANSMISSION LINE ZERO SEQUENCE RES. MULT. FACTOR 0.000000

TRANSMISSION LINE ZERO SEQUENCE REA. MULT. FACTOR ; 0.000000

TRANSMISSION LINE ZERO SEQUENCE ADM. MULT. FACTOR 0.000000
TRANSMISSION LINE VOLTAGE - KV 220.000000
TRANSMISSION LINE ZERO SEQUENCE RES. MULT. FACTOR : 2.500000
TRANSMISSION LINE ZERO SEQUENCE REA. MULT. FACTOR : 2.500000
TRANSMISSION LINE ZERO SEQUENCE ADM. MULT. FACTOR : 0.025000
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000000

.500000
-500000
-025000

.175000
.175000
-037500
.037500
.810000
.600000
.000000
.625000

QGEN
QCOMP

-MR
-MR

.000
.000
.000
.000
.000
.000
-000
.000
-000
.000
.000

TRANSMISSION LINE VOLTAGE - KV 400.
TRANSMISSION LINE ZERO SEQUENCE RES. MULT. FACTOR 2
TRANSMISSION LINE ZERO SEQUENCE REA. MULT. FACTOR 2
TRANSMISSION LINE ZERO SEQUENCE ADM. MULT. FACTOR 0
GENERATOR NEGATIVE SEQUENCE RESISTANCE MULT. FACTOR 0
GENERATOR NEGATIVE SEQUENCE REACTANCE MULT. FACTOR 0
GENERATOR ZERO SEQUENCE RESISTANCE MULT. FACTOR 0
GENERATOR ZERO SEQUENCE REACTANCE MULT. FACTOR 0
LOAD NEGATIVE SEQUENCE IMPEDANCE MULT. FACTOR 0
LOAD ZERO SEQUENCE IMPEDANCE MULT. FACTOR 1
SERIES REACTOR ZERO SEQUENCE IMPEDANCE MULT. FACTOR 1
SHUNT REACTOR ZERO SEQUENCE IMPEDANCE MULT. FACTOR 0
BUS DATA

NODE STAT ZONE BUS-KV ~ NAME VMAG-PU VANG-DEG PGEN-MW
PLOAD-MW QLOAD-MR

1 1 1 11.000 BUS1 1.0200 0.000 563.710
0.000 0.000

2 1 2 11.000 BUS2 1.0200 1.609 125.000
0.000 0.000

3 1 2 11.000 BUS3 1.0200 3.521 190.000
0.000 0.000

4 1 1 11.000 BUS4 1.0200 3.906 380.000
0.000 0.000

5 1 1 220.000 BUS5 1.0164 -4.319 0.000
0.000 0.000

6 1 1 220.000 BUS6 1.0050 -10.410 0.000
70.240 30.100

7 1 1 220.000 BUS7 0.9676 -19.848 0.000
146.630 39.100

8 1 1 220.000 BUS8 0.9756 -14.538 0.000
0.000 0.000

9 1 1 220.000 BUS9 0.9737 -14.852 0.000
29.450 9.820

10 1 1 220.000 BUS10 0.9650 -15.333 0.000
87.820 48.790

11 1 1 220.000 BUS11 0.9733 -15.094 0.000
34.350 14.720

12 1 1 220.000 BUS12 0.9567 -17.674 0.000
29.100 9.700

13 1 1 220.000 BUS13 0.9641 -16.518 0.000
146.270 58.510

14 1 1 400.000 BUS14 0.9814 -12.324 0.000
0.000 0.000

15 1 1 400.000 BUS15 1.0104 -2.002 0.000
0.000 0.000

[eNeoNeoNoNolooNoNoNoNoNe]

.000
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16 1 1 220.000 BUS16 0.9638 -16.860  0.000  0.000
224.240 58.500  0.000
17 1 1 220.000 BUS17 0.9593 -17.271  0.000  0.000
58.310 24.300  0.000
18 1 2 220.000 BUS18 1.0039 -3.226  0.000  0.000
0.000  0.000  0.000
19 1 2 220.000 BUS19 0.9922 -5.084  0.000  0.000
129.290 99.460  0.000
20 1 2 220.000 BUS20 0.9910 -5.827  0.000  0.000
49.690 34.780  0.000
21 1 2 220.000 BUS21 0.9882 -3.029  0.000  0.000
72.400 47.600  0.000
22 1 2 220.000 BUS22 0.9984 -2.423  0.000  0.000
0.000  0.000  0.000
23 1 2 220.000 BUS23 0.9470 -7.400 0.000  0.000
48.170  28.900  0.000
24 1 2 220.000 BUS24 0.9726 -7.973  0.000  0.000
93.190 49.050  0.000
TRANSFORMER DATA
STAT CKTS FROM FROM TO TO POSITIVE ZERO
NODE NAME NODE NAME R(P.U) X(P.U.) R(P.U.) X(P.U.)
TAP  PHASE FB-MVA TB-MVA
3 2 4 BUS4 15 BUS15 0.00140 0.02804 0.00140 0.02804
1.00000 0.000 50 50 S D
3 1 14 BUS14 11 BUS11 0.00063 0.01250 0.00063 0.01250
1.00000 0.000 50 50 G G
3 8 5 BUS5 1 BUSI 0.00069 0.01387 0.00069 0.01387
1.00000 0.000 50 50 G G
3 1 2 BUS2 18 BUS18 0.00348 0.06968 0.00348 0.06968
1.00000 0.000 50 50 G G
3 1 3 BUS3 22 BUS22 0.00280 0.05609 0.00280 0.05609
1.00000 0.000 50 50 G G
TRANSMISSION LINE DATA
STAT CKTS FROM FROM TO TO
NODE NAME NODE NAME RP(P.U) XP(P.U) BP/2(PU)
RZ(P.U) XzZ(P.U) BZ/2(PU) FC-MVA TC-MVA
3 1 15 BUS15 14 BUS14 0.00430 0.04770 0.63700
0.00860 0.09540 0.50000 50 50
3 1 7 BUS7 11 BUS11 0.02444 0.12226 0.10272
0.07332 0.36677 0.07190 50 50
3 1 12 BUS12 13 BUS13 0.01321 0.06608 0.05552
0.03963 0.19825 0.03887 50 50
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3 2 13 BUS13 11 BUS11 0.00314 0.01570 0.05275
0.00941 0.04714 0.03692 50 50
3 1 13 BUS13 16 BUS16 0.00578 0.02891 0.02429
0.01734 0.08674 0.01700 50 50
3 1 16 BUS16 11 BUS11 0.00495 0.02478 0.02082
0.01486 0.07434 0.01457 50 50
3 1 16 BUS16 17 BUS17 0.00248 0.01239 0.01041
0.00743 0.03717 0.00729 50 50
3 4 5 BUS5 6 BUS6 0.00450 0.02251 0.30260
0.01350 0.06753 0.21180 50 50
3 1 6 BUS6 7 BUS7 0.03716 0.18586 0.15616
0.11147 0.55759 0.10930 50 50
3 1 6 BUS6 13 BUS13 0.05169 0.25856 0.21723
0.15506 0.77567 0.15210 50 50
3 3 6 BUS6 16 BUS16 0.01530 0.07655 0.57882
0.04591 0.22964 0.40530 50 50
3 2 6 BUS6 8 BUS8 0.01239 0.06195 0.20822
0.03716 0.18586 0.14572 50 50
3 2 8 BUS8 9 BUS9 0.00363 0.01817 0.06107
0.01090 0.05452 0.04276 50 50
3 2 8 BUSS 10 BUS1I0 0.00330 0.01652 0.05552
0.00991 0.04956 0.03886 50 50
3 2 18 BUS18 19 BUS19 0.00537 0.02685 0.09022
0.01610 0.08054 0.06316 50 50
3 2 19 BUS19 5 BUS5 0.01263 0.06319 0.21237
0.03790 0.18958 0.14866 50 50
3 2 19 BUS19 20 BUS20 0.01131 0.05658 0.19016
0.03394 0.16975 0.13310 50 50
3 1 20 BUS20 24 BUS24 0.01982 0.09913 0.08328
0.05945 0.29738 0.05832 50 50
3 1 24 BUS24 5 BUS5 0.02494 0.12473 0.10480
0.07418 0.37420 0.07336 50 50
3 1 22 BUS22 23 BUS23 0.03633 0.18173 0.15269
0.10899 0.54520 0.10690 50 50
3 2 22  BUS22 20 BUS20 0.01734 0.08674 0.29149
0.05202 0.26021 0.20400 50 50
3 1 22 BUS22 21 BUS21 0.00330 0.01652 0.01388
0.00991 0.04956 0.00972 50 50
GENERATOR DATA
FROM FROM POSITIVE NEGATIVE ZERO
NODE NAME R(P.U) X(P.U.) R(P.U.) X(P.U.) R(P.U.) X(P.U.) CB-MVA
4 BUS4 0.00050 0.02625 0.00050 0.02625 0.00050 0.02625 50
1 BUS1 0.00125 0.03409 0.00125 0.03409 0.00125 0.03409 50
2 BUS2 0.00100 0.07470 0.00100 0.07480 0.00100 0.07480 50
3 BUS3 0.00050 0.03735 0.00050 0.03740 0.00050 0.03740 50
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LOAD DATA
NODE NAME

11 BUS11

17 BUS17

7 BUS7

12 BUS12

13 BUS13

6 BUS6

9 BUS9

10 BUS10

20 BUS20

23 BUS23

21 BUS21

16 BUS16

19 BUS19

24 BUS24
EXTERNAL GENERATOR DATA
SLNO BUSNO NAME INERTIA-H-PU

1 2 BUS2 11.413

2 3 BUS3 11.413
Number of reduced buses : 4
Reduced bus array :

26 25 19 24
RETAINED ZONE: 1
NUMBER OF SERIES ELEMENTS IN THE REDUCED ZONES: 3
SERIES CONNECTIONS
SLNO FROM NAME TO NAME RP XP BP/2 RZ Xz
BZ/2

1 26 GEN3 19 BUS19 0.005764 0.110167 0.0 0.035423
0.769343 0.0

2 26 GEN3 24 BUS24 0.032432 0.587300 0.0 0.062020
1.347783 0.0

3 19 BUS19 24 BUS24 0.035152 0.187472 0.0 0.099468

0.620119 0.0

NUMBER OF SHUNT ELEMENTS IN THE REDUCED ZONES : 3

SHUNT CONNECTIONS IN (G+JB) FORMAT - PU
SLNO FROM NAME GP BP GZ Bz

1 19 BUS19 1.90970 -0.24798 2.10356 -5.24444
2 24 BUS24 1.31295 -0.34366 1.20133 -0.48369
3 26 GEN3 0.82939 -0.61373 0.91642 -0.43791
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EQUIVALENT GENERATOR INERTIA CONSTANT - PU : 22.82422
EQUIVALENT GENERATOR REAL POWER - MW : 315.55176
EQUIVALENT GENERATOR REACTIVE POWER - MVAR : 86.34813
EQUIVALENT GENERATOR TERMINAL VOLTAGE MAG : 1.00000
EQUIVALENT GENERATOR TERMINAL VOLTAGE ANG-D: 6.99663
EQUIVALENT GENERATOR RESISTANCE PU : 0.00000
EQUIVALENT GENERATOR REACTANCE PU z 0.00001
Bus24[24]
AN
Bus26[26]
Bus3s [5]
Retained
Zone 1
= ||
Bus19[19]
AN

i

Reduced system for case 3: Retaining all Zone 1 buses

3.INPUT FORMAT

Input data to POWERYBR is through an ASCII file. The file name is "YBRIN". Results
are written to files " YBROUT" and "YBRTOETC". Significance and contents of these
files are explained in chapter 3.

The input data is read in free format. Input data is divided into different heads called
streams for explanation purposes. int' is used to indicate that the data type is an
integer. “float' is used to reference the floating point (real) variable. Character streams
(string) are indicated by “char' type.
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In order to reduce the effort in preparing the data, input format for POWERYBR is
retained almost same as that required for short circuit study. Hence the document on
Short Circuit Study module (Chapter two, Short Circuit Study data preparation for
POWERSCS) can be referred for further details. Only those changes in the input data
format from the input data format of POWRESCS are explained in this section. The

changes are only in stream 2, i.e., System Specification. In stream 2 -

e Line 1 which describes the system size definition remains unaltered.

e Program control options given in line 2 and 3 differ in " YBRIN".

In table 2.1, the data appearing in different columns of line 2 are given.

Table 3.1: System Specification - Line 2 : Control Option

Col. Description Type | Min Max
No
1. Number of zones int 0 20
2. Print option int 0 4
3. Base MVA float 0.1 | 10000.
0
4. Nominal system | float 0.1 100.0
frequency
5. Initial voltage option int 0 1
6. Zone number buses int 0 20
retained
7. Z bus print option int 0 1
8. Y bus reduction option int 0 1

Explanation to entries given in table 2.1, are as follows

In power system, the equipments are owned by different utilities, and in a same utility,
equipments belong to different zones. Hence each bus is associated with a number
called zone. All the equipments (shunt elements) connected to the bus are attributed
to the zone of the bus. In case of series elements, the line belongs to the zone of the
from bus (sending bus). Number of zones in the given power system are given in

column 1.
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e Print option in table 2.1 is interpreted as -
— 0 : No printing of data or results.
: Data printing only.
: Results printing only.
: Both data and results printing.
: Detailed printing of data and results.

A W NP

e Network parameter (resistance, reactance etc.,) data to POWERYBR is in pu on a
common MVA base. The common MVA base is provided in column 3 of table 2.1.

¢ Initial voltage option is interpreted as -
— 0 Initial voltage of 1.0 pu is assumed at all the buses.
— 1 :Initial voltage is read from the file.

For preparing the data file subsequently used for load flow analysis, dynamic stability
study and transient stability study (“LFAIN” file of POWERLFA, "DYSIN" file of
POWERDYS and "TRSOUT" file of POWERTRS) initial voltage option should be
always 1. Data for initial voltage and operating condition of the system are given in bus
data stream. Column 6 entry is interpreted based on the YBUS reduction option as
given in column 8.

e |f the YBUS reduction option is 1, then this entry gives the number of buses in the
retained system. In the practical power system, buses are grouped to form
different zones/areas. If the zone number in column 6 is other than zero, and the
YBUS reduction option is 1, then the corresponding zone is retained. This implies,
the network elements internal to the system and also the tie line connections are
retained. If the zone number is zero (0), then the nodes specified in the
subsequent stream are retained.

e Zbus option is interpreted as -

— 0 No print of Zbus for the reduced system.
— 1: Zbus for the reduced system is printed.

e YBUS reduction option given in column 8 is interpreted as -
— 0: YBUS reduction option for dynamic stability study.
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1: YBUS reduction option for static and dynamic equivalents.

Line 3 of stream 2 is interpreted as -

If the YBUS reduction option is 0, bus numbers to be retained are given
(int filed separated by blanks).

If the YBUS reduction option is 1, and the retained zone number field is
zero (0), then the first entry gives the number of buses retained in the
original system (int field). Subsequently, bus numbers to be retained are
given (int field separated by blanks).

If the YBUS reduction option is 1, and the retained zone number field is
other than zero (0), two values (int fields) are read. First value indicates
the number of generators in the external system. Second field indicates
the generator bus number in the external system to be considered as
reference. If there are no generators in the external system, then both the
values are entered as zero (0).

Line 4 in "SCSIN" which gives the fault impedance data is not present in "YBRIN".

Line 5, which gives the multiplication factors, remains unaltered in "YBRIN".

Line 6, which gives the travelling shunt fault, is not present in "YBRIN".

If the YBUS reduction option is 1, i.e., equivalent generator is considered, for each
retained generator bus, bus number and the corresponding inertia constant in pu on a
common base are given as the last stream.
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4.INPUT/OUTPUT FILES

Table 3.1 gives names of different input and output files used by POWERYBR.

Table 4.1: Input and Output Files of POWERYBR

Sl. File Name Mode Description

No.

1. "YBRIN" input Program input file

2. "YBROUT" output | Program output (general report) file

3. “YBRTOET output | File in pre-defined format used by other
c" programs.

"YBROUT" file contains -

Input data to the program, in the order the data is read.

New order for the buses, if the report option is 4.

Ybus element values for the system, if the report option is 4.

Zbus element values if the report option is 4.

Zbus of the reduced system if the Zbus option is 1.

Positive, negative and zero sequence bus admittance matrix elements in
rectangular form.

e Additional series and shunt connections data, arising because of the
network reduction.

"YBRTOETC" file contains -

e |f the YBUS reduction optionis O -
— Number of buses in the reduced system (one int field).
For each elements of positive sequence Ybus -
*  row number (int field),
*  column number (int field),
*  real value (float field),
* imaginary value (float filed),
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in the row wise and column wise.
Negative sequence and Zero sequence Ybus elements in the
above order.

e |f the YBUS reduction optionis 1 -

Zone number retained (int field).

Number of additional series elements due to network reduction
(int field).

For each series element, from node and to node numbers (int
fields), positive sequence resistance, reactance and susceptance
(b/2), and zero sequence resistance, reactance and susceptance
(b/2) in pu on the given base (6 float fields).

Number of shunt elements, arising because of the network
reduction (int field).

For each shunt element, from node number (int field), positive
sequence conductance and susceptance (G+jB), and zero
sequence conductance and susceptance in pu on the given base
(4 float fields).

Number of generators retained in the external system (int field). If
this value is zero, subsequent entries will not be present.

For each retained generator, generator bus number (int field),
equivalent inertia H in pu on a common base, real power
generation in MW, reactive power generation in Mvar, bus
voltage in pu, bus angle indegrees,

Equivalent generator resistance and reactance in pu on a
common base (totally 7 float fields). While reducing the network,
generator internal buses are considered. Hence the resistance
value is 0.0, and the reactance value is negligible.

Contents of YBRTOETC file can be made use of by other programs.

The file names in table 3.1 are the default, when no arguments (parameters) are
passed to POWERYB.

Error Messages
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If the program while execution traces any error, an error message is written to the
report file and further execution of the program is terminated. The error messages,
which are traced by the program, are printed in the following format -

Error Number Error Message Error Description

Error number is a number by which the error is identified. The nature of error is given
in the error message. An error description specific to user/application is also given.

The errors identified by the program are -

[Error no 0] Parameter passing error : If there is an error in passing

parameters to the program, then an error is reported. In the description, the
missing parameter is named.

[Error no 1] Input file opening error : If the input data file name specified by
the user is not found or if an error occurs while the input file is opened, this
message is generated. If there are more than one input file for the program
then, the description specifies missing input file.

[Error no 2] Output file opening error : If an error occurs while opening the
output file, this message is generated.

[Error no 3] Too less parameters to read : If the data provided is insufficient
then, this error is displayed. The input data 'stream' for which data is
insufficient is also described in the error message.

[Error no 4] Memory allocation _error : If memory is not allocated for a
variable for which dynamic memory allocation is done, this error message is
given. The variable for which memory allocation is not successfully done is
mentioned in the error description.

[Error no 5] Invalid character : If an invalid character data is present in the
input data file then this message is generated. The data item for which invalid
character is entered is also mentioned in the error message.

[Error no 6] Invalid number : If an invalid integer data is present in the input
data file then this message is displayed. The data item for which invalid
integer data is given is also mentioned in the error message.
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e [Error no 7] Invalid value : If the data given exceeds the limits mentioned for
each item mentioned under different streams, an error message is given
along with a description of the data item.

e [Error no 8] Division by zero : During a mathematical operation, if division by
zero occurs, then this error is generated. The variable, which may have
caused this condition, is mentioned in the error description.

o [Error no 9] Diverging error : This message is generated if no convergence
is observed after a specified number of iterations.

e [Error no 10] Error in data, Results not okay : If an erroneous input data is
present which doesn't come under any of the above mentioned categories
as a result of which wrong results are obtained, then this message is
generated.

e These errors are displayed in the output file mentioned by the user. Some of
the common error messages and their probable reason for occurrence are -

For example the input file is - ybrin and ybrout is output (report) file, then if input file
is not found in the current working directory, or error while opening the file, or
insufficient data being present in the data file, or the bus number given for any element
is not mentioned in the bus data stream, the message generated will be as follows.

ERROR [1] : Input file opening error - Input file not opened for reading is written to the
report file. If the program expects data to be read from input file, but the user has not
provided data and end of file is reached, then the error message is written in the report
file.

ERROR [3] : Too less parameters to read - Insufficient data provided for Stream No(-)
is written to the report file. If the from/to bus of a transformer specified by the user
doesn't exist in the bus data stream, then an error message is written in the report file.

ERROR [6] :Invalid number - Invalid busid specified is written to the report file.
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5.CASE STUDY

In this section, a 24-bus system is considered as an example to test POWERYBR
single line diagram of a sample 24-node system in figure 5.1. Four different cases are
considered to show the capability of POWERYBR.

The different cases are as follows:

e Case 1: Reduced system with only generator buses being retained.

e Case 2 : Reduced system with retaining generator buses and buses belonging to
Zone 1 only.

e Case 3: Reduced system with retaining buses belongs to Zone 1 only.

e Case 4 : Reduced system for dynamic stability.
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Figure 22: Sample 24 node System
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5.1 Case 1: Retaining all generator buses

In this case, the sample system shown in figure 5.1 is reduced all the buses to which
the generators are connected, such as equivalent series impedances between the
retained buses and shunt admittances at the retained buses. The detailed listing of
“YBRIN” and “YBROUT” files is given in Reportd 5.1 and 5.2 respectively. The single
line diagram of the reduced system is shown in figure 5.2

“YBRIN" File Listing for Case 1.

NETWORK REDUCTION

CASE NO : 1 CONTINGENCY :- O SCHEDULE NO :- O
% Common System Specifications

24 24 5 0 22 0 0 0 0 0 O

4 14 0 0

% Control Options

% 1. No of Areas 2. YBUS print Option

% 3. BaseMVA 4_ Nominal Freq 5. PreFaultOpt
2 3 100.000000 50.0000 1

% 6. ZoneNo Retained 7. ZBUS Print Option
% 8. YBUS Reduction Option
0 3 1

% Retained Buses
4
1 2 3 4

% CBResistance CBReactance Trans R/X
0.000000 0.000100 0.050000

% Multiplication Factors
% 1. Transformer Zero Seq Impedance Factor
% 2. No OF Voltage Levels

% i. Transmission Line Voltage

% ii. Transmission Line Zero Seq Res Mult Factor
% iii. Transmission Line Zero Seq Rea Mult Factor
% iv. Transmission Line Zero Seq Adm Mult Factor

3. Generator Negative Seq Resistance Mult Fact
4. Generator Negative Seq Reactance Mult Fact
5. Generator Zero Seq Resistance Mult Fact
% 6. Generator Zero Seq Reactance Mult Fact
7. Load Negative Seq Imp Mult Fact
8. Load Zero Seq Imp Mult Fact

9. Series Reactor Zero Seq Imp Mult Fact

0. Shunt Reactor Zero Seq Imp Mult Fact
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0.90000 3
11.0000 2.5000 2.5000 0.0250
220.0000 2.5000 2.5000 0.0250
400.0000 2.5000 2.5000 0.0250
0.1750 0.1750 0.0375 0.0375
0.8100 1.6000 1.0000 0.6250
% Bus Data
% Busld AreaNo BaseVolt BusName VMag
% PGen(mw) QGen(mvar) PLoad(mw) QLoad(mvar) QComp(mvar)
11 1 11.000 BUS1 1.02000 0.00000
563.70 19.58 0.00 0.00 0.00
21 2 11.000 BUS2 1.02000 1.60957
125.00 22.50 0.00 0.00 0.00
31 2 11.000 BUS3 1.02000 3.52133
190.00 39.57 0.00 0.00 0.00
41 1 11.000 BUS4 1.02000 3.90614
380.00 35.27 0.00 0.00 0.00
51 1 220.000 BUS5 1.01639 -4.31840
0.00 0.00 0.00 0.00 0.00
6 1 1 220.000 BUS6 1.00496 -10.40950
0.00 0.00 70.24 30.10 30.00
7 1 1 220.000 BUS7 0.96764 -19.84798
0.00 0.00 146.63 39.10 30.00
8 1 1 220.000 BUS8 0.97560 -14.53740
0.00 0.00 0.00 0.00 0.00
91 1 220.000 BUS9 0.97373 -14.85133
0.00 0.00 29.45 9.82 0.00
10 1 1 220.000 BUS10 0.96503 -15.33271
0.00 0.00 87.82 48.79 0.00
11 1 1 220.000 BUS11 0.97330 -15.09323
0.00 0.00 34.35 14.72 0.00
12 1 1 220.000 BUS12 0.95674 -17.67398
0.00 0.00 29.10 9.70 0.00
13 1 1 220.000 BUS13 0.96415 -16.51734
0.00 0.00 146.27 58.51 0.00
14 1 1 400.000 BUS14 0.98142 -12.32362
0.00 0.00 0.00 0.00 0.00
15 1 1 400.000 BUS15 1.01044 -2.00128
0.00 0.00 0.00 0.00 0.00
16 1 1 220.000 BUS16 0.96382 -16.85907
0.00 0.00 224.24 58.50 0.00
17 1 1 220.000 BUS17 0.95927 -17.27090
0.00 0.00 58.31 24_30 0.00
18 1 2 220.000 BUS18 1.00393 -3.22595
0.00 0.00 0.00 0.00 0.00
19 1 2 220.000 BUS19 0.99224 -5.08417
0.00 0.00 129.29 99.46 0.00
20 1 2 220.000 BUS20 0.99105 -5.82668
0.00 0.00 49.69 34.78 0.00
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211

22 1

23 1

24 1

2 220.000
0.00

2 220.000
0.00

2 220.000
0.00

2 220.000
0.00

BUS21 0.98818
72.40
BUS22 0.99839
00
BUS23 0.94695
48.17
BUS24 0.97263
93.19

0.00

0.00 0.

0.00

0.00

% Two Winding Transformer Data

%
%

1. Status
6. +ve X

7. Zero R

-3.
47.
-2.

-7.
28.
-7.
49.

2. NoOfCkts 3. FromBus 4. ToBus
8. Zero X 9. NomTap 10. PhaseShift

%11. FromBreaker MVARat 12. ToBreaker MVARat
%13. FromWindConn

w

1
3
1
3
1.
3
1
3
1

2 4
.00000 0.00000
1 14
.00000 0.00000

8 5
00000 0.00000

1 2
.00000 0.00000
1 3
.00000 0.00000

14. ToWindConn

15
50.0000
11
50.0000

1 6.940489e-004 1.387265e-002 6.940485e-004

50.0000
18
50.0000
22
50.0000

50.0000 G G

50.0000 G G

50.0000 G G

50.0000 G G

50.0000 G G

Three Winding Transformer
Transmission Line
1.Status 2.NoOfCkts 3.FromBus 4.ToBus 5.+veR 6.+veX 7.+veB/2

5. +ve R

1.402248e-003 2.804497e-002 1.402248e-003

6.302072e-004 1.250413e-002 6.302081e-004

3.484147e-003 6.968295e-002 3.484147e-003

2.803993e-003 5.608996e-002 2.803993e-003

2.804497e-002

1.250413e-002

1.387265e-002

6.968295e-002

5.608996e-002

% 8.ZeroR 9.ZeroX 10.ZeroB/2

%11.FromCBMVARating 12_.ToCBMVARating

3 1 15 14 4.300000e-003 4.770000e-002 6.370000e-001 0.00860 0.09540
0.50000 50.000 50.000

3 1 7 11 2.444000e-002 1.222600e-001 1.027200e-001 0.07332 0.36677
0.07190 50.000 50.000

3 1 12 13 1.321000e-002 6.608000e-002 5.552000e-002 0.03963 0.19825
0.03887 50.000 50.000

3 2 13 11 3.140000e-003 1.570000e-002 5.275000e-002 0.00941 0.04714
0.03692 50.000 50.000

3 1 13 16 5.780000e-003 2.891000e-002 2.429000e-002 0.01734 0.08674
0.01700 50.000 50.000

3 1 16 11 4.950000e-003 2.478000e-002 2.082000e-002 0.01486 0.07434
0.01457 50.000 50.000

3 1 16 17 2.480000e-003 1.239000e-002 1.041000e-002 0.00743 0.03717
0.00729 50.000 50.000

3 4 5 6 4.500000e-003 2.251000e-002 3.026000e-001 0.01350 0.06753
0.21180 50.000 50.000

3 1 6 7 3.716000e-002 1.858600e-001 1.561600e-001 0.11147 0.55759
0.10930 50.000 50.000

3 1 6 13 5.169000e-002 2.585600e-001 2.172300e-001 0.15506 0.77567
0.15210 50.000 50.000
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% Generator Data
% 1.BusNo 2.+ve R 3.+veX 4.-veR
% 8.CBMVA

4 5.000000e-004 2.625000e-002
2.625000e-002 50.000

1 1.250000e-003 3.408750e-002
3.408750e-002 50.000

2 1.000000e-003 7.470000e-002
7 .480000e-002 50.000

3 5.000000e-004 3.735000e-002
3.740000e-002 50.000

Load Data
LoadBus
11

17

7

12

13

6

9

10

20

23

21

16

XX

3 3 6 16 1.530000e-002 7
0.40530 50.000 50.000
3 2 6 8 1.239000e-002 6.
0.14572 50.000 50.000
3 2 8 9 3.630000e-003 1.
0.04276 50.000 50.000
3 2 8 10 3.300000e-003 1
0.03886 50.000 50.000
3 2 18 19 5.370000e-003 2.
0.06316 50.000 50.000
3 2 19 5 1.263000e-002 6.
0.14866 50.000 50.000
3 2 19 20 1.131000e-002 5.
0.13310 50.000 50.000
3 1 20 24 1.982000e-002 9.
0.05832 50.000 50.000
3 1 24 5 2.494000e-002 1
0.07336 50.000 50.000
3 1 22 23 3.633000e-002 1.
0.10690 50.000 50.000
3 2 22 20 1.734000e-002 8.
0.20400 50.000 50.000
3 1 22 21 3.300000e-003 1.
0.00972 50.000 50.000

.655000e-002

195000e-002

817000e-002

.652000e-002

685000e-002

319000e-002

658000e-002

913000e-002

.247300e-001

817300e-001

674000e-002

652000e-002

5.-veX 6.ZeroR

5.000000e-004

1.250000e-003

1.000000e-003

5.000000e-004

.788200e-001

.082200e-001

-107000e-002

-552000e-002

.022000e-002

-123700e-001

-901600e-001

-328000e-002

.048000e-001

-526900e-001

-914900e-001

.388000e-002

7.ZeroX

2.625000e-002

3.408750e-002

7.480000e-002

3.740000e-002

.04591

.03716

.01090

.00991

.01610

.03790

.03394

.05945

.07418

.10899

.05202

.00991

0.22964

0.18586

0.05452

0.04956

0.08054

0.18958

0.16975

0.29738

0.37420

0.54520

0.26021

0.04956

5.000000e-004

1.250000e-003

1.000000e-003

5.000000e-004

Power Research and Development Consultants Pvt. Ltd.

Page 49



MiP-PSCT YBR
19
24
Report 5.2: “ YBROUT ” File Listing for Case 1.
Date and Time Wed Dec 16 10:43:41 1998
NETWORK REDUCTION
CASE NO : 1 CONTINGENCY : O SCHEDULE NO : O
TOTAL NUMBER OF BUSES 24 ACTUAL NUMBER OF BUSES 24
NUMBER OF 2 WIND. TRANSFORMERS : 5 NUMBER OF 3 WIND. TRANSFORMERS : 0
NUMBER OF TRANSMISSION LINES : 22
NUMBER OF SERIES REACTORS : 0 NUMBER OF SERIES CAPACITORS 0
NUMBER OF BUS COUPLERS : 0
NUMBER OF SHUNT REACTORS : 0  NUMBER OF SHUNT CAPACITORS 0
NUMBER OF SHUNT IMPEDANCES : 0 NUMBER OF GENERATORS 4
NUMBER OF LOADS 14
NUMBER OF FILTERS : 0
NUMBER OF HVDC CONVERTORS : 0
NUMBER OF ZONES 2
PRINT OPTION : 3 (BOTH DATA AND RESULTS PRINT)
BASE MVA : 100.000

NOMINAL SYSTEM FREQUENCY: 50.000
PREFAULT VOLTAGE OPTION : 1 (READ FROM THE FILE)

ZONE NUMBER RETAINED - 0
ZBUS PRINT OPTION - 0
YBUS REDUCTION OPTION : 1 (NETWORK REDUCTION)

4

1 2 3 4
CIRCUIT BREAKER RESISTANCE (PU) 0.000000
CIRCUIT BREAKER REACTANCE (PU) 0.000100
TRANSFORMER R/X RATIO 0.050000
TRANSFORMER ZERO SEQUENCE IMPEDANCE MULT FACTOR 0.900000
NUMBER OF TRANSMISSION VOLTAGE LEVELS -3
TRANSMISSION LINE VOLTAGE - KV - 11.000000

TRANSMISSION LINE ZERO SEQUENCE RES. MULT. FACTOR : 2.500000
TRANSMISSION LINE ZERO SEQUENCE REA. MULT. FACTOR : 2.500000
TRANSMISSION LINE ZERO SEQUENCE ADM. MULT. FACTOR : 0.025000

TRANSMISSION LINE VOLTAGE - KV : 220.000000
TRANSMISSION LINE ZERO SEQUENCE RES. MULT. FACTOR : 2.500000
TRANSMISSION LINE ZERO SEQUENCE REA. MULT. FACTOR :  2.500000
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.025000
.000000
-500000
-500000
.025000

.175000
.175000
.037500
.037500
.810000
.600000
.000000
.625000

QGEN
QCOMP

30.

-MR
-MR

-000
-000

TRANSMISSION LINE ZERO SEQUENCE ADM. MULT. FACTOR 0

TRANSMISSION LINE VOLTAGE - KV 400

TRANSMISSION LINE ZERO SEQUENCE RES. MULT. FACTOR 2

TRANSMISSION LINE ZERO SEQUENCE REA. MULT. FACTOR 2

TRANSMISSION LINE ZERO SEQUENCE ADM. MULT. FACTOR 0

GENERATOR NEGATIVE SEQUENCE RESISTANCE MULT. FACTOR 0

GENERATOR NEGATIVE SEQUENCE REACTANCE MULT. FACTOR 0

GENERATOR ZERO SEQUENCE RESISTANCE MULT. FACTOR 0

GENERATOR ZERO SEQUENCE REACTANCE MULT. FACTOR 0

LOAD NEGATIVE SEQUENCE IMPEDANCE MULT. FACTOR 0

LOAD ZERO SEQUENCE IMPEDANCE MULT. FACTOR 1

SERIES REACTOR ZERO SEQUENCE IMPEDANCE MULT. FACTOR 1

SHUNT REACTOR ZERO SEQUENCE IMPEDANCE MULT. FACTOR 0
BUS DATA

NODE STAT ZONE BUS-KV ~ NAME VMAG-PU VANG-DEG PGEN-MW

PLOAD-MW QLOAD-MR

1 1 1 11.000 BUS1 0200 0.000 563.700

0.000 0.000

2 1 2 11.000 BUS2 0200 1.610 125.000

0.000 0.000

3 1 2 11.000 BUS3 0200 3.521 190.000

0.000 0.000

4 1 1 11.000 BUS4 .0200 3.906 380.000

0.000 0.000

5 1 1 220.000 BUS5 .0164 -4.318 0.000

0.000 0.000

6 1 1 220.000 BUS6 .0050 -10.410 0.000

70.240 30.100

7 1 1 220.000 BUS7 .9676 -19.848 0.000

146.630 39.100

8 1 1 220.000 BUS8 .9756 -14.537 0.000

0.000 0.000

9 1 1 220.000 BUS9 .9737 -14.851 0.000

29.450 9.820

10 1 1 220.000 BUS10 .9650 -15.333 0.000

87.820 48.790

11 1 1 220.000 BUS11 .9733 -15.093 0.000

34.350 14.720

12 1 1 220.000 BUS12 .9567 -17.674 0.000

29.100 9.700

13 1 1 220.000 BUS13 .9642 -16.517 0.000

146.270 58.510

14 1 1 400.000 BUS14 .9814 -12.324 0.000

0.000 0.000

15 1 1 400.000 BUS15 .0104 -2.001 0.000

0.000 0.000

16 1 1 220.000 BUS16 .9638 -16.859 0.000

OOOOOOOOOOOOOOOOO%O

.000
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224.240 58.500  0.000
17 1 1 220.000 BUS17 0.9593 -17.271  0.000  0.000
58.310  24.300  0.000
18 1 2 220.000 BUS18 1.0039 -3.226 0.000  0.000
0.000  0.000  0.000
19 1 2 220.000 BUS19 0.9922 -5.084 0.000  0.000
129.290  99.460  0.000
20 1 2 220.000 BUS20 0.9911 -5.827  0.000  0.000
49.690 34.780  0.000
21 1 2 220.000 BUS21 0.9882 -3.029  0.000  0.000
72.400 47.600  0.000
22 1 2 220.000 BUS22 0.9984 -2.423  0.000  0.000
0.000 0.000  0.000
23 1 2 220.000 BUS23 0.9470 -7.400  0.000  0.000
48.170  28.900  0.000
24 1 2 220.000 BUS24 0.9726 -7.973  0.000  0.000
93.190 49.050  0.000
TRANSFORMER DATA
STAT CKTS FROM FROM TO TO POSITIVE ZERO
NODE NAME NODE NAME R(P.U) X(P.U.) R(P.U.) X(P.U.)
TAP  PHASE FB-MVA TB-MVA
3 2 4 BUS4 15  BUSI5 0.00140 0.02804 0.00140 0.02804
1.00000  0.000 50 50 G G
3 1 14 BUS14 11 BUS11 0.00063 0.01250 0.00063 0.01250
1.00000  0.000 50 50 G G
3 8 5 BUS5 1 BUS1 0.00069 0.01387 0.00069 0.01387
1.00000  0.000 50 50 G G
3 1 2 BUS2 18  BUS18 0.00348 0.06968 0.00348 0.06968
1.00000  0.000 50 50 G G
3 1 3 BUS3 22  BUS22 0.00280 0.05609 0.00280 0.05609
1.00000  0.000 50 50 G G
TRANSMISSION LINE DATA
STAT CKTS FROM FROM TO TO
NODE NAME NODE NAME RP(P.U) XP(P.U) BP/2(PU)
RZ(P.U) XzZ(P.U) BZ/2(PU) FC-MVA TC-MVA
3 1 15 BUS15 14 BUS14 0.00430 0.04770 0.63700
0.00860 0.09540 0.50000 50 50
3 1 7 BUS7 11 BUS11 0.02444 0.12226 0.10272
0.07332 0.36677 0.07190 50 50
3 1 12  BUS12 13 BUS13 0.01321 0.06608 0.05552
0.03963 0.19825 0.03887 50 50
3 2 13 BUS13 11 BUS11 0.00314 0.01570 0.05275
0.00941 0.04714 0.03692 50 50
3 1 13  BUS13 16 BUS16 0.00578 0.02891 0.02429
0.01734 0.08674 0.01700 50 50
3 1 16 BUS16 11 BUS11 0.00495 0.02478 0.02082
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0.01486 0.07434 0.01457 50 50
3 1 16 BUS16 17 BUS17 0.00248 0.01239 0.01041

0.00743 0.03717 0.00729 50 50
3 4 5 BUS5 6 BUS6 0.00450 0.02251 0.30260

0.01350 0.06753 0.21180 50 50
3 1 6 BUS6 7 BUS7 0.03716 0.18586 0.15616

0.11147 0.55759 0.10930 50 50
3 1 6 BUS6 13 BUS13 0.05169 0.25856 0.21723

0.15506 0.77567 0.15210 50 50
3 3 6 BUS6 16 BUS16 0.01530 0.07655 0.57882

0.04591 0.22964 0.40530 50 50
3 2 6 BUS6 8 BUS8 0.01239 0.06195 0.20822

0.03716 0.18586 0.14572 50 50
3 2 8 BUS8 9 BUS9 0.00363 0.01817 0.06107

0.01090 0.05452 0.04276 50 50
3 2 8 BUS8 10 BUS10 0.00330 0.01652 0.05552

0.00991 0.04956 0.03886 50 50
3 2 18 BUS18 19 BUS19 0.00537 0.02685 0.09022

0.01610 0.08054 0.06316 50 50
3 2 19 BUS19 5 BUS5 0.01263 0.06319 0.21237

0.03790 0.18958 0.14866 50 50
3 2 19 BUS19 20 BUS20 0.01131 0.05658 0.19016

0.03394 0.16975 0.13310 50 50
3 1 20 BUS20 24 BUS24 0.01982 0.09913 0.08328

0.05945 0.29738 0.05832 50 50
3 1 24 BUS24 5 BUS5 0.02494 0.12473 0.10480

0.07418 0.37420 0.07336 50 50
3 1 22 BUS22 23 BUS23 0.03633 0.18173 0.15269

0.10899 0.54520 0.10690 50 50
3 2 22 BUS22 20 BUS20 0.01734 0.08674 0.29149

0.05202 0.26021 0.20400 50 50
3 1 22 BUS22 21 BUS21 0.00330 0.01652 0.01388

0.00991 0.04956 0.00972 50 50
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GENERATOR DATA

FROM FROM POSITIVE NEGAT IVE ZERO
NODE NAME R(P.U) X(P.U.) R(P.U.) X(P.U.) R(P.U.) X(P.U.) CB-MVA
4 BUS4 0.00050 0.02625 0.00050 0.02625 0.00050 0.02625 50
1 BUS1 0.00125 0.03409 0.00125 0.03409 0.00125 0.03409 50
2 BUS2 0.00100 0.07470 0.00100 0.07480 0.00100 0.07480 50
3 BUS3 0.00050 0.03735 0.00050 0.03740 0.00050 0.03740 50
LOAD DATA
NODE NAME
11 BUS11
17 BUS17
7  BUS?
12 BUS12
13 BUS13
6  BUS6
9  BUS9
10  BUS10
20  BUS20
23 BUS23
21 BUS21
16  BUS16
19  BUS19
24  BUS24

Number of reduced buses : 4
Reduced bus array :
1 2 3 4

ROW NO COLUMN NO REAL  IMAGINARY
1 1 4.84122 -12.15417
1 2 -0.00502 4.64545
1 3 0.05451 2.69446
1 4 1.13690 4.56290
2 1 -0.00502 4.64545
2 2 1.01332 -6.70635
2 3 0.04604 1.48618
2 4 0.08059 0.35653
3 1 0.05451 2.69446
3 2 0.04604 1.48618
3 3 1.46098 -4.75623
3 4 0.05115 0.20579
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4 1 1.13690 4.56290
4 2 0.08059 0.35653
4 3 0.05115 0.20579
4 4 2.05991 -5.37231

4.84122
-0.00502
.05451
.13690
.00502
.01332
.04604
.08059
.05451
.04604
.46098
.05115
.13690
.08059
.05115
.05991

NOORFROFRPROOOOFRORO

-12.15417

rODPRPNOFRORMABAND

.64545
.69446
.56290

64545

.70635

48618

.35653
.69446

48618

.75623
.20579
.56290

0.35653

0.

20579

-5.37231

RETAINED ZONE : 0
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NUMBER OF SERIES ELEMENTS IN THE REDUCED ZONES : 6
SERIES CONNECTIONS
SLNO FROM NAME  TO NAME RP XP BP/2 RZ XZ Bz/2
1 1 BUS1 2 BUS2 0.000233 0.215264 0.0 0.001131 0.432628 0.0
2 1 BUS1 3 BUS3 -0.007506 0.370980 0.0 -0.094733 1.083469 0.0
3 1 BUS1 4 BUS4 -0.051414 0.206348 0.0 -0.250246 0.469137 0.0
4 2 BUS2 3 BUS3 -0.020825 0.672222 0.0 -0.092744 1.339802 0.0
5 2  BUS2 4 BUS4 -0.603154 2.668483 0.0 -7.163429 13.282542 0.0
6 3 BUS3 4 BUS4 -1.137457 4.576533 0.0 -20.93122 31.641287 0.0
NUMBER OF SHUNT ELEMENTS IN THE REDUCED ZONES : 4
SHUNT CONNECTIONS IN (G+JB) FORMAT - PU
SLNO FROM NAME GP BP GZ BZ
1 1 BUS1 6.02761 -0.25136 4.08461 -1.41509
2 2 BUS2 1.13492 -0.21819 0.92758 -0.47688
3 3 BUS3 1.61269 -0.36980 1.41655 -0.69552
4 4 BUS4 3.32855 -0.24709 2.77616 -1.34544

@H
z
|

©

Figure 23: Reduced System for case 1

Power Research and Development Consultants Pvt. Ltd. Page 57



MiP-PSCT YBR

5.2 Case 2: Retaining all generator buses and zone 1 buses

In this case, the sample system shown in Report 5.1 is reduced with retaining all the
buses to which the generators are connected, such as buses 1,2, 3 and 4. The buses
which are belonging to zone 1, such as buses 5, 6, 7, 8, 9,10, 11,12,13,14,15,16 and
17 are also retained. All connections in zone 2 are reduced as equivalent series
impedances and shunt admittances. Only a portion of file specification is shown in
Report 5.3 and 5.4 for “YBRIN” and “YBROUT” respectively. The single line diagram
of the reduced network is shown in Report 5.3

Report 5.3: “ YBRIN “ File Listing for Case 2.

NETWORK REDUCTION
CASE NO : 2 CONTINGENCY : O SCHEDULE NO : O

% Common System Specifications
24 24 5 0 22 0 0 0 0 0O O
4 14 0 0

% Control Options

% 1. No of Areas 2. YBUS print Option

% 3. BaseMVA 4. Nominal Freq 5. PreFaultOpt
2 3 100.000000 50.0000 1

% 6. ZoneNo Retained 7. ZBUS Print Option
% 8. YBUS Reduction Option
0 3 1

% Retained Buses
17
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

% CBResistance CBReactance Trans R/X
0.000000 0.000100 0.050000

% Multiplication Factors
% 1. Transformer Zero Seq Impedance Factor
% 2. No OF Voltage Levels

% i. Transmission Line Voltage

% ii. Transmission Line Zero Seq Res Mult Factor
% iii. Transmission Line Zero Seq Rea Mult Factor
% iv. Transmission Line Zero Seq Adm Mult Factor

% 3. Generator Negative Seq Resistance Mult Fact
% 4. Generator Negative Seq Reactance Mult Fact
% 5. Generator Zero Seq Resistance Mult Fact
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% 6. Generator Zero Seq Reactance Mult Fact
% 7. Load Negative Seq Imp Mult Fact
% 8. Load Zero Seq Imp Mult Fact
% 9. Series Reactor Zero Seq Imp Mult Fact
%10. Shunt Reactor Zero Seq Imp Mult Fact
0.90000 3
11.0000 2.5000 2.5000 0.0250
220.0000 2.5000 2.5000 0.0250
400.0000 2.5000 2.5000 0.0250
0.1750 0.1750 0.0375 0.0375
0.8100 1.6000 1.0000 0.6250
% Bus Data not given
Report 5.4: “YBROUT “ File Listing for Case 2
Date and Time: Wed Dec 16 10:50:19 1998
NETWORK REDUCTION
CASE NO : 2 CONTINGENCY :- O SCHEDULE NO : O
TOTAL NUMBER OF BUSES : 24 ACTUAL NUMBER OF BUSES : 24
NUMBER OF 2 WIND. TRANSFORMERS : 5 NUMBER OF 3 WIND. TRANSFORMERS : 0
NUMBER OF TRANSMISSION LINES z 22
NUMBER OF SERIES REACTORS : 0 NUMBER OF SERIES CAPACITORS 0
NUMBER OF BUS COUPLERS : 0
NUMBER OF SHUNT REACTORS 0 NUMBER OF SHUNT CAPACITORS 0
NUMBER OF SHUNT IMPEDANCES 0 NUMBER OF GENERATORS 4
NUMBER OF LOADS : 14
NUMBER OF FILTERS : 0
NUMBER OF HVDC CONVERTORS 0
NUMBER OF ZONES 2
PRINT OPTION : 3 (BOTH DATA AND RESULTS PRINT)
BASE MVA : 100.000

NOMINAL SYSTEM FREQUENCY: 50.000
PREFAULT VOLTAGE OPTION : 1 (READ FROM THE FILE)

ZONE NUMBER RETAINED : 0
ZBUS PRINT OPTION 3
YBUS REDUCTION OPTION 1 (NETWORK REDUCTION)

17

1 2 3 4 5 6 7 8 9 10

11 12 13 14 15 16 17
CIRCUIT BREAKER RESISTANCE (PU) : 0.000000
CIRCUIT BREAKER REACTANCE (PU) : 0.000100
TRANSFORMER R/X RATIO : 0.050000
TRANSFORMER ZERO SEQUENCE IMPEDANCE MULT FACTOR : 0.900000
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NUMBER OF TRANSMISSION VOLTAGE LEVELS

TRANSMISSION LINE VOLTAGE - KV :
TRANSMISSION LINE ZERO SEQUENCE RES. MULT. FACTOR
TRANSMISSION LINE ZERO SEQUENCE REA. MULT. FACTOR :
TRANSMISSION LINE ZERO SEQUENCE ADM. MULT. FACTOR :
TRANSMISSION LINE VOLTAGE - KV :
TRANSMISSION LINE ZERO SEQUENCE RES. MULT. FACTOR
TRANSMISSION LINE ZERO SEQUENCE REA. MULT. FACTOR
TRANSMISSION LINE ZERO SEQUENCE ADM. MULT. FACTOR
TRANSMISSION LINE VOLTAGE - KV

TRANSMISSION LINE ZERO SEQUENCE RES. MULT. FACTOR
TRANSMISSION LINE ZERO SEQUENCE REA. MULT. FACTOR
TRANSMISSION LINE ZERO SEQUENCE ADM. MULT. FACTOR

GENERATOR NEGATIVE SEQUENCE
GENERATOR NEGATIVE SEQUENCE
GENERATOR ZERO SEQUENCE RESI

RESISTANCE MULT. FACTOR
REACTANCE MULT. FACTOR
STANCE MULT. FACTOR

GENERATOR ZERO SEQUENCE REACTANCE MULT. FACTOR

LOAD
LOAD

NEGATIVE SEQUENCE
ZERO SEQUENCE IMPE

IMPEDANCE MULT. FACTOR )
DANCE MULT. FACTOR

SERIES REACTOR ZERO SEQUENCE IMPEDANCE MULT. FACTOR
SHUNT REACTOR ZERO SEQUENCE IMPEDANCE MULT. FACTOR

%%below results not given

%% above results not given
Number of reduced buses: 17
Reduced bus array:

.000000
-500000
-500000
.025000
.000000
-500000
-500000

0.025000

- 400000000

2.500000
2.500000
0.025000

0.175000
0.175000
0.037500
0.037500
0.810000
1.600000
1.000000
0.625000

1 2 3 4 5
11 12 13 14 15
RETAINED ZONE : 0
NUMBER OF SERIES ELEMENTS IN

SERIES CONNECTIONS

THE REDUCED ZONES :

NAME RP

0.0 -0.095517 1.400827

SLNO FROM NAME TO
BZ/2

1 2 BUS2 3
0.0

2 2 BUS2 5

3 3 BUS3 5

NUMBER OF SHUNT ELEMENTS 1IN
SHUNT CONNECTIONS IN (G+JB)
SLNO FROM NAME GP

BUS2 0.66607
BUS3 1.34087
BUS5 1.83134

BUS3 -0.028424 0.782242

BUS5 0.012834 0.178231 0.0 0.017896 0.393823 0.0
BUS5 0.015571 0.307624 0.0 -0.044008 0.990090 0.0

THE REDUCED ZONES : 3
FORMAT - PU
BP GZ BZ

-0.20891 0.78390 -0.42636
-0.35863 1.36143 -0.67038
-0.16570 1.21497 -0.42648
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Retained
Zone 1
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Figure 24: Reduced network retaining all generator buses and zone 1

5.3 Case 3: Retaining all zone 1 buses

In this case, the sample system shown in figure 5.1 is reduced with retaining only the
buses which are belonging to zone 1, such as buses 1, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13,
14, 15, 16 and 17. The generators at buses 2 and 3 belongs to zone 2 are reduced as
an equivalent generator at a retained generator bus 3 in the external system. All
connections in zone 2 are reduced as equivalent series impedances and shunt
admittances. Only a portion of file specification are shown in Report 5.5 and 5.6 for
"YBRIN " and "YBROUT" respectively. The single line diagram of the reduced
network is shown in Report 4.4.

Report 5.5: “YBRIN” File Listing for Case 3

NETWORK REDUCTION

CASE NO : 3 CONTINGENCY : O SCHEDULE NO : O

% Common System Specifications
24 24 5 0 22 0 0 0 0 0O O
4 14 0 0

% Control Options
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% 1. No of Areas 2. YBUS print Option
% 3. BaseMVA 4. Nominal Freq 5. PreFaultOpt
2 3 100.000000 50.0000 1

% 6. ZoneNo Retained 7. ZBUS Print Option
% 8. YBUS Reduction Option
1 3 1

% External System

% No of Generators in External System
% Reference Bus in External System

2 3

% CBResistance CBReactance Trans R/X
0.000000 0.000100 0.050000

% Multiplication Factors
% 1. Transformer Zero Seq Impedance Factor
% 2. No OF Voltage Levels

% i. Transmission Line Voltage

% ii. Transmission Line Zero Seq Res Mult Factor
% iii. Transmission Line Zero Seq Rea Mult Factor
% iv. Transmission Line Zero Seq Adm Mult Factor

% 3. Generator Negative Seq Resistance Mult Fact
% 4. Generator Negative Seq Reactance Mult Fact
% 5. Generator Zero Seq Resistance Mult Fact

% 6. Generator Zero Seq Reactance Mult Fact

% 7. Load Negative Seq Imp Mult Fact

% 8. Load Zero Seq Imp Mult Fact

% 9. Series Reactor Zero Seq Imp Mult Fact

%10. Shunt Reactor Zero Seq Imp Mult Fact

0.90000 3
11.0000 2.5000 2.5000 0.0250
220.0000 2.5000 2.5000 0.0250
400.0000 2.5000 2.5000 0.0250
0.1750 0.1750 0.0375 0.0375
0.8100 1.6000 1.0000 0.6250

%% Below data not given
%% above data not given

% External Machine Data

% BusNo Inertia
2 11.413
3 11.413

Report 5.6: “YBROUT” File Listing for Case 3
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NETWORK REDUCTION

CASE NO: 13 CONTINGENCY :- O SCHEDULE NO : O
TOTAL NUMBER OF BUSES 24 ACTUAL NUMBER OF BUSES : 24
NUMBER OF 2 WIND. TRANSFORMERS 5 NUMBER OF 3 WIND. TRANSFORMERS : 0
NUMBER OF TRANSMISSION LINES 22

NUMBER OF SERIES REACTORS : 0 NUMBER OF SERIES CAPACITORS : 0
NUMBER OF BUS COUPLERS : 0
NUMBER OF SHUNT REACTORS : 0
NUMBER OF SHUNT IMPEDANCES :

NUMBER OF LOADS :

NUMBER OF FILTERS

NUMBER OF SHUNT CAPACITORS
NUMBER OF GENERATORS

o

NUMBER OF HVDC CONVERTORS :

NUMBER OF ZONES :
PRINT OPTION : 3 (BOTH DATA AND RESULTS PRINT)
BASE MVA : 100.000

NOMINAL SYSTEM FREQUENCY: 50.000

PREFAULT VOLTAGE OPTION : 1 (READ FROM THE FILE)

ZONE NUMBER RETAINED 1

ZBUS PRINT OPTION 3

YBUS REDUCTION OPTION : 1 (NETWORK REDUCTION)

NUMBER OF GENERATORS IN THE EXTERNAL SYSTEM 2

RETAINED GENERATOR BUS IN THE EXTERNAL SYSTEM : 3

CIRCUIT BREAKER RESISTANCE (PU) : 0.000000
CIRCUIT BREAKER REACTANCE (PU) : 0.000100

TRANSFORMER R/X RATIO 0.050000
TRANSFORMER ZERO SEQUENCE IMPEDANCE MULT FACTOR 0.900000
NUMBER OF TRANSMISSION VOLTAGE LEVELS : 3

TRANSMISSION LINE VOLTAGE - KV : 11.000000
TRANSMISSION LINE ZERO SEQUENCE RES. MULT. FACTOR 2.500000

TRANSMISSION LINE ZERO SEQUENCE REA. MULT. FACTOR ; 2.500000

TRANSMISSION LINE ZERO SEQUENCE ADM. MULT. FACTOR 0.025000
TRANSMISSION LINE VOLTAGE - KV = 220.000000
TRANSMISSION LINE ZERO SEQUENCE RES. MULT. FACTOR 2.500000

TRANSMISSION LINE ZERO SEQUENCE REA. MULT. FACTOR ; 2.500000

TRANSMISSION LINE ZERO SEQUENCE ADM. MULT. FACTOR 0.025000
TRANSMISSION LINE VOLTAGE - KV : 400.000000
TRANSMISSION LINE ZERO SEQUENCE RES. MULT. FACTOR 2.500000

TRANSMISSION LINE ZERO SEQUENCE REA. MULT. FACTOR ; 2.500000

TRANSMISSION LINE ZERO SEQUENCE ADM. MULT. FACTOR :  0.025000
GENERATOR NEGATIVE SEQUENCE RESISTANCE MULT. FACTOR : 0.175000
GENERATOR NEGATIVE SEQUENCE REACTANCE MULT. FACTOR : 0.175000
GENERATOR ZERO SEQUENCE RESISTANCE MULT. FACTOR :  0.037500
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GENERATOR ZERO SEQUENCE REACTANCE MULT. FACTOR : 0.037500
LOAD NEGATIVE SEQUENCE IMPEDANCE MULT. FACTOR : 0.810000
LOAD ZERO SEQUENCE IMPEDANCE MULT. FACTOR : 1.600000
SERIES REACTOR ZERO SEQUENCE IMPEDANCE MULT. FACTOR : 1.000000
SHUNT REACTOR ZERO SEQUENCE IMPEDANCE MULT. FACTOR : 0.625000
%%Below results not given
%% above results not given
EXTERNAL GENERATOR DATA
SLNO BUSNO NAME INERTIA-H-PU

1 2 BUS2 11.413

2 3 BUS3 11.413
Number of reduced buses : 4
Reduced bus array :

26 25 19 24
%% below results not given
%% above results not given
RETAINED ZONE : 1
NUMBER OF SERIES ELEMENTS IN THE REDUCED ZONES : 3
SERIES CONNECTIONS
SLNO FROM NAME TO NAME RP XP BP/2 RZ Xz
BZ/2

1 26 GEN3 19 BUS19 0.005764 0.110167 0.0 0.035423
0.769343 0.0

2 26 GEN3 24 BUS24 0.032432 0.587300 0.0 0.062020
1.347784 0.0

3 19 BUS19 24 BUS24 0.035152 0.187473 0.0 0.099468

0.620119 0.0

NUMBER OF SHUNT ELEMENTS IN THE REDUCED ZONES : 3
SHUNT CONNECTIONS IN (G+JB) FORMAT - PU
SLNO FROM NAME GP BP GZ BZ

1 19 BUS19 1.90970 -0.24798 2.10356 -5.24444
2 24 BUS24 1.31295 -0.34366 1.20133 -0.48369

3 26 GEN3 0.82938 -0.61373 0.91641 -0.43791
EQUIVALENT GENERATOR INERTIA CONSTANT - PU : 22.82422
EQUIVALENT GENERATOR REAL POWER - MW - 315.55257
EQUIVALENT GENERATOR REACTIVE POWER - MVAR : 86.34824
EQUIVALENT GENERATOR TERMINAL VOLTAGE MAG : 1.00000
EQUIVALENT GENERATOR TERMINAL VOLTAGE ANG-D: 6.99686
EQUIVALENT GENERATOR RESISTANCE PU : 0.00000
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EQUIVALENT GENERATOR REACTANCE

YBR
PU
Date and Time :

: 0.00001
Wed Dec 16 11:11:34 1998

24
S 26
RETAINED >:I —@
Equi. Gen
ZONE 1 — b
L ~
WN— L
19 E =
Report 5.7: “YBRIN” File Listing for Case 4.
NETWORK REDUCTION for DYNAMIC STABILITY
CASE NO = 4 CONTINGENCY :- O SCHEDULE NO :- O
% Common System Specifications
24 24 5 0 22 0 0 0 0 0 O
4 14 0 0
% Control Options

% 1. No of Areas 2. YBUS print Option
% 3. BaseMVA 4. Nominal Freq
2 3

5. PreFaultOpt
100.000000 50.0000 1
% 6. No of Retained Gen Buses 7. ZBUS Print Option
% 8. YBUS Reduction Option
4 1 O

% Retained Buses

1 2 3 4

% CBResistance CBReactance Trans R/X
0.000000 0.000100 0.050000
% Multiplication Factors

% 1. Transformer Zero Seq Impedance Factor
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% 2. No OF Voltage Levels

% i. Transmission Line Voltage

% ii. Transmission Line Zero Seq Res Mult Factor
% iii. Transmission Line Zero Seq Rea Mult Factor
% iv. Transmission Line Zero Seq Adm Mult Factor

% 3. Generator Negative Seq Resistance Mult Fact
% 4. Generator Negative Seq Reactance Mult Fact
% 5. Generator Zero Seq Resistance Mult Fact

% 6. Generator Zero Seq Reactance Mult Fact

% 7. Load Negative Seq Imp Mult Fact

% 8. Load Zero Seq Imp Mult Fact

% 9. Series Reactor Zero Seq Imp Mult Fact

%10. Shunt Reactor Zero Seq Imp Mult Fact

0.90000 3
11.0000 2.5000 2.5000 0.0250
220.0000 2.5000 2.5000 0.0250
400.0000 2.5000 2.5000 0.0250
0.1750 0.1750 0.0375 0.0375
0.8100 1.6000 1.0000 0.6250

%% remaining data not given

Report 5.8: “YBROUT” File Listing for Case 4.

NETWORK REDUCTION for DYNAMIC STABILITY
CASE NO = 14 CONTINGENCY :- O SCHEDULE NO :- O

TOTAL NUMBER OF BUSES 24 ACTUAL NUMBER OF BUSES : 24
NUMBER OF 2 WIND. TRANSFORMERS 5 NUMBER OF 3 WIND. TRANSFORMERS : 0
NUMBER OF TRANSMISSION LINES 22

NUMBER OF SERIES REACTORS : NUMBER OF SERIES CAPACITORS : 0
NUMBER OF BUS COUPLERS :
NUMBER OF SHUNT REACTORS :
NUMBER OF SHUNT IMPEDANCES :
NUMBER OF LOADS :

NUMBER OF FILTERS

0
0
0 NUMBER OF SHUNT CAPACITORS
0 NUMBER OF GENERATORS
4
0

N

NUMBER OF HVDC CONVERTORS : 0

NUMBER OF ZONES : 2

PRINT OPTION : 3 (BOTH DATA AND RESULTS PRINT)
BASE MVA : 100.000

NOMINAL SYSTEM FREQUENCY: 50.000

PREFAULT VOLTAGE OPTION : 1 (READ FROM THE FILE)
TOTAL BUSES IN THE REDUCED SYSTEM : 4

ZBUS PRINT OPTION : 0
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YBUS REDUCTION OPTION : 0 (DYNAMIC STABILITY STUDY)

%% above results not shown
Number of reduced buses : 4
Reduced bus array :

1 2 3 4

ROW NO COLUMN NO REAL  IMAGINARY
1 1 4.84122 -12.15417
1 2 -0.00502 4.64545
1 3 0.05451 2.69446
1 4 1.13690 4.56290
2 1 -0.00502 4.64545
2 2 1.01332 -6.70635
2 3 0.04604 1.48618
2 4 0.08059 0.35653
3 1 0.05451 2.69446
3 2 0.04604 1.48618
3 3 1.46098 -4.75623
3 4 0.05115 0.20579
4 1 1.13690 4.56290
4 2 0.08059 0.35653
4 3 0.05115 0.20579
4 4 2.05991 -5.37231

ROW NO COLUMN NO REAL IMAGINARY
1 1 4.84122 -12.15417
1 2 -0.00502 4.64545
1 3 0.05451 2.69446
1 4 1.13690 4.56290
2 1 -0.00502 4.64545
2 2 1.01332 -6.70635
2 3 0.04604 1.48618
2 4 0.08059 0.35653
3 1 0.05451 2.69446
3 2 0.04604 1.48618
3 3 1.46098 -4.75623
3 4 0.05115 0.20579
4 1 1.13690 4.56290
4 2 0.08059 0.35653
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4 3 0.05115
4 4 2.05991

0.

20579

-5.37231

3.12541
0.00604
0.08009
0.88516
0.00604
0.85075
0.05142
0.03145
0.08009
0.05142
1.27050
0.01454
0.88516
0.03145
0.01454
1.84500

-6.30191

WOORFRPONOOOOWNEPEF

2.

31144

0.91596

.65941
.31144
.58946
. 74282
.05832
.91596
.74282
.37628
.02198
.65941
.05832
.02198
.08517
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	1. INTRODUCTION
	POWERYBR is designed to provide the static and dynamic equivalents for the power system. In case of static equivalent, program determines the bus admittance matrix (Ybus) as seen from the desired nodes by eliminating the rest of the nodes. In case of ...
	 Formation of positive sequence sparse Ybus for the given power system. In the Ybus formation, shunt elements at the buses, which are to be retained, will not be added to the corresponding diagonal elements.
	 Finding the columns of the positive sequence Zbus for the nodes to be retained.
	 Assembling the Zbus for the reduced system from the above columns of Zbus.
	 Inverting the Zbus to find the positive sequence Ybus for the reduced system.
	 Above analysis are done for negative and zero sequence networks.
	In case of dynamic equivalent, the procedure involved is -
	 Internal system is identified. All the buses, which are external to the area of interest, and connected directly to the internal system nodes, are identified. These are the nodes to be retained.
	 An equivalent generator is considered, connected to the retained nodes in the external system.
	 The single machine electromechanical circuit replaces generators in the external system.
	The program input data is through an ASCII file, the format of which is described in chapter 2. In chapter 3, input and output files are given. Chapter 4 gives the case study, wherein the data file preparation for obtaining the network equivalents for...

	2. HOW TO SOLVE NETWORK REDUCTION
	EXAMPLE: Network Reduction
	For a typical 24 Bus System with maximum generation as slack bus. The Single Line Diagram is shown in fig-1.  Element parameters are specified in the element tables.
	1. Generate a Single line diagram using MiP-PSCT Power system Network Editor simultaneously Compute the Electrical parameters in p.u. on 100MVA base.
	2. Do Load Flow Analysis in Fast decoupled method, tolerance of 0.001.
	3. Do Ybus Network Reduction using following methods

	 Case1: Retaining all generator buses
	Network reduced with retaining all the buses to which the generators are connected, such as 1, 2, 3 and 4.

	 Case2 : Retaining all Generator buses and Zone 1 buses
	Network reduced with retaining all the buses to which the generators are connected, and buses belonging to Zone1, such as 5, 6, 7, 8, 9, 10, 11, 12,
	13, 14, 15, 16, and 17.

	 Case 3: Retaining all Zone 1 buses
	Network reduced with retaining all the Zone1 buses, such as 1, 4, 5, 6, 7, 8,  9,
	10, 11, 12, 13, 14, 15, 16, and 17.

	 Case 4: Network Reduction for Dynamic Stability study.
	Network reduced with retaining all the buses to which the generators are connected taking the option Dynamic Stability

	Table 2.1: Bus Data Cable
	Table 2.2: Transmission Line data Table
	Table 2.3: Transformer data table
	Table 2.4: Generator data table
	Table 2.5: Generator Capability Curve
	Table 2.6: Load Data
	Procedure to enter Bus Data
	Similarly enter other bus, as per details the given in bus data table.


	Figure 1: Bus Data
	Procedure to enter Transmission line details:
	Figure 2: Line/Cable Data
	Procedure to enter Element detail:

	Figure 3: Line/Cable Library
	Procedure to enter Element detail:

	Figure 4: Line/Cable Data
	Table 2.7: Transmission Line Data
	Procedure to enter Transformer details

	Figure 5: Two Winding Transformer Library
	R and X data given in Transformer details table. Impedance Z =  R2 + X2
	Enter remaining Transformer details similarly.  Data given in the following table.

	Table 2.8: Transformer Details
	2.1 Transformer Element details
	Select menu option Element  Series Element  Two winding Transformer
	Figure 6: Transformer Element Details
	Enter other Transformer details similarly. Details as shown in the following table.

	Table 2.9: Transformer Details
	Generator Capability Curve

	Figure 7: Capability Curve Library
	Table 2.10: Generator Capability Curve Details
	Generator details
	Figure 8: Generator Library
	Enter other Generator details similarly.  Data given in following table.

	Table 2.11: Generator Details

	2.2 Generator Element details
	Figure 9: Generator Data
	Enter remaining Generators similarly. Detail given in following table

	Table 2.12: Generator Details
	Load details
	Figure 10: Load Data
	Enter remaining loads similarly.  Details given in the following  table

	Table 2.13: Load Details
	Solving Load Flow
	The following form will appear.

	Study Information
	Figure 11: Load Flow Analysis
	Figure 12: Load Flow Studies
	Executing and Viewing the report
	Figure 13: LFA
	Report
	To solve Y-Bus Reduction (NETWORK REDUCTION) CASE 1 : Retaining all generator buses
	24 Bus sample systems are reduced with retaining all the buses to which the generators are
	connected, such as buses 1,2,3 and 4. All other connections are reduced as equivalent series impedance between the retained buses and shunt admittance at the retained buses.
	Select menu option

	“Solve  Network Reduction”
	Following screen appears

	Figure 14: Network Reduction
	Study Information
	Following screen shows study information for Case 1. Similarly select buses 1, 2, 3, and 4.

	Figure 15: Network Reduction(zone Reduction & Bus reduction)
	Network Reduction Report for case 1
	Reduced system
	Retaining all generator buses

	Procedure to do Case 2
	CASE 2 : Retaining all generator buses and zone 1 buses
	Fig 1 24Bus system is reduced with retaining all the buses to which the generators are connected, and buses belonging to Zone1, such as 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, and 17 are also retained. All connections in zone 2 are reduced as equiv...

	Figure 16: Network Reduction case 2
	Study Information
	Following study information screen will open. In that select zone 1 buses and all generator buses.

	Figure 17: Study information
	Executing and viewing the report
	Figure 18: Executing and viewing the report
	Network Reduction Report for case 2
	NETWORK REDUCTION

	Reduced network retaining all generator buses and zone 1 buses is shown below.
	Case 3 : Retaining all zone 1 buses
	24 Bus Typical System Network reduced with retaining all the Zone1 buses, such as 1, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, and 17.

	Figure 19: Type 3 network Reduction
	Study Information
	Following study information screen will open.

	Figure 20: Select zone reduction
	Executing and Viewing the Report

	Figure 21: Executing and Viewing the Report
	Network Reduction Report for Case 3 :
	NETWORK REDUCTION
	LOAD DATA


	Reduced system for case 3: Retaining all Zone 1 buses


	3. INPUT FORMAT
	Input data to POWERYBR is through an ASCII file. The file name is "YBRIN". Results are written to files " YBROUT" and "YBRTOETC". Significance and contents of these files are explained in chapter 3.
	The input data is read in free format. Input data is divided into different heads called streams for explanation purposes. `int' is used to indicate that the data type is an integer. `float' is used to reference the floating point (real) variable. Cha...
	In order to reduce the effort in preparing the data, input format for POWERYBR is retained almost same as that required for short circuit study. Hence the document on Short Circuit Study module (Chapter two, Short Circuit Study data preparation for PO...
	 Line 1 which describes the system size definition remains unaltered.
	 Program control options given in line 2 and 3 differ in " YBRIN".
	In table 2.1, the data appearing in different columns of line 2 are given.
	Table 3.1: System Specification - Line 2 : Control Option
	Explanation to entries given in table 2.1, are as follows
	In power system, the equipments are owned by different utilities, and in a same utility, equipments belong to different zones. Hence each bus is associated with a number called zone. All the equipments (shunt elements) connected to the bus are attribu...
	 Print option in table 2.1 is interpreted as -
	 0 : No printing of data or results.
	 1 : Data printing only.
	 2 : Results printing only.
	 3 : Both data and results printing.
	 4 : Detailed printing of data and results.
	 Network parameter (resistance, reactance etc.,) data to POWERYBR is in pu on a common MVA base. The common MVA base is provided in column 3 of table 2.1.
	 Initial voltage option is interpreted as -
	 0 : Initial voltage of 1.0 pu is assumed at all the buses.
	 1 : Initial voltage is read from the file.
	For preparing the data file subsequently used for load flow analysis, dynamic stability study and transient stability study (“LFAIN” file of POWERLFA, "DYSIN" file of POWERDYS and "TRSOUT" file of POWERTRS) initial voltage option should be always 1. D...
	 If the YBUS reduction option is 1, then this entry gives the number of buses in the retained system. In the practical power system, buses are grouped to form  different zones/areas. If the zone number in column 6 is other than zero, and the YBUS reductio'
	 Zbus option is interpreted as -
	 0 : No print of Zbus for the reduced system.
	 1 : Zbus for the reduced system is printed.
	 YBUS reduction option given in column 8 is interpreted as -
	 0 :  YBUS reduction option for dynamic stability study.
	 1 :  YBUS reduction option for static and dynamic equivalents.
	 Line 3 of stream 2 is interpreted as -
	 If the YBUS reduction option is 0, bus numbers to be retained are given (int filed separated by blanks).
	 If the YBUS reduction option is 1, and the retained zone number field is zero (0), then the first entry gives the number of buses retained in the original system (int field). Subsequently, bus numbers to be retained are given (int field separated by blan(
	 If the YBUS reduction option is 1, and the retained zone number field is other than zero (0), two values (int fields) are read. First value indicates the number of generators in the external system. Second field indicates the generator bus number in the (
	 Line 4 in "SCSIN" which gives the fault impedance data is not present in "YBRIN".
	 Line 5, which gives the multiplication factors, remains unaltered in "YBRIN".
	 Line 6, which gives the travelling shunt fault, is not present in "YBRIN".
	If the YBUS reduction option is 1, i.e., equivalent generator is considered, for each retained generator bus, bus number and the corresponding inertia constant in pu on a common base are given as the last stream.


	4. INPUT/OUTPUT FILES
	 Input data to the program, in the order the data is read.
	 New order for the buses, if the report option is 4.
	 Ybus element values for the system, if the report option is 4.
	 Zbus element values if the report option is 4.
	 Zbus of the reduced system if the Zbus option is 1.
	 Positive, negative and zero sequence bus admittance matrix elements in rectangular form.
	 Additional series and shunt connections data, arising because of the network reduction.
	 If the YBUS reduction option is 0 -
	 Number of buses in the reduced system (one int field). For each elements of positive sequence Ybus -
	 row number (int field),
	 column number (int field),
	 real value (float field),
	 imaginary value (float filed),
	in the row wise and column wise.
	 Negative sequence and Zero sequence Ybus elements in the above order.
	 If the YBUS reduction option is 1 -
	 Zone number retained (int field).
	 Number of additional series elements due to network reduction (int field).
	 For each  series  element,  from  node and  to node numbers   (int
	fields), positive sequence resistance, reactance and susceptance (b/2), and zero sequence resistance, reactance and susceptance (b/2) in pu on the given base (6 float fields).
	 Number of shunt elements, arising because of the network reduction (int field).
	 For each shunt element, from node number (int field), positive sequence conductance and susceptance (G+jB), and zero sequence conductance and susceptance in pu on the given base (4 float fields).
	 Number of generators retained in the external system (int field). If this value is zero, subsequent entries will not be present.
	 For each retained generator, generator bus number (int field), equivalent inertia H in pu on a common base, real power generation in MW, reactive power generation in Mvar, bus  voltage in pu, bus angle in degrees,
	 Equivalent generator resistance and reactance in pu on a common base (totally 7 float fields). While reducing the network, generator internal buses are considered. Hence the resistance value is 0.0, and the reactance value is negligible.
	Contents of YBRTOETC file can be made use of by other programs.
	The file names in table 3.1 are the default, when no arguments (parameters) are passed to POWERYB.
	If the program while execution traces any error, an error message is written to the report file and further execution of the program is terminated. The error messages, which are traced by the program, are printed in the following format -
	Error Number Error Message Error Description
	Error number is a number by which the error is identified. The nature of error is given  in the error message. An error description specific to user/application is also given.
	The errors identified by the program are -
	 [Error no 0] Parameter passing error : If there is an error in passing parameters to the program, then an error is reported. In the description, the missing parameter is named.
	 [Error no 1] Input file opening error : If the input data file name specified by the user is not found or if an error occurs while the input file is opened, this message is generated. If there are more than one input file for the program then, the descri+
	 [Error no 2] Output file opening error : If an error occurs while opening the output file, this message is generated.
	 [Error no 3] Too less parameters to read : If the data provided is insufficient then, this error is displayed. The input data 'stream' for which data is insufficient is also described in the error message.
	 [Error no 4] Memory allocation error : If memory is not allocated for  a variable for which dynamic memory allocation is done, this error message is given. The variable for which memory allocation is not successfully done is mentioned in the error descri+
	 [Error no 5] Invalid character : If an invalid character data is present in the input data file then this message is generated. The data item for which invalid character is entered is also mentioned in the error message.
	 [Error no 6] Invalid number : If an invalid integer data is present in the input data file then this message is displayed. The data item for which invalid integer data is given is also mentioned in the error message.
	 [Error no 7] Invalid value : If the data given exceeds the limits mentioned for each item mentioned under different streams, an error message  is  given along with a description  of the data item.
	 [Error no 8] Division by zero : During a mathematical operation, if division by zero occurs, then this error is generated. The variable, which may  have caused this condition, is mentioned in the error description.
	 [Error no 9] Diverging error : This message is generated if no convergence   is observed after a specified number of iterations.
	 [Error no 10] Error in data, Results not okay : If an erroneous input data is present which doesn't  come under any of the above mentioned categories   as a result of which wrong results are obtained, then this message is generated.
	 These errors are displayed in the output file mentioned by the user. Some of the common error messages and their probable reason for occurrence are -
	For example the input file is - ybrin and ybrout is output (report) file, then if input file  is not found in the current working directory, or error while opening the file, or insufficient data being present in the data file, or the bus number given ...
	ERROR [1] : Input file opening error - Input file not opened for reading is written to the report file. If the program expects data to be read from input file, but the user has not provided data and end of file is reached, then the error message is wr...
	ERROR [3] : Too less parameters to read - Insufficient data provided for Stream No(-) is written to the report file. If the from/to bus of a transformer specified by the user doesn’t exist in the bus data stream, then an error message is written in th...
	ERROR  [6]  : Invalid  number  -  Invalid  bus id  specified  is  written  to  the  report file.


	5. CASE STUDY
	In this section, a 24-bus system is considered as an example to test POWERYBR single line diagram of a sample 24-node system in figure 5.1. Four different cases are considered to show the capability of POWERYBR.
	The different cases are as follows:
	 Case 1 : Reduced system with only generator buses being retained.
	 Case 2 : Reduced system with retaining generator buses and buses belonging to Zone 1 only.
	 Case 3 : Reduced system with retaining buses belongs to Zone 1 only.
	 Case 4 : Reduced system for dynamic stability.
	Figure 22: Sample 24 node System
	5.1 Case 1:  Retaining all generator buses
	In this case, the sample system shown in figure 5.1 is reduced all the buses to which the generators are connected, such as equivalent series impedances between the retained buses and shunt admittances at the retained buses. The detailed listing of “Y...
	“ YBRIN” File Listing for Case 1.
	NETWORK REDUCTION
	CASE NO :  1     CONTINGENCY  : 0    SCHEDULE NO : 0

	Report 5.2: “ YBROUT ” File Listing for Case 1.
	Figure 23: Reduced System for case 1

	5.2 Case 2: Retaining all generator buses and zone 1 buses
	In this case, the sample system shown in Report 5.1 is reduced with retaining all the buses to which the generators are connected, such as buses 1,2, 3 and 4. The buses which are belonging to zone 1, such as buses 5, 6, 7, 8, 9,10, 11,12,13,14,15,16 a...
	Report 5.3: “ YBRIN “ File Listing for Case 2.
	Report 5.4: “YBROUT “ File Listing for Case 2
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	Figure 24: Reduced network retaining all generator buses and zone 1

	5.3 Case 3: Retaining all zone 1 buses
	In this case, the sample system shown in figure 5.1 is reduced with retaining only the buses which are belonging to zone 1, such as buses 1, 4, 5, 6, 7, 8, 9, 10, 11, 12,   13,
	14, 15, 16 and 17. The generators at buses 2 and 3 belongs to zone 2 are reduced as an equivalent generator at a retained generator bus 3 in the external system. All connections in zone 2 are reduced as equivalent series impedances and shunt admittanc...
	Report 5.5: “YBRIN” File Listing for Case 3
	Report 5.6: “YBROUT” File Listing for Case 3
	Report 5.7: “YBRIN” File Listing for Case 4.
	Report 5.8: “YBROUT” File Listing for Case 4.
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