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The Efficient Method of Power Flow Calculation
using Object—Oriented Programming

& B
(Jaehyeon Gim)

Abstract - Object-oriented programming is a solution for problems in the development, maintenance, and update of
large software such as power system analysis software. However, many applications in the electrical industry critically
depend on the computational efficiency of the implementation. In order to be flexible and reduce the computation time,
this paper represents an efficient method for constructing a Jacobian matrix and for factorizing it, and designs the class
hierarchy for power system. This method is applied to four different power systems for load flow calculation. The
performance of the object-oriented program developed in C++ is assessed in computer simulation.
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Figure 1. Class Structure
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template <class T>
class PowerSystem @ public LoadFlow<T>
{
public :
void LoadFlowCalculation();
private
LoadFlow<T> *LF;
IH

template<class T>
class LoadFlow :@ public Network<T>

{
private ©
double AccFet; /7 Acceleration Factor
int IterMax; // Criterion for Load Flow

double VangCrit, VmagCrit;
double PCrit, QCrit;
Matrix<T> Jacobian’
/7 Make Jacobian
void CalJacobian(ofstream &, Matrix<double> &);
void LFPrintOut(ofstream &). // Print out the result
public :
LoadFlow();
~LoadFlow();
void ReadCtriData(char *); // read the criterion for LoadFlow
int GaussSeidel(ofstream &),
int NewtonRaphson(ofstream &),
'S
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template <class T>
class Network
{
Network();
~Network();
LinkedList<Bus<T> > *pcBus,
LinkedList<Branch<T> > *pcBranch;

void ReadData(char *FileName);
LinkedList<Bus<T> > *Ordering();
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Figure 2. Connectivity of Bus Class
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template <class T>

class Bus

{
int No; /7 bus number
char Name[12]; // bus name
int ID; // 1 load bus, 2 @ generator bus

// 3 ¢ swing bus, 4 : disconnected bus

int Area’
int Zone;
double Vmag, Vang,
double basekV;
LinkedList<Generator<T> > »pcGen, // for generator
LinkedList<Load<T> > *pcLoad; // for load
LinkedList<Shunt<T> > *pcShunt; /7 for shunt
LinkedList<Branch<T> > *pcBranch;  // for branch

// bus voltage

int ReadData(ifstream &),
int CalFillinTerm().
void CalJacobian(Matrix<T> &),

void LFPrintOutOOP(ofstream &, double);
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template <class T>
class Branch

{

int No,

Bus<T> *pFrBus, *pToBus;

double R, X, Y; // line constant

Transformer<T> *pTr; // transformer data

int ReadData(ifstream &);
void CalJacobian(Matrix<T> &);
void CalFlow();
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template <class T>

class Transformer

{
int No;
double Tap, Tmin, Tmax, Tang,/
double CtrlV, CtrlVmax, CtriVmin;
Bus<T> #*pFrBus, *pToBus;
Bus<T> *pCtrlBus;

int ReadData(ifstream &);
int CtriTap();
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int No/

double baseMVA;

double Pgen, Pmax, Pmin, Qgen, Omin, Qmax;
Bus<T> *pCtriBus; // controlled bus

Bus<T> *pBus; // connected bus
int ReadData(ifstream &),
int Check@Q();

void AdjJacoGen(Matrix<T> &, int);
void CtriGenVolt();
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template <class T>
class Load
{
int No,
int Area;
int Zone;
double PL, IP, YP;
double QL, 1Q, YQ,
Bus<T> *pBus;

int ReadData(ifstream &),

~—

35 93 42
MATRIX
i i BRANCH
BUS Linked List 1 :
m L Column Index Array —l Linked List

Syt
E==Thn

Row Index Array Matrix Element

Figure 3. Matrix Structure
a9 3 d8 F=&

Y ZHrdA WEEY ZHFAMNC FPHDE P
Zgry Aeeol A TzaYe L£EE Wol FId.
AAANGEZ TP diojgjol] H23Me Aol Bl 445
22 @ o]f3= T2 Y Hlde FZ Akl Az
o] Wo] 289t 1erg B EFMe ddd2EHT
Hlade] QAo FasheE A7) MEng §d Fgre 4
A3 Ao gde) JAAE 53 dre dz 3y
PP gio HZE wzA . A £FL HA s
7] f8te] PP 4= T3 Q4 Y2EE o/ &3l Baj
Wealer AbEEA sk anE $3e A" wet
A7t AAHE FFE HAA He T2 A8 E
7tA 2 9l

ZF A zAzuler PP A4l BaF dolg BAM

XY ol S s EHA ZRAY

Trans. KIEE. Vol. 50A, No. 4, APR. 200t

29 A gd2d gdeng 4 2N EH29 JA
FY2oA A=uet YPRAE AN¥Y 2¥eg T &
oo Aot BERLE A= ETUH AT Yo
PR Ao P33 APol dF VY. 1 FI2E 193
Zoh olgt o] ozA Amujgt B L& Y W P
o 842 o|FdA ¢n 2N ddH2ES FpA(LER, ¥
A7) dH2ECA AFY AL FFR AT AdET
EY 4 g2 Y A SYAHE JHAA Z2ade A
Td + gloh

yd gdLts FT5 JAAE AEEA Z2aPe 47
g & 5UA s 3 Ed29 =& O Fo

template <class T>
class Malrix

int Rows, Cols;

Matrixindex<T> *Rowlndex, *Collndex;
Matrix(int, int);

~Matrix();

void Insert(int, int, T);

void Erase();

Matrix &LU():

Vector<T> *Solve(Vector<T> &b);

T operator () (int, int);
const Matrix<T> & operator = (const Matrix<T> &),
void QOutput(ostream & out) const;
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Table 1. Test Systems

£ 1 29 A%
System Buses Lines Generators
Bus57 57 79 7
Busil8 118 179 53
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Table 2. Iteration Number
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System Petium II Petium III
Bus57 6 6
Busll8 5 5

A 5 5

B 38 35
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Table 3. CPU Time of Petium II
¥ 3. #EE 19 CPU Azt

1 2 3

[sec] [sec] [sec]

T1 0.040 | 0.040 0.040
Bus57 | T2 0.110 [ 0.110 0.110
T3 0.160 | 0.165 0.160
T1 0.055 | 0.055 0.055
Busl18| T2 0.165 | 0.165 0.215
T3 0350 | 0.380 0.380
T1 0.050 | 0.110 0.110
A T2 0440 | 0465 0.685
T3 0880 | 0.965 1.260

System

T1 | 20845 | 22490 | 25.705
B T2 | 2499 | 26605 | 110.485
T3 | 59155 | 60.770 | 199.895

Table 4. CPU Time of Petium III
¥ 4. 9EE 119 CPU Azt

1 2 3

{sec) [sec] [sec]

T1 0.043 0.045 0.05
A T2 0.196 0.196 0.28
T3 0.350 0.390 0.52
Tl 12.208 | 13255 | 13370
B T2 | 14561 | 15908 | 76.064
T3 35.78 37.268 | 136.791
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