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The Distribution of Loads in Polar Coordinates
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Abstract: This study presents the Raphson-Newton method in polar co-ordinates for the study of the
distribution of loads which is necessary for the evaluation continues of the current performance of the system
and for the analysis of the influence of the variations to be envisaged for the development of the systems in

case or the request of the loads mcreases.
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INTRODUCTION

Load flow calculations provide power flows and
voltages for a specified power system subject to the
regulating capability of generators, condensers and tap
changing under load transformers as well as specified net
interchange between individual operating systems. This
information is essential for the continuous evaluation of
the current performance of a power system and for
analyzing the effectiveness of alternative plans for system
expansion to meet increased load demand (Dimitrovski
and Tomsovic, 2004; Gilbert et al., 1998). These analyses
require the calculation of numerous load flows for both
normal and emergency operating conditions.

The load flow problem consists of the calculations of
power flows and voltages of network for specified
terminal or bus conditions.

EQUATIONS OF LOADS DISTRIBUTION
The load flow problem can be solved by the Newton-

Raphson method using a set of nonlinear equations. For
n bus system:

n
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Specified real and reactive powers in terms of bus
voltages:
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In polar coordinates:
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For two bus systems
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Note:
» The Eq. 6 are algebraic equations in permanent
mode.

¢ These equations are nonlinear equations.
¢ The balance of the active powers gives:

PoitPga =Ppi + Poa t Rp + Fop =Py T P + 1, ®)

Where P, Represent the losses of powers.
*  The balance of the reactive powers gives:

Qa1+ Qg2 =Qp1+ Qpz + g +
Frq = Q1 +Qp2 + Q1

©)

Where Q.. Represent the reactive power absorptive by
inductances of lines.

Tf Q<<0: Tt is said that it is generated by the load capacities
of lines.

*  BFp.Fp. K. Faq 0 Are functions of the voltages and
phases.

Therefore:

|V,

B =P (V)

=81=52)
(10)

Qp =Qu{|Vi]: Vs

5.5,)

*» The Eq. 6 lead to the difference in angle
51 - 52 and not the two angles separately.

. ccording to these equations there are 12 variables
and 4 equations.

SOLUTION OF THE LOAD
DISTRIBUTION PROBLEM

¢ Ttis necessary to estimate them and them Q.

*  We can specify the variables of control P, et Q.

»  The states varables remain unknown.

¢ The other problem which remainder is that of the
angles which are given m the form of difference and

(Si _aj) no separate.

The stages to follow to find the solution of the
problem of the load flow for a system of two bus 5 as
follows:

*  One fixesd, = 0.
» The total number of unknown factors 1s 3.
(|Vi]:| V3.8, Pg1.Qqy ) Reduced the number of

variables of states to 3. (Wl

>

Va

.8,)

»  One can specify the tension [ m bus; one will thus
have like reference |V1 8 Then the number of
unknown factors becomes 4: (|V2 =82=PG1=Q(31) )

NEWTON-RAPHSON ALGORITHM APPLIES TO
THE LOAD FLOW IN POLAR COORDINATES

2

I If one applies the method of Newton-Raphson to
the powers of the Eq (10), (Roebuck and Saylor, 1991 ),0ne
obtains by considering that the bus of reference 1s the
play of bar 1
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The powers of balances are defined:
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The two systems of Eq. (11) and (12) combined give:

- . o] [o] |- .
AplY) oR,  OR) OFy Fon [ agle)
% @, A
Apl] BELL] gl | oEll] aFL] Asl)
2%, 38, 9|V [V,
orl® oE Rl ol
Acl 4 4 Ayl
z 2%, 38, |9V, 9|V, | 2
apldl apl®l |l apl@l
o] | | Zna ng | g ng_ |l
S A TR 1Al
(13)
By using another notation, one will have:
APl ] | ad® ! apl”
Ak AV || aye Al®
from where
@[1] _ §[0] j{J[O]]—l QPM
V|| o AQl
and
@[2] _ @[11 J{Jm}—l épm
vl ||yl achl
for iteration (I+1)
_§[1+1] _ §[1] J{J[UTI ép[l]
e ||l Al
(14)

EXAMPLE OF LOAD FLOW CALCULATION

The description above applies to a load bus, where
the active power and reactive power flow are specified
and the voltage magnitude and angle is to be calculated,
(Dias and Hawary, 1987, Prabha, 1993).

1: Floating bus 2. generator bus 3: load bus Nodal
admittance matrix:

Il -9 4 15 Vi
12 = 4 -4 j10 V2
13 ST | AU e Y
Values for P,, P,, Q, are given, so the iterative

solution centres on these quantities.
The bus voltages are:

V, =0.1<0°
V2 :1.1<82 2
Vy =| V3| < 8

so the solution variables are 8, =| V| <8,
Express the set values in terms of the variables:

S, = Vo T =L LBy {4V, iV —j10%5]

=448, 90| 1694907 111 48, -8 -0

B, =ddoos{ ) ~90° |11 Vyloox{ 8, 5 o1

Sy=V3 5[y st i)
P, :5.0‘V3‘cos(63 —90°)+11\v3\oos(63 -5, —90")
o8 :5.0‘V3‘sin(83 7900)+11‘V3‘sin(83 -3, —90°)+15\v3\2

Tterative solution: starting with initial estimates of
3, | V5[, 05

s Calculate power and reactive power errors:

AP, =P, -P,
AP; =P —Py
AQy=Q3s—(

+  Jacobian elements
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ap . .
Z2- —4.4sin(82 —900) 11V, sin(82 3, —90") 07 8y +407:8) =83 +A03: V3 - V3 +AV;
034
dP
2 1V, sin(82 783 7900) and repeat from stage 1 (Table 1). Sample results
983

P =0.5pu P ,=0.483pu
JP. 1 pu by P
#:11c05(82783790°) etc.
3
P, =0.017pu P,,=1.017pu

¢+ TInvert the Jacobian and hence calculate the

corrections to the estimates A825 A83’ AV3 ILLUSTRATIVE EXAMPLES
*  Form new estimates

A 5-bus system shown in Fig.1 is test to illustrate the
procedure of proposed method. In this system, bus 3,4
and 5 are PQ bus, bus 2 is PV bus and bus 1 is slack
bus (Table 2-5).

Table 1: Sample results

3 5 &= (0) 8, = (0) v
10 =20 0.9
-2.8 4.8 1.24
-0.34 -3.82 1.09
-0.23 -5.21 1.05
-0.22 -5.28 1.05
0.22 -5.8 1.05
from which the power flow can be calculated
2
4 Table 2: Scheduled generation and assumed bus voltages for sample system.
Generation Load
Bus Assumed
@ code P voltage Mw Mvar Mw Mvar
1 1.06+0.0 0 0 0 0
2 1.00+0.0 40 30 20 10
3 1.00+0.0 0 0 45 15
Fig. 1. Scheduled generation and assumed bus 4 1.00+0.0 0 0 40 5
voltages for sample system 1.00+i0.0 0 0 60 10
Table 3: Bus voltages
Bus2 Bus3 Bus4 Bus5
Iteration [V 3y =(Rd) v 5 =(Rd} V4] 84 = (Rd) |V b5 = (Rd)
0 1.0 0.0 1.0 0.0 1.0 0.0 1.0 0.0
1 1.0562 -2. 75889 1.03579 -5.05317 1.03595 -5.3986 1.03270 -6.27305
2 1.04755 -2.80341 1.02433 -4.99892 1.02373 -5.33167 1.01814 -6.15473
3 1.04755 -0.00078 1.02433 0.00095 1.02373 0.00117 1.01814 0.00207
Table 4: Changes in Bus powers
Bus2 Bus3 Bus4 Buss
Tteration AP AD 5 APy AQ3 APy AQy APs AQ3
1 0.50000 1.18500 -0.37500 0.103000 -0.4000 0.00500 -0.60000 -0.06000
2 -0.09342 -0.03857 -0.00102 -0.003586 0.01172 -0.03868 0.002244 -0.06563
3 -0.00323 0.00040 0.00018 -0.000530 0.00064 -0.00069 0.00103 -0.00132
Table 5: Bus power
Bus2 Bus3 Bus4 Bus5
Tteration P, Q Py Qs Py Qq Ps Qs
1 -0.30000 -0.98500 -0.07500 -(0.28000 0.00000 -0.05500 0.00000 -0.04000
2 0.293392 0.23857 -0.44898 -0.11414 -0.141172 -0.01132 -0.62244 -0.03437
3 0.203230 0.199%6 -0.45018 -0.14947 -0.40064 -0.04931 -0.60103 -0.09868
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CONCLUSION

This study presents an alternative to the way the load
flow equations are currently solved. Instead of combming
the nodal equations and the bus constraints inte a smgle
set of 2 nonlinear equations, the NR method 1s applied to
the two primitive sets of equations, (Gomz and Romos,
2002). The enlarged model, in which current injections are
retained in the state vector, leads to a very simple solution
methodology 1if polar coordinates are adopted. A
straightforward approach to dealing with PV buses 1s also
proposed. Experiments confirm that, depending on the
number of PV buses, the computational effort per iteration
ranges between 50 and 80% of that required by other
formulations. Not only comes this saving from the simplicity
of the Tacobian terms, as in other polar-based methods, but
from the mismatch vector computation as well, particularly
when many zero-injection buses are present, (Tinney and
Hard, 1967). While the convergence rate of the proposed
method, when transmission networks are solved, 1s similar
to that of existing implementations, a noticeable
immprovement 1s obtamned when dealing with distribution
networks.
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