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Network modelling is a critical step in the analysis of distribution networks. It is used
to relate the input currents and voltages with the output currents and voltages. This work
aims to construct a new admittance matrix for distribution networks. The new
admittance matrix is derived based on ABCD matrix, which presents the exact model
of different types of power distribution networks considering the unbalance/balanced
and single/three phase characteristics. The model takes into account shunt admittances
to reflect the accurate performances of the components in the distribution networks,
especially in the presence of distributed generation units. The importance of considering
shunt admittance is due to the presence of capacitive charging current which can affect
the node voltages. Application of the new admittance matrix of distribution networks
in Newton-Raphson power flow analysis is performed. The standard IEEE 37 bus
system is used to test the validity of the proposed approach. MATLAB environment is
used to confirm the results. Simulation results show the accuracy of new network

admittance matrix in power flow analysis.

1. INTRODUCTION

Electric power networks are one of the most complex
systems [1]. Traditionally, power is produced by large power
generation units and is transferred to users through
transmission lines in a one-way direction. The distribution
power systems have been considered as passive networks
since the power flow is unidirectional (from the substation to
the users). They generally rely on the transmission network for
system control. However, the future electrical networks are
hosting many loads, distributed generations and ancillary
service devices. Such utilization makes distribution systems
active due to the power generation inside their networks.
Indeed, active networks can supply the excessive power to the
high-voltage side. This creates bidirectional power flow in the
system. Thus, the network complexity and size are
significantly increased. This means that electrical networks are
quickly changing and becoming harder to analysis and control
[2].

Network modelling is a crucial stage in analysis of
distribution networks. This is due to fact that network
modelling can reflect the performance of network components
in power system operation [3]. It is used to relate the input
currents and voltages with the output currents and voltages [4].
The importance of selecting an appropriate and exact model
for a particular power network can be understood in different
issues such as power flow analysis, sensitivity analysis, and
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short circuit analysis. In power system literature, several
methods were developed for power flow calculation [5-41],
sensitivity analysis [42, 43], and short circuit analysis [44, 45]
on distribution networks.

In this work, the authors focus on the issue of power flow
computation. Indeed, power flow is an important analysis for
future distribution systems. Many network issues like energy
management, optimization, state estimation, and network
reconfiguration depend on power flow results. Such issues are
the heart of system operation, control and planning. Power
flow calculation determines the steady state behaviour of the
network by computing the voltages magnitudes and phase
angles of power networks.

An efficient power flow approach is needed for three-phase
unbalanced distribution systems in the presence of distributed
generations and other active resources. The traditional power
flow methods for transmission networks, such as Gauss Seidel,
Newton-Raphson, and fast decoupled power flow are widely
used for network analysis. However, these methods are
associated with convergence problems when they are
performed on distribution networks due to their special
characteristics. Thus, many researchers have developed
Backward—Forward sweep-based algorithms [11-18]. These
methods can handle the radial networks but they are not
suitable for meshed networks. This approach also depends on
iterative processes in which two computational steps are
required. Other researchers have modified the conventional
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methods (Newton-Raphson and Gauss—Seidel) to handle the
characteristic of distribution networks [19-41]. A decoupled
load-flow approach for distribution system is developed [19].
In the study [23], the Newton-Raphson method in complex
form was studied. The Newton-Raphson method was studied
based on current injections [24-26]. According to the study
[27-29], the Newton-Raphson method was extended to include
the unbalanced distribution networks. Loop frame of reference
based three-phase power flow for unbalanced radial
distribution networks is proposed [30]. A new power flow
algorithm for islanded microgrids based on Newton trust
region method is developed in Refs. [33-35]. The load flow
computation is improved with an optimization factor [36]. A
new method for solving the power flow problem in the ill-
conditioned systems is developed [39]. Some of them show
that the convergence characteristics are improved, and they are
suitable to be implemented in distribution networks. However,
this type of methods doesn’t include the exact models of
network components in formulating system admittance matrix
and thus in network analysis. They are usually formulating the
system using the series admittances and mutual coupling
between phases ignoring the shunt admittances. The effect of
the shunt admittances is significant in power flow analysis in
distribution systems, especially with the incorporation of
distributed generation. The integration of distributed
generation can change the unidirectional characteristics of
power flow, and thus the impact of shunt admittances may be
changed. Taking into account that considering the shunt
admittance increases the accuracy of power flow results.
Therefore, system stability limits can be accurately determined
under different loading conditions. Moreover, the allowable
upper and lower voltage limits of system buses can be
precisely set. This, in turn, would increase the accuracy of
knowing the voltage regulation (V. R) on each bus.

In this regard, this work aims to formulate a new system
admittance matrix for distribution networks considering the
exact modelling of system components. It deals with the
representation of distribution network components under
normal operating conditions. The representation can be done
by an equivalent model with appropriate fundamental circuit
parameters. The component modelling is presented through
ABCD matrix, which could simplify the analysis procedure of
power network. The new admittance matrix is then utilized in
Newton-Raphson based power flow.

The main contribution of this work is to include the exact
models of network components in formulating the system
admittance matrix. Compared with well-known methods, this
method includes the shunt admittances in the analysis.

The rest of this work is organized as follows. Section 2
present the component modelling of different types of
distribution power networks. Section 3 presents the new
system admittance matrix. Section 4 shows simulation results.
The conclusions and future works are stated in Section 5.

2. MODELING OF NETWORK COMPONENTS

This section deals with the representation of distribution
network components under normal operating conditions. The
representation can be done by an equivalent model with
appropriate fundamental circuit parameters. A general form of
representing a segment (component) is shown in Figure 1. The
segment is between two nodes “n” and “m”. The current passes
from node “n” to node “m”.
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Figure 1. Two-port representation of a network segment

By applying Kirchhoff’s voltage and current laws (KVL and
KCL), we can obtain the following general equations:

V, = AV, + BI,, (1)
I, = CV, + DI, ()
In matrix form:
Vi _[A B Vm]
[ln] =z ol [Im )

where, n: sending end of the segment; m: receiving end of the
segment; V. input voltage; Vm: output voltage; In: input current;
Im: output current; ABCD: segment parameters.

Egns. (1) and (2) represent the relation between the input
(voltage & current) and the output (voltage & current) of a
segment. The equations can be written in terms of the circuit
coefficients (i.e. ABCD constants). Thus, the segment can be
represented by a two-port system with ABCD model.
According to the type (or characteristics) of distribution
networks, network modeling can be classified as presented in
the next subsections.

2.1 Single-phase networks (Approximate model)

The representation of single-phase distribution networks
can be done by an equivalent model on a per phase basis. The
terminal voltage is represented as line to neutral and the
current is for one phase.

2.1.1 Distribution line modeling
The distribution overhead and underground line segments
in a single-phase distribution network can be approximately
modeled by series impedances as shown in Figure 2. This
approximation is due to fact that shunt admittances of line
segments can be ignored in some cases.
"ril‘!

Z=R+jX Ir fm

Figure 2. Approximate model of a single-phase line

where, Z is the total impedance of the line. R and X represent
the total resistance and reactance of the line. The total line
impedance can be represented as (r+jwL)I=R+jX. The values; r



and L are the per phase resistance and inductance per unit
length, respectively. I is the line length. V, and I, are the phase
voltage and current at the sending end of the line, and Vi, and
I are the phase voltage and current at the receiving end of the
line. I represents the line current.

Set of equations can be developed to model the line segment.
For the line segment of Figure 2, the equations that relate the
input (node n) voltage and current to the output (node m)
voltage and current are developed as follows:

By applying KVL, the phase voltage at the sending end is:

V,=V,+ZI, 4)

By applying KCL, the phase current at the sending end is:

)

By comparing (4) and (5) with the general model Eqgns. (1)
and (2), we obtain that A=D=1; C=0; B=Z. In matrix form, we

[i]=0 207

2.1.2 Distribution transformer modeling

The equivalent circuit for a two-winding transformer in a
single-phase system can be approximately represented as
shown in Figure 3. This approximation is due to fact that shunt
admittances of transformers can be ignored in some cases. The
equivalent circuit of Figure 3 can be modified by referring the
primary impedance (Z1) to the secondary side as shown in
Figure 4. It is clear that the equivalent circuit of single-phase
transformer consists of an ideal transformer together with
elements which represent its real performance.

(6)

4y =R +3iX) N, :N, Zz=Ry+jXy
——AAAA—YI > AN~ o
+1, Ly, *
W E By Vin

Figure 3. Approximate model of a single-phase transformer
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Figure 4. Modified approximate model of a single-phase
transformer

The total impedance Z of the transformer is given by:
Z = n?Zl + ZZ

where, n; represent the turn ratio of the transformer and can be
calculated as:

n, =
N.
1
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where, Z;: impedance of the primary winding; Z,: impedance
of the secondary winding; Ri: resistance of the primary winding;
R»: resistance of the secondary winding; Xi: reactance of the
primary winding; X»: reactance of the secondary winding; Na:
number of turns of the primary winding; N2: number of turns of
the secondary winding.

Referring to Figure 4, the equation for the ideal transformer
becomes:

Ez = Tlt El
Applying KVL in the secondary circuit, we obtain
E, =V, +ZI,

The input voltage of the transformer is:

1 A
Thus, V, = —V, +—

I 7
oVt ol (™

The input current to the transformer is:
In = nt Im (8)

By comparing (7) and (8) with the general model equations:
we obtain that:

v 1z v
- [
0 n

2.2 Single-phase networks (Exact model)

The exact model of single-phase networks can be obtained
by including the shunt admittances of line segments and
transformers as shown in Figure 5 and Figure 6, respectively.
The only difference between the exact and the approximate
models is the parameters of ABCD matrix.

L, Z=R+jiX 1, In
o AAMA~YTTTY o o
+ +

Ly -
- YT

=
=]

Figure 5. Exact model of a single-phase line

where, Y is the total shunt admittance of the line and can be
represented as:

Y = (jwe)l

where, ¢ is the per phase capacitance per unit length,
respectively.



Zy =R +jiX) Ni:Ny,  Zy=Ry+jX»
o AAAAYY A
+ In IU Ié Im +

Figure 6. Exact model of a single-phase transformer

where, Re1 and Xm1 are the core resistance and magnetizing
reactance, respectively. The transformer shunt admittance Y
can be obtained as Rey//Xma.

By repeating the same procedure presented in section 2.1.1,
we obtain that the matrix ABCD of single-phase lines is
changed as:

zY
A P 1 IR
R ly(14%) 14Z| Um

4 2

Similarly, by repeating the same procedure presented in
section 2.1.2, we also obtain that the matrix ABCD of single-
phase transformers is changed as:

z
Vn] ne o one [Vm]
= (11)
[In l E + ng Im
ne
2.3 Balanced three-phase networks

The representation of balanced three-phase distribution
networks can be done by an equivalent model on a “per-phase”
basis, similar to models presented in section 2.1. The
parameters (Z and Y) are represented per phase. The terminal
voltage is presented from line to neutral and the current is for
one phase. Thus, the relations expressed in (6), (9) are used for
approximate modelling of balanced three phase networks while
the expressions illustrated in (10) and (11) are used for exact
modelling of balanced three phase networks.

2.4 Unbalanced three-phase networks (Exact model)

For unbalanced systems, it is necessary to involve the actual
phasing and the correct spacing between segments (or
windings). The impedances and admittances parameters are
represented per phase.

2.4.1 Distribution line modelling

The distribution overhead and underground line segments in
an unbalanced three-phase distribution network can be
represented as shown in Figure 7.

Node » la, > lline, > Zaa lay, S Node m

Vag, 1, N Hiney S Zpy }Znh Zea Iby, Vag,,

n
Vbg,,

"
Veg, Vg

Gy,

Figure 7. Unbalanced three- phase distribution line model

where, Zaa, Zub, and Z. are self-impedances for the line a, b and
¢ respectively. Zap, Znc, and Zca are mutual impedances between
the lines. Thus, the impedance matrix Zanc and shunt admittance
matrix Yanc for the three phases can be obtained as:

Z aa A ab A ac Yaa Yab Yac
Zave = |Zba Zov  Zbc|Yape = |Yoa Yoo Yoc
Z ca Z cb Z cc Yca ch ch

By applying KCL and KVL concepts, we can obtain the
ABCD matrix of three-phase lines is as presented in (12)-(15)
conclude that:

Vabc- Vabc
[n :[A B][m] (12)
I;lzbc_ cC D Irtrzlbc
Vnag— Vn?g Ia
n
where, Vnabc — ang , Vrgbc — an;g , Igbc — 17111 ’ I,%bc —
c
Iy, " " "
.
I,

From the analysis of KVL and KCL concepts ABCD
parameters can be found as:

1
A=D =U+5ZapcVave (13)
B =Zupc (14)

1
C=Yape+ ZYachabcyabc (15)

where, U is a diagonal matrix and their elements equal to 1.

2.4.2 Distribution transformer modeling

The distribution transformers can be divided into several
types based on their winding’s connection. The transformer
modelling depends on the winding connection. A general three-
phase transformer is shown in Figure 8.

Node # I, I Nade
a
o> —|eH XYoo
Van . Var Vai L Vin
.*—):7%.4* Hy X ¥V4:>—*.
Van 1. Vac o be L Vi,
- - + + -
e H Xy of———>—e
o Ve 1, Ven _
el Xoo——>—e
Source side Load side

Figure 8. General three-phase transformer bank

By applying KVVL and KCL on the transformer terminals,
we conclude that:

Vabc Vabc
e =0 B | (16)
Ig. c C D I#lbc
where,
vaN yan “ 6
b BN b b b B b b
vere = (vt [ vae = (v |12 = |1 |I%S = |1 |-
vy Vi I L



The ABCD parameters of different types of distribution
transformer are summarized in Table 1.

where,
Zia O 0
Ztabc = 0 th 0 (17)
0 0 Zg
1[4 -2 1
wy-1l= 3 1 4 =2 (18)
-2 1 4

3012

2 01

wi = —ll 2 Ol (19)
The terms V. and Vi denote the line- line voltage and line-
neutral voltages, respectively. The subscripts p and s represent
the primary and secondary winding, respectively. n; is the
effective turn ratio. The impedances Zw, Zw, and Zg are
impedances for Y connected windings. The impedances Zap,

Zine, and Zica are impedances for 4 connected windings.

Table 1. ABCD parameters of different types of distribution transformer

Transformer connection

ABCD parameters

Node n Node m nt A B! C D
-1
V Zig O 0 1
Y-G v-6 22 ne U 110z, o 0 —vU
Vins | o 0 Z, ng
- 1 0 —
Ztab Ztca
Vinp 11 -1 1
Y-G A —_— n, Wy-1 — 0 0 — wIt
ViLs ‘ Ne|Ztab  Zene ng
0 -1 1
thc Ztca
1 0 —17
Ztab Ztca
Viny 1 172 01
Y A —_— ne Wy=1 — 0 0 —|2 3 1
ViLs N¢|Ztap  Ztbe 3ng|_
1 0 1
0 -1 1
thc Ztca
-2 1 4
_, [0 2 1 |Zta Ztq Ztal
A YG  Vip %1 0 2 14 -2 1| , 1 (1) —11 01
Vins 210 3ne|Zey Zep Zep ntl_1 o 1
1 4 =2
. Zic Zye Zyc .
A A i n, U wy-1 0 —vu
ViLs ne
1 0 0
1 -1 0 Zra 10 0
Open A Vinp - -1]1-1 1 1
Open Y-G (phase c) ne| 0 1 -1 =—|— — 0 —({0 0 -1
(phasec) V¢ ’ -1 0 1 3n¢|Zea Z_tlb "o o o
0o — O
Ztp

3. NEW NETWORK ADMITTANCE MATRIX OF
DISTRIBUTION NETWORKS

Figure 9 presents a one-line diagram of a balanced three-
phase distribution system. The network consists of four buses.
The voltage magnitude Vy, phase angle Jn, active and reactive
power Py, Qn are the common quantities linked with every bus.

Infinite
bus [Zanc] [ane)

O =1 3 I= |

| ZeqS) | % & I [ZeqL) | load

2 Ay 3 4

Figure 9. One line diagram of a balanced three phase
distribution feeder
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By applying KCL at each node and considering the general
formula illustrated in (2), we obtain:
At node 1 (Where 0 denotes the ground):

I, = (CioVy) + (Ci3Vy + Diglis) (20)

At node 2:
0 = (C1Vy + Dyqly1) + (Co3Vs + Dyslys) (21)

At node 3:
0 = (C35Vy + D3zlz5) + (C34Vy + Dgylsy) (22)

At node 4:
—1, = (C43V5 + Dy3ly3) (23)



where, the subscripts “n” & “m” of the terms (Cnm, Dnm, and
Inm) denote the branch n-m. the subscript “0” denotes the
ground. Since the buses 2 and 3 are tie buses, their current
injections are zero. Bus 4 is a load bus and therefore it was

assigned with a negative value.

The currents I.n can be obtained from the general equation

illustrated in (2) as:

24)

By substituting (24) into (20), (21), (22) and (23), we obtain

Iy = (Cio + DipBiz ')Vy + (Ciz — Di2Bia M A1)V, (29)
0= (C21 - D21Bz1_1A21)V1

+ (D21Bay ™t + Dy3Bys ™)V, (26)

+ (Ca3 — Da3Bas ' Az3)Vs

0= (Csz - D3zB32_1A32)V2

+ (D3yBs; '+ D3yBs, )V (27)

+ (C34 — D34B3s ' A3a)Vs
~1; = (Caz — DazBaz ™ Aus)Vs + DazBys ™'V, (28)

or
I, = Yy, Vy + Yy3V, + OV, + OV, (29)
0 = Yy, V; + YoV, + YysVs + OV, (30)
0 = OV, + YaoV, + YasVs + YauVl 31)
I, = OV, + OV, + YysVs + YpuV, (32)
By comparing (29)-(32) with (25)-(28), we obtain:

Y1 = Cio + DizBip ™" (33.9)
Y2 = D31Byy ™' + Dy3Bys ™ (33.b)
Y3 = D3pBsy ™' + D3yByy ™ (33.¢)
Yaa = Dy3Bys™" (33.d)
Yi, = Y5y = Cip — D1yByy "4y, (34.2)
Yy = Yay = Cy3 — Dy3By3 ' Ays (34.b)
Yag = Vi3 = Cs34 — D34B3y A3y (34.0)
You =Yy, =Yi3=Y3; =Y, =Y, =0 (35)

From (33)-(35), we can conclude a general formula for the
elements of system impedance matrix. The diagonal elements

can be obtained as:

The non-diagonal elements can be obtained as:

(36)
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Ynm = Ymn = Cnm - Dntnm_lAnm

(37)
If there is no connection between the any two buses, then:
Yom = 0 (38)

Thus, in general form, the nodal current equations can be
written as:

Yy

rhp [ A
il =tve - v o v || Y] (39)
l‘V lrxl D Y . Yaw [VN

Similarly, for unbalanced three phase distribution networks,
The diagonal, non-diagonal elements, and the nodal current
equation can be obtained as:

x
Yrilr?c =Cho + Z Dntnm_1

(40)
m=1
Yr?rlr]lc = Ymn = Cnm - Dntnm_lAnm (41)
[Ilabc] [Yﬁbc . Ylal:bc Yabc] [Vlabc-l
L] |
llia-bc l = Yi‘%bc o Yizl_lbc Yizlz.vbc lvﬁbc l (42)
el e Ty el

where, V;*2¢ and I8¢ are vectors of the three phase voltages
and current, respectively, of node i.

The new admittance matrix can be utilized Newton-
Raphson power flow for accurate results.

4. SIMULATION RESULTS

To validate the proposed approach, the new admittance
matrix is used for power flow analysis via Newton-Raphson
power flow. The new admittance matrix considers the exact
model of networks (i.e. series impedance, shunt admittances,
ant transformer turn ratio).

—_—
7 724
72
) 9707
701
2 I 13 04
. . » 0
705 702

iﬁtl
79 144 721

» 718
725

728

732 708
. 709 o731
5 NI“
733 s
710 p 734
I 740
735 Py .
737 733 7 741

Figure 10. The standard IEEE 37 bus network



The standard IEEE 37-bus network shown in Figure 10 was
chosen as an unbalanced test network. The power flow and the
new admittance matrix algorithms were implemented in
MATLAB software. Without loss of generality, only voltage
magnitudes are considered for check the accuracy of the ne
admittance matrix. Two cases are considered for the analysis
as shown in the next subsections.

4.1 At no distributed generation

1.04 - —
—H&—Phasea

—%—Phase b
Phase ¢

Voltage (p.u)
> B

=2 S

T

o

©

©
T

o
©
=)

Figure 11. Voltage profile obtained from power flow results
using the new admittance matrix at no distributed generation

Table 2. The percent errors in the voltages at no distributed
generation (x<10%)

Bus Phase a Phase b Phase ¢
799 0.00 0.00 0.00
701 0.00 0.00 0.00
702 0.14 0.23 0.34
703 0.76 0.51 0.71
727 0.25 0.49 0.77
744 0.22 0.32 0.69
728 0.15 0.14 1.12
729 0.49 0.57 1.02
730 0.11 0.55 0.34
709 0.36 0.65 0.60
708 1.05 1.14 0.66
732 1.20 1.25 1.68
733 0.95 0.56 0.78
734 0.85 0.28 0.85
710 1.80 0.48 1.81
735 1.60 0.48 0.80
736 1.68 1.24 0.91
737 1.19 0.72 0.22
738 1.66 1.08 0.55
711 2.00 0.94 1.08
740 0.46 0.61 0.89
741 1.51 1.69 1.02
731 1.90 2.03 1.93
775 1.28 0.80 0.98
705 0.16 0.12 0.23
712 0.37 0.58 0.43
742 0.24 0.03 0.16
713 0.12 0.04 0.68
704 0.99 0.44 0.27
714 0.97 0.59 0.36
718 0.36 0.74 0.82
720 1.04 0.84 1.00
706 0.67 0.82 0.37
725 0.61 0.12 0.49
707 0.45 0.35 0.86
722 1.66 1.23 1.58
724 1.92 1.80 2.00
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By performing the power flow on the test system and by
considering the new admittance matrix, the three phase
voltages are obtained. Figure 11 shows the three phase voltage
profiles. It is clear that the voltage at slack bus equals 1 at the
three phases. The results also show that the variation in the
voltage from one bus to another bus is directly related to the
physical connection between the nodes. The results of
Newton-Raphson power flow that consider only the series
impedances are also obtained. The percentage errors in the
three phase voltages of network buses are presented in Table
2. All the relative errors are in the order of 103-102, which
demonstrate the importance of including the shunt admittances
in the analysis for accurate results. Indeed, the exact models of
electric power components reflect the charging currents that
can be supplied to the network.

4.2 With distributed generation

The effect on the three phase voltages in case of integrating
distributed generation into the system is also studied in this
work. Two distributed generation units are installed in the
system. Their locations are at buses 724 and 722. The capacity
of each unit is half its own load. By performing the power flow
analysis considering the new admittance matrix, we obtain the
three-phase voltage profiles shown in Figure 12. It is clear that
the voltages are significantly improved at (and near) the buses
724 and 722. The results are also compared with power flow
results without including the shunt admittances. The percent
errors in the three phase voltages of network buses in the
presence of distributed generation are presented in Table 3.
The errors are also in the order of 10-°-102. This is due to the
fact that including the shunt admittances in the analysis can
affect the charging current injected into the network, and
hence the bus voltages.

—&—Phasea
—*—Phase b
Phase ¢

103 F f\
|
|

1011 |/ %

Voltage (p.u)
@
éj
‘%\7
:
e
:

0.99 -

0.98

Figure 12. Voltage profile obtained from power flow results
using the new admittance matrix in the presence of
distributed generation

Table 3. The percent errors in the voltages in the presence of
distributed generation (x<10%)

Bus Phase a Phase b Phase ¢
799 0.00 0.00 0.00
701 0.00 0.00 0.00
702 0.15 0.25 0.4
703 0.81 0.54 0.8
127 0.27 0.52 0.86
744 0.24 0.34 0.73
728 0.14 0.13 1.18
729 0.55 0.67 1.08




730 0.10 0.58 0.31
709 0.41 0.69 0.55
708 1.17 1.35 0.78
732 1.34 1.48 1.87
733 1.12 0.66 0.87
734 0.95 0.32 0.78
710 2.00 0.54 1.65
735 1.78 0.54 0.95
736 1.77 1.45 1.08
737 1.26 0.84 0.26
738 1.94 1.20 0.62
711 2.23 1.05 1.21
740 0.52 1.01 0.94
741 1.68 1.54 1.08
731 2.21 1.85 2.25
775 1.49 0.94 1.15
705 0.18 0.14 0.26
712 0.42 0.65 0.48
742 0.27 0.04 0.18
713 0.11 0.05 0.62
704 0.9 0.47 0.25
714 0.89 0.63 0.42
718 0.41 0.87 0.92
720 1.16 0.98 1.12
706 0.75 0.92 0.44
725 0.72 0.14 0.45
707 0.53 0.41 1

722 1.94 1.37 1.67
724 2.14 2.01 2.11

By obtaining the average percent errors for each phase
voltage, we find that the average errors in case of the presence
of distributed generation is higher than the normal case. This
also demonstrates the necessity to include such new
admittance matrix in the analysis, instead of the conventional
matrix. It is worth mentioning that the errors can be higher in

case of practical systems or large scale-systems.

5. CONCLUSION

This work developed a new admittance matrix for
distribution network for Newton-Raphson power flow
purposes. The new admittance matrix considers the exact
models for network components. Newton-Raphson power
flow was performed on standard IEEE 37 bus network. The
results obtained using the proposed method showed that the
voltage profiles among network buses coincide with the
physical connection between the nodes. The results also
showed that the percent errors (in the voltages obtained using
the new admittance matrix and the conventional ones) are in
the order of 103-102. This demonstrates the importance of
including such new admittance matrix in the analysis to obtain
accurate results. Besides, the average errors in case of presence
of distributed generation were greater than in case of passive
networks.

REFERENCES
[1] Schavemaker, P., Van der Sluis, L. (2017). Electrical
Power System Essentials, 2nd Edition. John Wiley &
Sons.

[2] Sereeter, B., Vuik, K., Witteveen, C. (2017). Newton

175

(3]
(4]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

(14]

[15]

[16]

power flow methods for unbalanced three-phase
distribution networks. Energies, 10(10): 1658.
https://doi.org/10.3390/en10101658

Kresting, W.H. (2012). Distribution System Modeling
and Analysis. Third edition. CRC Press.

Saadat, H. (2011). Power System Analysis. Third edition.
PSA Publishing LLC

Teng, J.H. (2003). A direct approach for distribution
system load flow solutions. IEEE Transactions on Power
Delivery, 18(3): 882-887.
https://doi.org/10.1109/TPWRD.2003.813818

Demirok, E., Kjer, S.B., Sera, D., Teodorescu, R. (2012).
Three-phase unbalanced load flow tool for distribution
networks. In 2nd International Workshop on Integration
of Solar Power Systems, Energynautics GmbH, pp. 1-9.
Maya, K.N., Jasmin, E.A. (2015). A three phase power
flow algorithm for distribution network incorporating the
impact of distributed generation models. Procedia
Technology, 21: 326-331.
https://doi.org/10.1016/j.protcy.2015.10.040

Tang, X.B., Tang, G.Q. (2010). Power flow for
distribution network with distributed generation. In 2010
Asia-Pacific Power and Energy Engineering Conference,
Chengdu, China, pp- 1-4.
https://doi.org/10.1109/APPEEC.2010.5448305

da Costa, V.M., Martins, N., Pereira, J.L.R. (1999).
Developments in the Newton Raphson power flow
formulation based on current injections. IEEE
Transactions on Power Systems, 14(4): 1320-1326.
https://doi.org/10.1109/59.801891

Murari, K., Padhy, N.P. (2020). Graph-theoretic based
approach for the load-flow solution of three-phase
distribution network in the presence of distributed
generations. IET  Generation, Transmission &
Distribution, 14(9): 1627-1640.

Khushalani, S., Solanki, J.M., Schulz, N.N. (2007).
Development of three-phase unbalanced power flow
using PV and PQ models for distributed generation and
study of the impact of DG models. IEEE Transactions on
Power Systems, 22(3): 1019-1025.
https://doi.org/10.1109/TPWRS.2007.901476
Thukaram, D.H.M.W., Banda, H.W., Jerome, J. (1999).
A robust three phase power flow algorithm for radial
distribution systems. Electric Power Systems Research,
50(3): 227-236. https://doi.org/10.1016/S0378-
7796(98)00150-3

Cheng, C.S., Shirmohammadi, D. (1995). A three-phase
power flow method for real-time distribution system
analysis. IEEE Transactions on Power systems, 10(2):
671-679. https://doi.org/10.1109/59.387902
Moghaddas-Tafreshi, S.M., Mashhour, E. (2009).
Distributed generation modeling for power flow studies
and a three-phase unbalanced power flow solution for
radial distribution systems considering distributed
generation. Electric Power Systems Research, 79(4):
680-686. https://doi.org/10.1016/j.epsr.2008.10.003
Ranjan, R., Venkatesh, B., Chaturvedi, A., Das, D.
(2004). Power flow solution of three-phase unbalanced
radial distribution network. Electric Power Components
and Systems, 32(4): 421-433.
https://doi.org/10.1080/15325000490217452

Luo, G.X., Semlyen, A. (1990). Efficient load flow for
large weakly meshed networks. IEEE Transactions on
Power Systems, 5(4): 1309-1316.



[17]

[18]

(20]

(21]

[22]

(23]

[24]

[26]

(27]

[29]

[30]

https://doi.org/10.1109/59.99382

Haque, M.H. (1996). Efficient load flow method for
distribution systems with radial or mesh configuration.
IEE  Proceedings-Generation,  Transmission and
Distribution, 143(1): 33-38. https://doi.org/10.1049/ip-
2td:19960045

Haque, M.H. (2000). A general load flow method for
distribution systems. Electric Power Systems Research,
54(1): 47-54. https://doi.org/10.1016/S0378-
7796(99)00065-6

Chiang, H.D. (1991). A decoupled load flow method for
distribution power networks: Algorithms, analysis and
convergence study. International Journal of Electrical
Power & Energy Systems, 13(3): 130-138.
https://doi.org/10.1016/0142-0615(91)90001-C

Chen, T.H., Chen, M.S., Hwang, K.J., Kotas, P., Chebli,
E.A. (1991). Distribution system power flow analysis-a
rigid approach. IEEE Transactions on Power Delivery,
6(3): 1146-1152. https://doi.org/10.1109/61.85860

Chen, T.H., Chen, M.S., Inoue, T., Kotas, P., Chebli, E.A.

(1991). Three-phase cogenerator and transformer models
for distribution system analysis. IEEE Transactions on
Power Delivery, 6(4): 1671-1681.
https://doi.org/10.1109/61.97706

Zhang, F., Cheng, C.S. (1997). A modified Newton
method for radial distribution system power flow
analysis. IEEE Transactions on Power Systems, 12(1):
389-397. https://doi.org/10.1109/59.575728

Nguyen, H.L. (1997). Newton-Raphson method in
complex form. IEEE Power Engineering Review, 17(8):
62-62.

Alzaareer, K., Saad, M. (2018). Real-time voltage
stability monitoring in smart distribution grids. In 2018
International Conference on Renewable Energy and
Power Engineering (REPE), pp- 13-17.
https://doi.org/10.1109/REPE.2018.8657671

Garcia, P.A., Pereira, J.L.R., Carneiro, S., Da Costa,
V.M., Martins, N. (2000). Three-phase power flow
calculations using the current injection method. IEEE
Transactions on Power Systems, 15(2): 508-514.
https://doi.org/10.1109/59.867133

Lin, W.M., Teng, J.H. (2000). Three-phase distribution
network  fast-decoupled power flow solutions.
International Journal of Electrical Power & Energy
Systems, 22(5): 375-380. https://doi.org/10.1016/S0142-
0615(00)00002-8

Teng, J.H., Chang, C.Y. (2002). A novel and fast three-
phase load flow for unbalanced radial distribution
systems. IEEE Transactions on Power Systems, 17(4):
1238-1244.
https://doi.org/10.1109/TPWRS.2002.805012

Teng, J.H. (2002). A modified Gauss—Seidel algorithm
of three-phase power flow analysis in distribution
networks. International Journal of Electrical Power &
Energy Systems, 24(2): 97-102.
https://doi.org/10.1016/S0142-0615(01)00022-9

Vieira, J.C.M., Freitas, W., Morelato, A. (2004). Phase-
decoupled method for three-phase power-flow analysis
of unbalanced distribution systems. IEE Proceedings-
Generation, Transmission and Distribution, 151(5): 568-
574.

Chen, T.H., Yang, N.C. (2010). Loop frame of reference
based three-phase power flow for unbalanced radial
distribution systems. Electric Power Systems Research,

176

[31]

[34]

[35]

[36]

[37]

[39]

[41]

[42]

80(7): 799-806.
https://doi.org/10.1016/j.epsr.2009.12.006

Sun, H., Nikovski, D., Ohno, T., Takano, T., Kojima, Y.
(2011). A fast and robust load flow method for
distribution systems with distributed generations. Energy
Procedia, 12: 236-244.
https://doi.org/10.1016/j.egypro.2011.10.033

Lagace, P.J. (2012). Power flow methods for improving
convergence. In IECON 2012-38th Annual Conference
on IEEE Industrial Electronics Society, Montreal, QC,
Canada, pP- 1387-1392.
https://doi.org/10.1109/IECON.2012.6388538
Abdelaziz, M.M.A., Farag, H.E., El-Saadany, E.F.,
Mohamed, Y.A.R.I. (2012). A novel and generalized
three-phase power flow algorithm for islanded
microgrids using a newton trust region method. IEEE
Transactions on Power Systems, 28(1): 190-201.
https://doi.org/10.1109/TPWRS.2012.2195785

Idema, R., Lahaye, D. (2014). Computational Methods in
Power System Analysis. Atlantis Studies in Scientific
Computing in Electromagnetics, Atlantis Press:
Amsterdam, The Netherlands.
https://doi.org/10.2991/978-94-6239-064-5

Li, C., Chaudhary, S.K., Vasquez, J.C., Guerrero, J.M.
(2014). Power flow analysis algorithm for islanded LV
microgrids including distributed generator units with
droop control and virtual impedance loop. In 2014 IEEE
Applied Power Electronics Conference and Exposition-
APEC 2014, Fort Worth, TX, USA, pp. 3181-3185.
https://doi.org/10.1109/APEC.2014.6803760

Wang, L., Chen, C., Shen, T. (2014). Improvement of
power flow calculation with optimization factor based on
current injection method. Discrete Dynamics in Nature
and Society, 2014: 437567.
https://doi.org/10.1155/2014/437567

Milano, F. (2015). Analogy and convergence of
Levenberg’s and Lyapunov-based methods for power
flow analysis. IEEE Transactions on Power Systems,
31(2): 1663-1664.
https://doi.org/10.1109/TPWRS.2015.2415455

Mumtaz, F., Syed, M.H., Al Hosani, M., Zeineldin, H.H.
(2015). A novel approach to solve power flow for
islanded microgrids using modified Newton Raphson
with droop control of DG. IEEE Transactions on

Sustainable Energy, 7(2): 493-503.
https://doi.org/10.1109/TSTE.2015.2502482
Pourbagher, R., Derakhshandeh, S.Y. (2018). A

powerful method for solving the power flow problem in
the ill-conditioned systems. International Journal of
Electrical Power & Energy Systems, 94: 88-96.
https://doi.org/10.1016/].ijepes.2017.06.032

Sereeter, B., Vuik, C., Witteveen, C. (2019). On a
comparison of Newton—Raphson solvers for power flow
problems. Journal of Computational and Applied
Mathematics, 360: 157-169.
https://doi.org/10.1016/j.cam.2019.04.007

Sereeter, B., Vuik, K., Witteveen, C. (2017). Newton
power flow methods for unbalanced three-phase
distribution networks.  Energies, 10(10): 1658.
https://doi.org/10.3390/en10101658

Dzafi¢, 1., Jabr, R.A., Halilovic, E., Pal, B.C. (2013). A
sensitivity approach to model local voltage controllers in
distribution networks. IEEE Transactions on Power
Systems, 29(3): 1419-1428.



[43]

https://doi.org/10.1109/TPWRS.2013.2290813

Conti, S., Raiti, S., Vagliasindi, G. (2010). Voltage
sensitivity analysis in radial MV distribution networks
using constant current models. In 2010 IEEE
International Symposium on Industrial Electronics, Bari,
Italy, pp. 2548-2554.
https://doi.org/10.1109/ISIE.2010.5637545

Youssef, K.H., Abouelenin, F.M. (2016). Analysis of
simultaneous unbalanced short circuit and open

177

[45]

conductor faults in power systems with untransposed
lines and six-phase sections. Alexandria Engineering
Journal, 55(1): 369-377.
https://doi.org/10.1016/j.aej.2016.01.020

Kim, 1. (2019). Short-circuit analysis models for
unbalanced inverter-based distributed generation sources
and loads. IEEE Transactions on Power Systems, 34(5):
3515-3526.
https://doi.org/10.1109/TPWRS.2019.290355





