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A novel faults analysis method with multiple PV grid-connected inverters for distribution systems is
proposed. The aforesaid proposed method Inverter Matrix Impedance Current Vector (IMICV) employs
symmetrical components combined with a matrix denominated of Inverter Matrix Impedance and with
a vector denominated Impedance-Current Vector which are formed by inspection. This matrix and this
vector are used to solve a linear system of equations where the following post-fault variables are: current
in substation, the voltage at the fault point and voltages in the PV grid-connected nodes. A comparison
of results obtained using the new method with the results of the professional software ANAFAS validates
the method proposed. Computer simulations show that the proposed method for classical shunt faults
analysis is efficient, accurate and easy to program.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

The system of symmetrical components is used traditionally for
the analysis of symmetrical and asymmetrical operation of dis-
tribution systems. Faults in general and short-circuit currents in
particular are the most severe operating conditions in distribu-
tion systems. Each of the different faults, e.g., single-line-to-ground
(LG),line-to-line (LL), line-to-line-to-ground (LLG) and three-phase
(LLL) can be represented by an equivalent circuit diagram in the sys-
tem of phase components and by this in the system of symmetrical
components as well [1-3].

Over the last years energy shortage and environmental prob-
lems have been increasing seriously. Thus, humanity must adopt
renewable energy and green energy in order to achieve a sustain-
able development.
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Since creation of Czochralski process to make the first gener-
ation of single-crystal silicon photovoltaic, the photovoltaic (PV)
systems have been utilized as renewable energy sources to produce
electric power [4]. It is worth noting that PV power is becoming
cheaper and cheaper every year, as a result it is expected to have a
higher penetration level in power networks. Grid-connection of PV
systems is accomplished through the inverter, which converts dc
power generated from PV modules to ac power used for ordinary
electric equipments power supply.

Since growth of PV systems accelerates, it has become impor-
tant as the PV systems will contribute to the fault current during
a fault. Several studies investigate the impact of a PV on the fault
current levels on a feeder using mainly time domain simulation
methods [5]. The following can be cited: Plet and Green proposed
inverter fault models and their use in a network fault analysis [6].
Moreover, in [7], a novel unsymmetrical faults analysis method
with hybrid compensation for microgrid distribution systems is
proposed. This method employs the actual three-phase models to
handle unsymmetrical faults. In [8], a fault analysis method for
inverter-interfaced DGs was proposed. The method aims to esti-
mate the initial high current that an inverter interfaced DG under
voltage control scheme can inject during the first cycle of the
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fault. Ref. [9] proposed a methodology to establish a general index
focused on the insertion of distributed photovoltaic generation
and energy storage using batteries. Ting-Chia Ou proposed a direct
building algorithm for microgrid distribution ground fault analysis
[10]. In [11], MATLAB/SIMULINK is used to simulate single phase
and three phase voltage source inverters which are increasingly
being used to integrate electric power generation from solar pho-
tovoltaic with the electric distribution systems. Ref. [12], also used
MATLAB/SIMULINK to present a model of grid-connected hybrid
AC/DC microgrid. Furthermore, dynamic models for each system
component are developed and used for short-time transient sim-
ulations. In [13], a PV inverter dynamic model in PSCAD/EMTDC
is developed. In [14], the authors investigated the impacts of PV
connection on the protection systems of a distribution network,
especially when power flow is reversed in high penetration sce-
narios. Even though the substation model was built in a real-time
EMTP type simulation environment using RTDS/RSCAD. However,
the power system literature does not present a simple method,
which canbe used in real time. This method is based on solving a lin-
ear system inside an iterative process, meanwhile it calculates the
fault current (on frequency domain) on radial distribution system
connected with multiple PV generation.

In the Power Engineering and for the electric power industry
real-time fault analysis is oriented toward applications in the dis-
tribution system operation area other than the planning analysis.
The results of these earlier studies can be used for distribution adap-
tive relay coordination and settings when feeder reconfiguration is
performed, which could be a useful future smart grid application
[15].

This paper proposes a single and efficient method to calcu-
late shunt fault current on a PV-dominated distribution feeder.
The novel faults analysis method employs symmetrical compo-
nents combined with a matrix denominated of inverter matrix
impedance (IMI) and with a vector denominated impedance-
current vector (ICV) which are formed by inspection. The proposed
method is denominated Inverter Matrix Impedance Current Vector
(IMICV).

The paper is organized as follows: Firstly, the photovoltaic sys-
tem model is introduced. Secondly, a complete demonstration of
the new method is presented, including a numerical example. In
fourth section the new method is validated. Final conclusions and
references are contained in this paper as well.

2. Model of the photovoltaic system

According to German standard VDE 4105 reducing the power
factor (PF) of PV generation using fixed PF should be taken, whether
inductive or capacitive, aimed at improving the operation of the PV
system by the distribution network. Thus, a complete model for a
PV system must represent active and reactive current components.

When a fault occurs on the feeder, the PV system feeds current
to the fault. Due to the characteristics of the inverter, the fault cur-
rent has only positive sequence component which depends on the
PV inverter design. Since the PV systems are designed to push the
maximum power available from PV panels to the system, the PV
inverter tries to push this power even under low voltage condi-
tions which occur during a fault, i.e., it will try to act like a constant
power source [5]. Hence, the current injection from a PV inverter
to the system can be approximated as in Eq. (1):

Py

~ Viosttauti(r)PF < (angle(Vpost-fault(+)) — arccos(PF))

(1)

where Py is the power from the PV panels, Vjosifaule(+) is the ac ter-
minal positive sequence post-fault voltage and arccos(PF) is the arc
cosine of the power factor.

Ipost—fault(+)

I”pu A

>
Vlpw

Fig. 1. V-I characteristics of a PV system.

However, if this current gets to be higher than the maxi-
mum current rating of the inverter, it will limit the current at its
maximum level as shown in Eq. (2). Inverters limit their current to
one to two times the rated current [5].

Ipost-fault(+) = Imax-inverter| < (angle(vpost»fault(+)) —arccos(PF)) (2)

The V-I characteristics of a PV system is showed in Fig. 1.

According to Fig. 1, the PV system feeds current to the fault. If
the three phase voltages are above of the nominal voltage, the mag-
nitude of the injected current will be calculated so as to maintain
the initial active power. Le. the current is calculated by the Eq. (1). If
the voltage gets too low, the magnitude of the current will reach its
maximum limit (Imax) and it will not pass this value. The horizontal
segment (1) in Fig. 1 presents this situation.

3. New method formulation

A complete demonstration of the IMICV method is presented
hereafter, illustrated with a numerical example.

One of the most powerful matrices used in power system
analysis is the bus impedance matrix (Z-Matrix). The Z-Matrix is
generally full, i.e. it contains elements in every position unless there
are disconnected parts of the network. Generally, an algorithm for
finding the Z-Matrix is more direct and cheaper to implement than
performing an inversion of admittance matrix [1].

The new method employs positive, negative and zero sequences
components combined with the IMI and with ICV.

Initially, the proposed method requires the formation of the
classical positive Z-Matrix and classical zero Z-Matrix [16] which
are demanded to calculate the post-fault voltages.

The iterative process requires the setup of the post-fault
voltages. Then, initial post-fault positive sequence voltages are cal-
culated using the equations to follow:

LL fault
Zik
Vo=1-— =2 3
H Z(Zk,k) ( )
LG fault
Zi k
V=1 (4)
t Az k) +2  + 32
LLG fault
o=1- Zik (5)
” Zi i+ (k)2 + 320))/ (2 k + 27+ 32¢))
LLL fault
g Ak
iy =1 Zk k (6)
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Fig. 2. Connections of positive, negative and zero impedances diagram.

where, vL - Post-fault positive sequence voltage at bus r;

Zy — diagonal elements of the bus impedance matrix (positive
sequence); Z,?'k - diagonal elements of the of the bus impedance
matrix (zero sequence); Z;, — off-diagonal elements of the bus
impedance matrix; Zg - fault impedance.

Before building the IMI, the power distribution system must be
reduced by accumulating of positive sequence impedances in the
main feeder and also in the secondary branches. Hence, this process
is denominated reduced system and, is made as follows: Firstly, the
accumulation process of positive sequence impedances occurs from
the substation to the fault which consists in three other steps:

First step: Accumulation of positive sequence impedance
between the substation and the first node where it locates a PV
generation;

Second step: Accumulation of positive sequence impedance
between the first node and the second node where it locates a PV
generation. Similarly, this step is carried out until the last node
before the fault, where it locates a PV generation;

Third step: Accumulation of positive sequence impedance
between the last node where it locates a PV generation before the
fault and the faulted node.

Afterwards, the accumulation of positive sequence impedances
occurs as follows: from the faulted node until the last node after
the faulted node. This process has two other steps:

Fourth step: Accumulation of positive sequence impedance
between the faulted node and the first node where it locates a PV
generation;

Fifth step: Accumulation of positive sequence impedance
between the first node and the second node where it locates a PV
generation. Similarly, this step is carried out until the last node after
the fault.

Finally, it accumulates the positive sequence impedance
between each node where there is a PV generation and the main
feeder.

The IMI and ICV are obtained by using Kirchhoff's voltage law
and getting the mesh equations. From these equations, simple rules
are formulated to form this matrix and this vector by inspection.

The diagram in Fig. 2 illustrates how the positive, negative and
zero sequence circuits are connected to the mesh equations in order
to be written. In this diagram there are N + M generation PV, where
N is the number of the generation PV before the fault and M is the
number of the generation PV after the fault.

In Fig. 2 the positive sequence impedances, the positive
sequence voltages and the positive sequence currents that have
subscripts in uppercase letters, indicate the voltages, currents
and impedances that appear from the substation to the fault
point. Moreover, the positive sequence impedances, the positive
sequence voltages and the positive sequence currents that have
subscripts with lowercase letters, indicate the voltages, currents
and impedances of the circuit that turn up on the other side of the
fault point (right part of Fig. 2).

The equivalent impedance (Zgq) is the association of the neg-
ative sequence impedance (Z_) and zero sequence impedance Z,
which value depends on the type of fault. E.g.:

LL fault
The zero sequence network is open. Thus:
Zpg =Z- (7)

LG fault
This implies that the sequence networks must be connected in
series. Therefore:

Zgg =(Z-)+(Zo) (8)

LLG fault
The negative sequence network is in parallel with the zero
sequence network. Then:

_ (Z-)(Zo)
20 = 734 @) ®
LLL fault

The currents are balanced and only the positive sequence net-
work is operating. Therefore:

Zgg =0 (10)

The rules for forming the IMI and ICV are applied to the reduced
system and they are the following:

A. IMI

Al. The diagonal elements (index ii):

(A11) Element with index 11 - Sum of the impedances of the

main feeder from the substation to the fault, with opposite

sign.

(A12) Element with index 22 - always null.

(A13) Other elements with indices ii: If the branch connected

to node j=i—1 has a PV generation, then the element will

have an unit value. However, if the branch connected to node
j=1—1 has no PV generation, then the element will be null.

A2. Off-diagonal elements (index ij):

(A21) Element with index 12 is equal —1.
(A22) Element with index 21: Sum of the impedances of the
main feeder from the substation to the fault added to the
equivalent impedance, with opposite sign.
(A23) Other elements with indices i1: (f1) PV generation
sources before the fault: Sum of the impedances of the main
feeder, after its respective generation PV, from the substation
to the fault added to the equivalent impedance, with oppo-
site sign; (f2) PV generation sources after the fault: Equivalent
impedance with opposite sign.

(A24) Other elements with indices ij: null.

B. ICV

B1.Element 11: —1 + Xpy pefore (impedances of the main feeder
from the generation source i to the fault) x generation source
current i].

B2. Element 21: —1+ Xpy pefore(impedances of the main
feeder from the generation source i to the fault+equivalent
impedance) x generation source current i] + Xpy Jfer(€quivalent
impedance) x generation source current kJ.

B3. Elements 3 ... (3+N-1), 1 (they are related with
power generation PV before the fault)) where N is the

number of the generation PV before the fault: (Sum
of the impedances from generation source i to the
fault+equivalent impedance) x generation source current

i+ Xpy pefore(impedances of the main feeder from the genera-
tion source j to the fault+equivalent impedance) x generation
source currentj] + Xpy afeer (€quivalent impedance) x generation
source current kJ.

B4. Elements N+2 ... (M+N), 1 (they are related with power
generation PV after the fault), where M is the number of the
generation PV after the fault. The calculation of the elements is
done in a similar way as in the (B3) item.
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Form the classical impedance matrices

U

Calculate initial post-fault
positive sequence voltages

L

‘ Accumulate positive sequence impedances

J

Form the IMI
and the ICV

U

/ ‘ Calculate lipost-fault(+) | ‘
Iter=lter+1 UJ

llpost-fault(+) I<=llmax-inverter |
No

Ipost-fault(+)=lIpost-fault(+) I* Ipost-fault(+)=llmax-inverter I*
(cos@+jsin@) (cos@+sin@)

Pcalculated - PO<=Tol
or lter>ltermax

—

No
‘Solve the linear system

Calculate fault currents

Print results

Fig. 3. Basic flowchart of the proposed method.

where: Xpy pefore 1S @ Sum related with power generation PV
before of the fault; Xpy sfer iS @ sum related with power gener-
ation PV after of the fault.

Take for example, a distribution system which considers three
generations PV of the substation side and three generations PV
after the fault point. In this example, the line diagram is the same
as in Fig. 2 by removing the dashed lines. The mesh equations
allow to write the following linear system of equations:

The IMI and the ICV are used to solve a linear system of equa-
tions where the following post-fault variables are: current in
substation, the voltage at the fault point and voltages in the PV
grid-connected nodes.
Fig. 3 presents the basic flowchart of the proposed method.
The calculated active power is given by Eq. (11).

Pcalculated = 3~Vpost—fault(+)-Igost_fault(+)~sbase (1 )

In basic flowchart PO is the specified active power for PV gener-
ation (MW).

[ —(Za +2Zg + Zc + Zp) -1 0 0000 07 ThH T [ —1+(Zg + Zc + Zp)lpy + (Zc + Zp)lpv1 + (Zp)Ipv2 7
—(Za+Zp+Zc+Zp+Zp) 0O 0 0 0 O O O Vi =1+ (Zp+Zc + Zp + Zgo )Ipv + (Zc + Zp + Zeq)lpv1 + (Zp + Ze )pv2 + Zeq (Ipy + Ipu1 + Ipi2)
—(Zs +Zc +Zp + Zxq) 0 100000 Vpy (Zpv +Zp +Zc +Zp + Zeg)lpv + (Zc + Zp + Zeg)lpvi + (Zp + Ze)Ipv2 + Ze (Ipy + Ipvt + Ipi2)
—(Zc+2Zp +Zkg) 0 01000O00O0 Vb1 (Zc +Zp + Zeg)lpv + (Zpvi + Zc + Zp + Zeg)lpv1 + (Zp + Ze )Ipva + Zeq (Ipy + Ipvt + Ipi2)

—(Zp + Zgq) 0 0010O00O0 Vev2 N (Zp + Zg))Ipv + (Zp + Ze )Ipv1 + (Zpva + Zp + Zeg )Ipv2 + Zeq (Ipy + It + Ipv2)

—Zko 0 00O0OT1O0O Viw (Za + Zpv + Zv + Ze)lpw + (Zb + Zc + Zg )t + (Zc + Ze w2 + Zeq (Ipv + Ipva + Ipv2)

—Zrq 0 000O0T1O Vi (Zb + Zc + Ze)Mpw + (Zp + Zc + Zrq + Zpw1 lpnt + (Zc + Zeg M2 + Zeq (Ipv + Ipv1 + Ipv2)

~Zgo 0 000O0O0 T4 LVu | L (Ze + Ze)lpw + (Ze + Ze)lp1 + (Ze + Zeq + Zpi2 lpv2 + ZeqUpv + Ipv1 + Ipv2) _

e )

1
Oa
Fig. 4. Small distribution system.

According to Fig. 2, the calculated fault current is given by Eq.
(8).

I =11 +Ipy +Ipy1 +1Ipva + - + Ipo + Ipy1 + Ipy (12)

C. Simulation of a small system
In this particular item, we will give a numerical example to
illustrate the IMICV fault analysis method.

Consider the distribution system shown in Fig. 4. The
three-phase short-circuit power and single-phase short-circuit
power of the bus 1 are respectively: 4808/—-80°MVA and
4109/—-80°MVA. The two transformers are delta-grounded
wye and their data are: T23-138/11.95kV-15MVA —8.68%.
T45 —-11.95/0.22 kV-500 kVA — 5%. The data distribu-
tion lines are: L12:  Zpgitve =0.1902 +j0.4808 ohms/km,
Zzero =0.4414+j1.7452 ohms/km,  distribution line length=
10 km, L34: Zpositive =0.1903 + 0, 3922 ohms/km,
Zzero =0.4359 +j1.8540 ohms/km, distribution line length =0.8 km.
Fault phase-earth occurs on bus 3 (Phase A), calculate: (1) The fault
current, (2) The current contribution of the PV generator.

The injected power of the PV generator is 500 kW. The distribu-
tion system base is 100 MVA.

The calculations follow the basic flowchart. The nomenclature
is the same as in Fig. 2.

1. Calculation of impedance matrix elements (pu)

Z33positive = 0.0136 + 0.6244i
Z53 positive = 0.0136 + 0.6244i

Z33zer0 = 0.0+ 0.5787i
Z53zer0 = 0.0+ 0.0i

2. Calculation of the initial post-fault positive sequence voltage

(pu).
According to Eq. (4):

Zs53
2(Z33) +Z§’3 +3(0)

v3p=1- =0.98042 - 0.1988°
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3. Accumulation of positive sequence impedances

Zp =0.0136 + 0.6244i
Zq =0.1066 + 10.2197i

4. IMI and ICV calculation

—0.1202 — 10.8441i

IMI = | —0.2404-31.6882i 0 O
—0.2268 —31.0638i 0 1
—0.9995 + 0.0776i

ICV = | —0.9991 + 0.2359i

0.0009 + 0.2359i

5. Iterative process
Tolerance =0.00001 pu
Convergence iteration numbers =3

Ir = 0.0316£ — 89.3829° pu
Iy = 0.00512 - 0.1988" pu

4. Validating the proposed method

Fault currents calculation is a key factor in determining the tap
settings of the protection relays for many practical applications.

The commercial software Simultaneous Fault Analysis
(ANAFAS), developed by the Electric Energy Researches Cen-
ter (CEPEL) - Brazil, was used just for verification of the fault
currents calculation.

This study was performed on the regional distribution system
that consists of a three-phase radial distribution feeder with urban
and rural branches. The test feeder used was called LOC-36 and its
data are stated in Appendix. This feeder is located in the distribu-
tion system of the Energy Company of Ceara - Brazil. LOC-36 has
36 buses, 35 branches and its three-phase short-circuit power is
505.59/59.10° MVA. The transformer substation is delta-grounded

A 8T

19 18 17 16 15

090m  0.90
e Ty

o] o o T

123

wye and their data are: 69/13.8kV - 6% in the system base. The 10m 2m
single-line diagram of the feeder LOC-36 is showed in Fig. 5.
The simulated solar plants were based on photovoltaic panels
SX 120U model (manufacturer solar PB).
The integration of PV generation units are given as follows: 330
units of generator PV were installed in bus 4; 110 units of gen-
erator PV were installed in bus 13 and 990 units of generator PV TR RS
were installed in bus 19, totaling respectively, 0.957 MW (PF=1), RURAL URBAN
0.319MW (PF=1) and 2.817 MW (PF=0.92 inductive) of rated
power. The computer used in these simulations, is a DELL computer Fig. 6. Overhead line spacings.
with Intel(R) Core(TM)i7-3632QM CPU @ 2.20 GHz, Memory (RAM)
Table 1
Fault current results - bus 23.
Fault type Phase current absolute value ANAFAS (pu) Phase current absolute value IMICV (pu)
Ia Ig Ic Ia Ig Ic
LG A 0.590 0 0 0.5915 0 0
LGB 0 0.590 0 0 0.5915 0
LG C 0 0 0.590 0 0 0.5915
LLAB 0.811 0.811 0 0.8166 0.8166 0
LLBC 0 0.811 0.811 0 0.8166 0.8166
LLAC 0.811 0 0.811 0.8166 0 0.8166
LLG AB 0.772 0.901 0 0.7764 0.9076 0
LLG BC 0 0.772 0.901 0 0.7764 0.9076
LLG AC 0.901 0 0.772 0.9076 0 0.7764
LLL 0.945 0.945 0.945 0.9513 0.9513 0.9513
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Table 2
Fault currents percent errors.

Fault type Abs (error) (%)
LG 0.25
LL 0.69
LLG 0.57 and 0.73
LLL 0.67

Table 3

Fault currents of the PV generations.

PV current absolute
value (pu) IMICV

PV current absolute
value (pu) ANAFAS

Fault type - bus

LG-4 0.010 0.0100
LG-13 0.003 0.0034
LG-19 0.034 0.0337
LL-4 0.011 0.0109
LL-13 0.004 0.0040
LL-19 0.039 0.0393
LLG -4 0.011 0.0111
LLG-13 0.004 0.0042
LLG - 19 0.041 0.0411
LLL - 4 0.013 0.0128
LLL-13 0.005 0.0055
LLL-19 0.055 0.0547
Table 4

Number of iterations for IMICV convergence and CPU time.

Fault type Iterations number Total execution time (s)
LG 4 0.0049
LL 4 0.0048
LLG 5 0.0060
LLL 4 0.0049

8 GB and 64-bits OS. The IMICV fault analysis method was written in
MATLAB code. Afterwards, the results obtained from ANAFAS and
IMICV were compared.

Table 1 shows a comparison of the fault currents on bus 23 of
the feeder LOC-36 in both programs described above. Table 2 shows
the percent errors obtained, respectively, with ANAFAS and with
the IMICV.

According to Tables 1 and 2 the results from IMICV and the
results from ANAFAS can be seen to be much closer. The largest
error is 0.73%.

Table 3 illustrates the results of the fault currents of the PV
generations located on buses 4, 13 and 19. The results of ANAFAS
software report only three decimal digits. One understands then
that the results from IMICV and the results from ANAFAS also can
be seen to be much closer. Therefore, the IMICV proposed method
can be considered as validated.

Table 4 presents the convergence iteration numbers for IMICV
and total execution time. Here, the value of the specified toler-
ance was 0.00001 pu. Furthermore, the largest iteration number
occurred for LLG. Nevertheless, the number of iterations for conver-
gence made by ANAFAS is not accessible in its results file. Finally,
the total execution time of the IMICV shows that this tool is appro-
priate for the electric power industry real-time fault analysis.

5. Conclusion

A novel IMICV fault analysis method is developed in this paper.
The proposed method can be used to simulate radial distribution
system with multiple PV grid-connected inverters and, also for
real-time fault analysis. The numerical results were compared
with results of the professional software ANAFAS and the proposed
method was validated. Computer simulations show that the

proposed method is efficient, accurate and easy to program.
Therefore, the new method can be a useful tool for the electric
power industry.

Appendix.
Data from the feeder LOC-36 are shown below.

CONDUCTOR DATA and LENGTH OF THE DISTRIBUTION LINES.

Size/stranding/material From To  Linelength  R(2/mile) GMR
feet feet

266,800/26/7//ACSR 1 2 197 0.385 0.0217
266,800/26/7//ACSR 2 3 656 0.385 0.0217
4/ 3 4 3083 2.57 0.00437
6/1

JACSR

266,800/26/7//ACSR 3 5 2230 0.385 0.0217
266,800/26/7//ACSR 5 6 525 0.385 0.0217
1/0 6 7 3149 1.12 0.00446
ACSR

4/ 7 8 5871 2.57 0.00437
6/1

JACSR

4/ 8 9 1476 2.57 0.00437
6/1

JACSR

4/ 8 10 2624 2.57 0.00437
6/1

JACSR

4/ 10 11 1148 2.57 0.00437
6/1

JACSR

4/ 10 12 2788 2.57 0.00437
6/1

JACSR

4/ 12 13 2427 2.57 0.00437
6/1

JACSR

266,800/26/7//ACSR 6 14 164 0.385 0.0217
1/0 14 15 426 1.12 0.00446
ACSR

1/0 15 16 1148 1.12 0.00446
ACSR

1/0 16 17 492 1.12 0.00446
ACSR

1/0 17 18 262 1.12 0.00446
ACSR

1/0 18 19 230 1.12 0.00446
ACSR

266,800/26/7//ACSR 14 20 1640 0.385 0.0217
95/ 20 21 7675 0.356 0.01506
COPPER

1/0 20 22 2493 1.12 0.00446
ACSR

1/0 22 23 886 1.12 0.00446
ACSR

1/0 23 24 394 1.12 0.00446
ACSR

4/ 24 25 2624 2.57 0.00437
6/1

JACSR

4/ 25 26 754 2.57 0.00437
6/1

JACSR

25/ 24 27 3542 1,429 0.00794
AA

25/ 27 28 5904 1,429 0.00794
AA

25/ 28 29 394 1,429 0.00794
AA

25/ 29 30 853 1,429 0.00794
AA

25/ 30 31 3608 1,429 0.00794
AA

25/ 31 32 3018 1,429 0.00794
AA
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Appendix (Continued )
Size/stranding/material From To  Linelength R (S2/mile) GMR
feet feet

25/ 32 33 3772 1,429 0.00794
AA

25/ 33 34 787 1,429 0.00794
AA

25/ 34 35 2952 1,429 0.00794
AA

25/ 35 36 2296 1,429 0.00794
AA

Fig. 6 shows the spacing distances among phase conductors used
for overhead distribution lines.
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