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ABSTRACT

COST EFFECTIVE HARMONIC SUPPRESSION IN

AC POWER SYSTEMS

Ragaie Abu-Hashim
Master of Science in Engineering

Youngstown State University, 1991

The aim of this paper is three parts: First, develop a
workable model for specific devices which are known to inject
harmonics into power distribution systems. Second, combine
this model with the distribution system elements and solve
the resulting network to yield harmonic voltages. Third,
describe the experimental results for a method of harmonic
current reduction thyristor converters. The principle of this
method is to modify the current waveforms on the ac windings
of the converter transformer by filtering harmonic currents
at a particular frequency. In practice, filtering the fifth
harmonic current of the power frequency is the most
efficient. Experimental results prove that the method is
effective in reducing the alternating-current harmonics, and

it is applicable to any type of thyristor converters.
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Chapter I

INTRODUCTION

.1 Background and Objective

Harmonics circulating in electric power systems has

gained importance in recent years because of the high levels

of harmonic voltages found on distribution systems. Today's

power system harmonic problems may be traced, in general, to

a number of factors. These factors include:

I.

The drastic increase in the use of nonlinear loads
made possible by new technologies. Silicon-
controlled rectifiers (SCRs), power transistors, and
microprocessors are the most important single
parameter for the vast increase in power harmonics.
These load-generated harmonics have created -for the
first time- a new situation where harmonics are
generated, propagated, and injected in every line
and feeder on the system. Furthermore, the future
availability, economics, and expanding use of the
solid state devices in all consumer, industrial, and
commercial electric equipment, promise a drastic
change in the characteristics and the nature of
utility loads in the 1990s. This will necessitate a
critical examination by utilities at the new loads
and their impact on the power system and other

consumers.



II.

To a lesser extent--but of importance--is the fact that
a drastic change in the design philosophy of all power
equipment and load equipment has taken place. In the
past, manufacturers tended towards underrating or
overdesigning most equipment. Now, in order to be
competitive, power devices and equipment must be
critically designed. 1In the case of iron core devices,
this means that the operating points are located into
the more nonlinear region, resulting in a sharp

rise in harmonics.

For more than fifty years, harmonics have been reported

to cause operational problems. Some of the major known

effects are summarized as follows:

1.

Capacitor bank overloading. Dielectric stress is
proportional to the crest voltage, which may be either
raised or lowered by harmonic voltages. Total reactive
power, including fundamental and harmonics, should not
exceed the rated reactive power of the capacitor.
Interference with ripple control and power line carrier
systems is a possible result of harmonics on the system.
Ripple systems, using audio frequency tones, and

carrier systems, employing carrier frequencies in the 5-
50 kHz range, serve as communication lines to accomplish
remote switching, load control, and metering.

Harmonics and high frequency noise could produce
interference to yield undesirable operation,

Misoperation, or restraint of equipment or equipment



controls.

Harmonic currents in induction and synchronous machines
cause additional heating losses of these machines. These
effects are, for the most part, attributable to
harmonics of lower order , reduce the torque available
at rated speed from the motors and cause parasitic
torques at lower speeds that can prevent a motor that is
peing started from attaining full speed.
overvoltages and excessive currents on the system may be
due to resonance of harmonics on the network. These
resonances occur as the result of many different
possibilities. Capacitor bank-caused resonance and
transmission line length to wave length matching are
only two of the more common possibilities.

Dielectric instability of insulated cables is a direct
result of overvoltages on the system mentioned earlier.
Inductive interference with telecommunication systems
refers to the coupling effect between the harmonic
frequencies and communication lines. The effect
depends mainly on the method of coupling, but a
harmonic increase will probably have a detrimental
effect.

Errors in induction kilowatt-hour meters due to
harmonics result from the measurement of a distorted
Wave shape by devices built to measure the average
Values of near-perfect wave shapes.

The existence of harmonics in the transmission and



distribution systems will certainly increase the chances
for signal interference and relay malfunction,

particularly solid state and microprocessor controlled

systems.

9. Recently, power system harmonics are being considered as
the major cause of excitation control problems that
preceded a generator failure.

10. Harmonics interference with large motor controllers have

been reported to cause major problems for the motors, as

well as the uniformity of the motors output.

These effects depend, of course, on the harmonic source,
its location on the power system, and the network
characteristics that promote propagation of harmonics.

Since there are numerous sources of harmonics, some of
which produce resonance with the network impedance at certain
frequencies, e.g., capacitor banks, rotating machines,
voltage controllers, etc., and some of which generate such
harmonics, e.g., ac/dc converters, static compensaters, motor
control devices, étc. Consequently, there is a need to
Predict the magnitudes of these harmonics and to calculate
the network impedance at those harmonic frequencies,
€Specially the lower harmonic frequencies must be calculated,
Since the most damaging frequencies to power devices and
Machines appear to be the lower frequency range, i.e. below

4.2 XHZ (70th harmonic) .



1.2 overview

This research is divided into three parts in order to

discuss harmonic distributions in a system network produced

by th

e line-commutated power converters and techniques for

controlling the harmonic associated with them at the least

cost:

Develop a workable model for specific devices which
are known to inject harmonics into the power
distribution systems, in this case the line-commutated
ac/dc converter (Chapter 2)

Develop a distribution system model (i.e., 5 bus
network)

and then combine it with the model of part #1, and the
resulting network is solved to yield harmonic voltages
(Chapter 3)

Develop cost effective techniques for controlling and
suppressing the harmonic interference in the power

distribution network (Chapter 4).



Chapter II

DEVELOP A WORKABLE MODEL FOR HARMONIC CURRENT INJECTING

DEVICES.

2.1 Introduction

The ac/dc converters are the main sources of harmonic
current at the present time.

There are two basic types of large-capacity static power
converters, self-commutated and line-commutated converters
that are widely used in industry.

self-commutated converters differ from line-commutated
in that they incorporate their own means for commutation,
i.e., they commutate independently of the line voltage.

Line-commutated converters use the converter's ac
supply as the commutating voltage. These converters can be
conveniently grouped into the following three broad types:

(i) large power converters such as those used in metal
reduction industry and high voltage dc transmission; (ii)
medium size converters such as those used in the
manufacturing industry for motor control and also in railway
applications; (iii) low power rectification from single
Phase supplies such as television sets and battery chargers.

The converters in group (i) will be used in this
Teésearch as the harmonic source for the derivation of the
Characteristic harmonics injected into the system, since they

are the closest to the ideal.



2 Line-commutated ac/dc power converters
2.

Line-commutated converters use the converter's ac supply
as a commutating voltage. The standard (HVDC) converter
is the 3-phase full wave bridge using six controlled
(thyristor) valves, as shown in Fig. 2.1. This is known as a
g-pulse converter group or bridge, because there are six
yalve firing pulses and six pulses per power frequency cycle

in the output at the dc terminals.

Ld
id
o S +§m
————<E§F rTzz ia
O '
@m ic
f‘} *6 *2

id
Fig. 2.1 A six-pulse line commutated converter

In a 6-pulse bridge circuit Fig. 2.1, the valves 1, 3
and 5 commutate the outgoing direct current Id between
themselves, while the valves 2, 4 and 6 commutate the
incoming direct current Id; the two 3-pulse conversion
Processes form the 6-pulse bridge conversion. For clarity
Fig. 2.2 is drawn for one half of the 6-pulse bridge,

1.e., the commutations between valves 1, 3 and 5 only are

Shown,



Fig. 2.2 Rectifier operation

Harmonics produced by line-commutated converters are
related to the pulse number (the number of cycles of ripple
in the direct voltage per cycle of the alternating voltage)
of the device.

The ac side harmonics are

h=np + 1

Harmonic order

Any integer (1,2,3,4,.«c... )

Pulse number of converter (in our case P=6)
Fundamental current

Hwo o
o

See Appendix C



2.3 predicting the overlap angle

Two other factors determine the harmonic magnitudes in
addition to the pulse number and the fundamental current.
They are the delay angle (control angle) and the commutation
angle (overlap angle).

The delay angle, which is denoted by (@), corresponds to
a time delay for the firing of the valve, which is always
given.

The overlap angle is the amount of time it takes to
transfer current from one conducting element to another.

The ideal no-load dc voltage is (3)

VdO = (3]6/”) Vln

= (3/2/”) Vll (2.1)
Vgo = Ideal no-load direct voltage
Vi; = line-to-line voltage
Vin = line-to-neutral voltage

For a delay angle (a) the average voltage V4 is found by
integrating the instantaneous voltages over such a period
with both limits of integration simply increased by «a

Vg = (VdO/ T) I « COS(¢ + 30) do¢
a - 60

Vgo [SIN(a + 30°) - SIN(a - 30°)]
= Vgo (2 SIN(30°)) COS(a)
Vg = Vg0 COS(a) (2.2)
With the overlap, the dc voltage drop due to overlap

4 V4 and their direct voltage will be: (Kimbark)



Vd = VdO COS (a) - 6 Vd
= Vdo COoSs (a) - Vdo/2 [COS (a)
-COS(a - u)]

Vq = Vgo [COS (a) + COS (a + u)] / 2 (2.3)

Assuming a purely inductive commutation circuit, the

commutating current is defined by:

Ic = (Vy3//2wL) (COS(a) - COS (wt)) (2.4)

when wL is the reactance per phase of the commutation

circuit from the transformer leakage reactance at the end of

the commutation. Ic = I4 and wt = pu
Eq. (2.4) becomes:

Ig = (Vy1//2wL) (COS (a) - COS (a + u)) (2.5)
2.4 Derivation of the overlap angle.

The most severe situation of harmonic generation exists
when ¢ = 0 and output dc power which is given by P = Valg is
maximum.

From Eq.(2.3), the dc voltage will be:

Vd = VdO (1 + COS (un))/2

(3/2/2m) (1 + COS (n)) Vi1 (2.6)

and the dc current will be:
Ig = (Vy1//2wL) (1 - COS(u)) (2.7)
Since Vq and I4 are functions of the overlap angle (u),
r Computational algorithm based on equations (2.6) and (2.7)

10



r

determine the overlap angle "u" is developed as follows:
to

et p = 60° (Since 60° is max overlap)

st by
2) goméﬁte vd and Id using equations (2.6) and (2.7)

g 1f Vg Iq 2 Pgr 9° to step 2

g; Using steps 2 to 4 determine u to any degree of accuracy

required such that VglIg= Pg

A digital computer program in Fortran language was
written and executed shown in Appendix (D) to determine
the overlap angle u.

Line commutated power converters are represented as
harmonic current sources at their characteristic frequencies.

The rms value of each characteristic harmonic current

can be computed from the following relationships
Ih =/6 Ig F(u,a)/{rh[COS(a) - COS(a + u)) (2.8)

using Equation (2.5) the harmonic current can be solved in

terms of the line voltage.

Ih = (/3 V93 F (4,a))/(7wLh) (2.9)

where:

F(p,@) = /{(SIN[(h-1)p/2]/h-1)? + (SIN[(h-1)p/2]/h+1)*
- 2 * (SIN[(h-1)u/2]/h-1) * (SIN[ (h+1)u/2/h+1])
* COS (2 a + p))

V11 = Line-to-Line voltage at the ac bus of the converter
v WL = Equivalent short circuit reactance
(k,@) = overlap function
I3 = dc current
U = Overlap angle
aQa =

Firing angle (Kimbark)

11



Chapter III

DEVELOP A DISTRIBUTION SYSTEM MODEL

3.1 Tntroduction

In order to study the harmonic powerflow in a power
system, the first step is to establish the appropriate

mathematical models for all of the power system components.
among the harmonic producing components, special attention
js paid to the line commutated controlled rectifier load
which is discussed in great detail in Chapter 2. Standard
representations are used for other power system components.
Transmission lines are represented by single phase equivalent
¢ models. These are discussed in greater detail in sections
3.2 and 3.3.

The system which is selected for this study is a small

test system with a single large harmonic source. It is

assumed to be a completely symmetrical, balanced system.
3.2 Assembling the impedance matrix

Several well known algorithms are in use today to
assemble an impedance matrix of a known systemn.

The impedance matrix of a power system changes for each
frequency: that is, it will vary directly or inversely with
frequency depending on the element, e.g., the transmission

lines impedance is:

) .

1/2nfC = 1.779/f * 10 1n D/r Q (3.1)
7

Xy, = 2nfL = 47£/10 * 1n Dm/Ds 9] (3.2)

Xc

12



1t is necessary to assemble an impedance matrix for

ch harmonic frequency present. A sample system is
ea

pown in Fig. 3.1, and its harmonic equivalent circuit shown
sho

in Fig 3.2. The 5th and 7th m-equivalent impedance matrix is
n A

calculated in Appendix (A).

Logd Logd
§0.2 0.04 j0.06 0.02
@,_w AW ——MA—
-j55 — -j100 —
gource J sm—— J

Fig. 3.1 Example distribution system. All impedance
values in per unit at 60 Hz to a 100 MVA base

jho.2 0.05 jh0.06 0.02

U YW Uds— VWA~

o

R g-jss/r_xj_ -j100/h_[R

load — load

— —

Z (h)

Fig. 3.2 Harmonic equivalent circuit of the system
shown in Fig. 3.1. Loads represented by a
resistance. h = per unit frequency with
h = 1 corresponding to 60 Hz

13



4

3 calculating the values of the bus voltages
3.

A 5-bus system is assembled with two generating units
ted at bus 1 and bus 2, and a 45 MW ac/dc converter

connec
onnected at bus 4. A one line diagram of the system is
c

The values of the bus voltages are calculated using

the Gauss-Seidel method as shown in Appendix (E).
3.4 prediction of Harmonic currents in the system

The magnitude of the harmonic currents generated and the
impedance matrices for the various frequencies present are
obtainable from the system and the converter data which is
normally known or calculated.

Oonce the generated harmonic currents are calculated,
and using equation (2.9), the bus harmonic voltages are

calculated from
=3
[Vbus] = [Ybus] * [Ibus] (3.3)

The harmonic voltage values for each bus are calculated
in Appendix (E) . For these harmonics, the reference nodes
for the voltage are at ground potential.

Knowing the harmonic voltages at every node, it is

Possible to determine the harmonic current flow in any link.

Iik = (Vj-Vk)/2Zjk (3.4)
I3k = Harmonic current flowing through the link between
V- nodes j a k
JéYk = Harmonic voltages between nodes j and k
Jk = Impedance of the link between nodes j and k

14



8=15+3j5 T

2

§=0.0+30.0
- -
slak bus .
2=0.020+3j0.040

Y/2=30.02

2=0.08+30.2

Y/2=30.02
Spase =100MVA

Vilbase =138KV

2=0.15+3j0.399

7=0.04+3j0.2
Y/2=j0.018

S=35

Y/2 =30.022

Z=0.02+ j0.04

Z=0.02+3j0.06
Y/2 =j0.01

Y/2 =j0.012

l

5=60+J10

+j34

8=45+3j0.0

Fig 3.3 one Line Diagram of 5-bus tested system
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Chapter IV

DEVELOP COST EFFECTIVE TECHNIQUES FOR CONTROLLING AND
SUPPRESSING THE HARMONIC

4.1 tntroduction

Depending on the circumstances, harmonic control
techniques may be required at certain harmonic sources.

If the source of the harmonic is a large power converter
in the Megawatt power rating range, controlling the harmonic
at the power converter appears to be essential.

The two principal methods used for harmonic suppression
at converter installations are harmonic cancellation and
harmonic filtering. These are discussed in greater detail in
sections 4.2 and 4.3. There are several other harmonic

control methods, e.g., current injection, active filters,

etc...
4.2 Harmonic cancellation

Harmonic cancellation uses the utility's transformer to
Sum the outputs of multiple-phase-shifted converter-bridge
outputs to cancel certain characteristic harmonic pairs.
This method of reducing the harmonic is very effective as
long as all ScRr's are conducting, but it requires complicated
transformer connections.

Figure (4.1) illustrates a line-commutated converter
SYstem using harmonic cancellation to obtain effective 12-

Pulse operation.

16
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Fig. 4.1 Twelve-pulse converter configuration

The twelve-pulse configurations consist of two six-pulse
groups fed from two sets of three-phase transformers in
Parallel with their fundamental voltage equal and phase-
shifted by 30°.

To maintain 12-pulse operation, the two six-pulse groups
MUSt operate with the same control angle (a), and therefore,
the fundamental frequency currents on the ac side of the two
transformers are in phase with one another.

The resultant ac current is given by the sum of the two
fourjer series of the wye-wye (eq.C-18) and the wye-delta
(6q.c-19) transforms of Appendix (C).

17



1al =(2/3/m)Iq [COS(wt) - (1/5)COS(5wt)

+(1/7)COS (7wt) -(1/11)COS(11lwt) + .... ] (4.1)

1a2 =(2/3/m)Ig [COS(Wt) + (1/5)COS (5wt)

—(1/7) COS(7wt) = (1/11)COS(1lwt) + ...] (4.2)
therefore

Ia3 = 2(2/3/m) Ig [COS(wt) - (1/11)COS(1lwt)

+(1/13)COS (13wt) = (1/23)COS(23wt)... ] (4.3)
where Ial =wye-wye transformers ac harmonic‘current phase a

Ia2 =wye-delta transformers ac harmonic current phase a
Ia3 =the sum of Ial and Ia2

The Ia3 series only contains harmonics of order 12n #+ 1.
The harmonic currents of order én + 1 (n is odd) ie. n = 1,
2, 3, 4, ... etc., circulate between the two converter
transformers but do not penetrate the ac network.

The addition of further appropriately shifted
transformers in parallel provides the basis for increasing
pulse configurations. For instance 24-pulse is achieved by
means of four transformers with 15 phase shifts.

However, most experts on HVDC transmission feel that

it is more economical to use a 12-pulse converter with
filters than to use a converter of higher pulse number with
the resultant reduction in filters. (Heydt & Grady)
This is because losses will increase due to the circulating
Current in the delta transformer current, and the transformer
Connections required will be more complex than those for 12-
Pulse converters.

Therefore, the emphasis in the rest of this chapter will

be : ; :
to fing adequate cost effective harmonic filters.

18



r

4.3 Filtering

The converter, rectifier or inverter, draws reactive
wer Q from the ac system. The rectifier is said to take
po

1agging current from the ac system, and the inverter is said
a

to either take lagging current or to deliver leading current
to the ac system. Therefore, the ac harmonic filters are
designed to serve two purposes: 1) to reduce harmonic
voltages and currents, 2) to provide all or part of the
reactive power consumed by the converter.

The dc harmonic filters serve only to reduce harmonic

voltage on the dc line.
4.4 AC Filter Design

The ac filters in each phase usually comprise:
1) Tuned Filters (Low Passband Filters)

a) Single tuned
b) Double tuned

These filters are sharply tuned to one or two of the
lower harmonics (e.g., 3, 5, 7, 9)
2) Damped Filters (High Passband Filters)

a) First order

b) Second order

C) Third order

d) c-type

They provide low impedance for a wide number of
high harmonics (e.g. 17th, 19th, ... and higher).

3) Switchable shunt capacitors.

19



5 assumptions for the designing of filters
4.

1n order to design a filter, these data have to be taken

into consideration:

) For the converter:

a) Pulse numbers (P)

p) Number of poles and bridges

c) Ig and Vg4

d) Converter angles (a, §, U)

e) Modes of abnormal operation (one or more bridges out
of service)

2) For the ac network:

a) Unbalance of ac voltage

b) Power frequency and its variations

c) Impedance at harmonic conditions

d) Requirement on maximum reactive power that can be
supplied or absorbed by the network

e) Preexisting harmonic levels

3) Criteria adopted for adequate filtering:
a) Maximum voltage of an individual harmonic

b) To meet the IEEE standard 519-1981 for the voltage
harmonic factor HFy, expressed as:

N\H

HFy = [(V3)2+ (V5)2+ (V7)2+ (V9)?...] / V1 (4.4)

and the current harmonic factor HFy expressed as
1

]

HFy = [(I3)%*+ (IS)* + (I7)%+ (I9)%..«] / Il (4.5)
Where

rated fundamental voltage

<
—~
w
-

)]

~
~

o

rms voltages of (3rd,5th,7th ...)
harmonic
I1 = rated fundamental current
I(3,5,7....) = harmonic current of the

(3rd,5th,7th....) order (Gonen)

4.6 Minimum cost for single tuned filter

Shunt harmonic filters connected to the converter ac
by " y
Sbars provide a low impedance into which most of the

20



S ymonic currents are diverted. Shunt filters also generate
;Jctive power at fundamental frequency providing some or all
; reactive power by the converters.
The most direct method of achieving a low impedance at a

.ven frequency is by means of a tuned filter as shown in

3
_é_ .

Fig. 4.2 Single-tuned shunt filter

The most damaging frequencies to power devices and
achines appear to be in the range-below 5 KHZ-frequency.
nsideration is given to the design of a single-tuned

lter which is a series RLC circuit Fig. 4.2, tuned to the

€quency of one low characteristic harmonic impedance

by
Zf = R + j(WL - 1/wC)
Zf = R + (X1 - Xc 4.6
which 3 ( ) (4.6)
X = 1/wC = wL
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reactance,

e x .
inere capacitance,F

o

c
L inductance,H
,Qerefore
Xl = wL (4.7)
Xc = 1/wC (4.8)
.re X1 = fundamental-frequency reactance of the inductor,Q
i xc = fundamental-frequency reactance of the capacitor,q

But for a filter tuned to harmonic h, the fundamental-

requency reactance tuned to harmonic h of the inductor

s X1y, and the fundamental-frequency reactance tuned to

armonic h of the capacitor is Xcy.

X1p*h = Xcp/h (4.9)

sre h = harmonic order

Xlp in terms of C Xc/h?

Xcp in terms of L h?wL = h?Xc

fl?efore
L = 1/w?Ch? (4.10)
larly CT M o
V1 = Ve/he (4.12)
X1 = Xc/h? (4.13)
e Vvl inductance voltage, KV

Ve = capacitor voltage, KV

Since the filter supplies the vars and filtering for the
"“€M, the constant voltage source for the fundamental

22



fre

quenCY calculation and the constant current source

r the harmonic source calculation are used.
fo '

Therefore, the

rating are:

and

where SF1 = size of
shl = size of

In = harmonic
Therefore, the

capacitor is:

vars losses in terms of the capacitor

Sfl = Vc?twC = Vec? /Xc (4.14)

Shl = Ip?/hwC (4.15)

capacitor for the fundamental load, MVAR
capacitor for the harmonic load, MVAR
current of h order

total reactive power (Qc) in terms of the

Qc = Sfl1 + Shl MVAr (4.16)

Substituting Eq. (4.14), (4.15) into Eqg. (4.16)

Qc = Ve?wC + Ip?/hwC (4.17)

Note: The harmonic loading is the same as for the capacitor

since the reactance is equal at harmonic frequency.

Using Uc as the unit cost for the capacitor, therefore

the filter cost for

where Kc cost, $

the capacitor reactive power is

Kc = Uc * Qc (4.19)

Uc = Unit cost of the capacitor, $

The vars losses in terms of the inductor rating are:

Sf2

Vc? /h*wl = Vc? wC/h? (4.20)

Sh2

I},* /hwC (4.21)

Therefore, the total reactive power of the inductor (Q1l)

i
N terms of the capacitor rating is
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Q1 = Sf2 +Sh2  MVAr (4.22)
gubstituting Eq. (4.20) and (4.21) into Eq. (4.22)

Ql = Vc?/h*wL + Ip*/hwC

VerwC + Ip?/hwC (4.23)

since the reactive loss of the inductor is greatly
affected by its insulation level (e.g., oil insulated/cooled

units, or natural air cooled reactor of open construction..),

the total cost approximation for the inductor:

kl = Uk + Ul * Q1 $ (4.24)

where Uk = Constant cost, $
Ul = Unit cost of the inductor, $

By neglecting the cost of the resistor the total cost of
the filter is:
K =1Uk + Q1 Ul + Qc Uc $ (4.25)
Substituting Eq. (4.16), (4.23) into Eg. (4.25) the

total cost of the filter

=~
I

Uk + (Sfl1 + Shl) Uc + (Sf2 + Sh2) Ul
= Uk + Uc * I,?/hwC + Uc * Vc*wC +
Ul * Vc?wC/h* + Ul * Iy?/hwC (4.26)
Since the size of the filter is the reactive power of
the capacitor at fundamental frequency only, and using the

Size in terms of V as
S = Vc*wC  MVAR (4.27)

Substituting S into Eq. (4.26)
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g = Uk + S(UL/h* + Uc) + (VelIp** (UL + Uc))/hs § (4.28)

since the size S is a variable, the size for the minimum

<t occurs when dK/ds = 0

(Ul/h* + Uc) - (Ve*Ip*#* (Ul + Uc))/hs?

%
N
o
0

I

=0 (4.29)

ﬂ,efore from Eq. (4.29) the minimum size for the filter

1
%

smin = [(Vc?Ip? (Ul+Uc)/h) (1/((Ul/h?)+Uc))] KVAR (4.30)
By having the minimum size of the KVAR's for the filter,
e minimum cost would be by substituting Smin Eq. (4.30) into
.(4.28).

Therefore the minimum cost for the filter ($/phase) is

5

 Kmin = Uk+2 [(Vc?Ip? (Ul + Uc)/h)*((Ul/h?)+Uc)] $ (4.30)
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Chapter Vv

EXAMPLE AND NUMERICAL RESULTS

5.1 1ntroduction

1In this chapter, the minimum cost single tuned filter
was chosen to suppress the 5th harmonic (since it has the
highest magnitude shown in Fig. 5.2, at bus 4, which supplies
the ac/dc converter of the 5-bus power system network shown
in Fig. 3.3).

The same procedure was applied to the 16 bus power

system network shown in Fig. 5.1 for testing.
5.2 Example: Minimum-cost Tuned Filter

For the 5-bus system with the following rating.

AC side DC side
S = 100 MVA P = 45 MW
VLL = 138 kV Vdc = 140 kV
I = 418.36 A Id = 320 A
F = 60 Hz
Uc = $3.5/KVAR L = 45°
UL = $8/KVAR a = 25°
Uk = k$8/phase Cos ¢ = 0.866

a) Determine: The minimum cost fifth harmonic filter for a

6-pulse converter and the size in MVAR per phase.

b) Determine: The capacitance for the minimum-cost filter.

c) Determine: The inductance for the minimum-cost filter.
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,lution:

kmin = Uk+ 2 { [Ve? Ip? (Ul + Uc)/h]*[(Ul/h*+ Uc] )

_om Appendix (E) for the 5th harmonic current Iyg = 43.9 A

t;.efore: s

8000 + 2 { [(138//3)% + (43.9 * 1/10 )2 (11500)]
: 5

*x [ ( 8%10 /25) * (0.0019) (11500)/5] * [3820]

Kmin

8000 + 2 { (6348) * (0.0019) (11500)/5]

&1

* [3820]

8000 + 2 [27740.76 * 3820]%

8000 + 2 [10294.15]

8000 + 20588

8000 + 20588

Kmin 28,588 $/phase

ing Eq. (4.30)

[V2In? (Ul + Uc)/h * 1/((Ul/ h?) + Uc)]11
{ [ ( 138//2)% * (43.9 * 10 )* (11500)/5]
* 1/[(8%10/5%) + 3.5 * 10 1)

Smin

Smin

[27740.76/3820]

- Smin = 2.6948 MVAR/phase

-

5

Smin = [V2I: (Ul + Uc)/h * 1/((Ul/ h?) + Uc)]
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[27740.76/3820]

2.6948 MVAR/phase

-6
2.6948/(377 * (138//3)?) = 1.126 * 10 F

Q
I

= 1.126 uF
W The inductor is: Using equation (4.10)
L = 1/w>ch?

-6
1/((377)® * (1.126 * 10 ) * (5)%)

= .2499 H
3 Example: 16 bus system

A 16-bus power system network was chosen for testing, a

e-line diagram is shown in Fig. 5.1. The system data,

ch as line admittance data, load and generation data are
ven in Appendix B. Example 5.2 was applied to the 5th
rmonic of bus 5 of the 16 bus power system network, taking
:'different rating into consideration using the same unit
for the capacitor and the inductor.
For the 5th harmonic filter, the values are given to be:
| The minimum cost fifth harmonic filter for a 6-pulse
converter is

Kmin = 22,955.88 $/phase
The minimum size in MVAR per phase is

Smin = 1.95757 MVAR/phase

The Capacitance for the minimum cost filter is

C=1.177 LF
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rhe inductance for the minimum cost filter is

"

L = 0.239112 H
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i

)

7 | 5 | 3
T FT\ rT\
| 8 | 6
Slak bus = bus 1
Frequency = 60 Hz
[ |
11 Base Sﬁmne=100MVA
Voltage bases
Bus Viine (kv)
i 4 115
2 115
3 115
4 115
5 115
e | 6 115
12 7 115
S 8 115
_ -9 115
- 10 115
13 14 11 115
12 115
13 115
14 115
15 115
16 115

T

15

16

Fig. 5.1 oOne-line diagram of 16-bus test system
with per unit bases
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_4 Results

rhe results for the 5 bus power system network were
:;ained from Appendix E.

pefore adding the minimum-cost tuned filter to bus 4,
fundamental harmonic voltage magnitudes at bus 4 are
- 122750.86 V

252.2625 V

6.5392 V

After adding the minimum-cost tuned filter to bus 4, the
yndamental harmonic voltage magnitudes bus 4 are

124247.7 V

76.9 V

= 6.617 V
Using Equation (4.4) to find the voltage harmonic

ctor, HFv or the voltage distortion factor without filter

1
%

(Vor+ V7% + V11* + V13%,..) J ¥Yi

.0021

After adding the filter

= .0006

The root means square (rms) value of the voltage at bus
before adding the filter is .

s = (V1: + V52 + V7 + Vll’...)1

F 122751.119 v

After adding the filter

S = 124247 vV
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The magnitude factor (MF) without filter is
o0
b, (1/V1) * ¥ Vn

n=2
_ (252.2625 + 6.5392)/122750.86

= .0021

The magnitude factor (MF) with filter is
= (76.9369 + 6.6173)/124247.7
= .0007

The % voltage increase at bus 4 is

[(124247.72 - 12275.119)/ 122751.119] * 100

= 1.21%
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Chapter VI

CONCLUSION

6.1 rntroduction

The response of electrical networks to harmonic voltages
and currents is a significant factor in the application of
ac/dc power converters on distribution systems. Since system
configurations continually change (particularly the
installation and switching of capacitor banks), tolerable
network harmonic response may not only become intolerable at
times in specific locations but also over wide areas served
by the system.

When large (5-50 MW) ac/dc power converters are used on
a distribution system, harmonic controls are essential. The
basis for selecting harmonic cancellation or harmonic
filtering is related to the operating characteristics of
line-commutated and self-commutated converters. The
Proliferation of lower rated electronic power switching
devices on systems continues, and will continue, to increase
background harmonic and noise levels. Therefore, convertér

Ranufacturers must reduce the impact of large converters by

harmonjc cancellation or harmonic filtering.

6.2 Summary

The main contribution of this research is to provide a
Rethog of how to suppress the harmonics generated by the
ac
/dc converters to a low level to meet the IEEE standard
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19 1981 for the voltage harmonic factor HFV (<0.001%) at an
519-

adequate COSt:

From the results of Examples 1 and 2, the requirement
yas met DY suppressing the harmonic level to an acceptable
1evel while keeping the voltage change to its minimum (1.21%)
at the bus after the addition of the minimum-cost filter to
the system.

As indicated, the changes by the addition of a filter to
the 5 bus system have a greater effect on the system than the
addition of the filter for the 16-bus since the 5-bus system
has a higher internal impedance than the 16 bus system which
makes the 16 bus system a unique system, since its effect by

the harmonic distribution inside its system is minimized due

to its low impedance.
6.3 Recommendations for future efforts

Since the previous testing was done on an assumed

balance symmetrical 3-phase system, the following suggestions
are made:
1) To examine the harmonic distribution on unbalanced,

unsymmetrical systems, which is the usual case on a power

transmsion and distribution system.

2) To take the harmonic caused by the capacitor bank
Overloading or overexcited transformer into consideration
for Calculating the harmonic interferences.

3)

o develop a voltage control system around the testing
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pus to keep to a minimum the voltage change caused by
the addition of the filter.
rTo develop convenient methods and equipment for the

purpose of making harmonic measurements.
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APPENDIX A

SYSTEM DATA FOR 5-BUS TEST SYSTEM

‘,13 a.1 Line data in per-unit on system Bases.

BUS -- BUS V4 Y/2
1 2 0.02+J0.04 0.020
2 3 0.04+J0.20 0.018
3 4 0.02+J0.06 0.010
3 5 0.15+J0.39 0.022
4 5 0.02+J0.04 0.010
5 1 0.08+J0.20 0.020

)le A.2 System Generator Data

BUS P3ph Q3ph
# (MW) (MVAR)
l — —_—

2 35 25

le A.3 System Load Data

BUS P3ph Q3ph

# (MW) (MVAR)
1 B _
2 15 5

3 35 34

4 45 0

> 60 10
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APPENDIX A

calculati°n of the 5th harmonic Y matrix

y1l = y12 + Y15 + Ycl

(1/212) + (1/215) + zcl

(1/.02+3.04%5) + (1/.08+3.2%5) + (j.04%5)

0.5745 - j5.7441 mhos

B, - Y12 + Y23 + YC2
= (1/.02+3.04%5) + (1/.04+3j.2%5) + (j.038%5)

0.5350 - j5.7589 mhos

33 = Y23 + Y34 + Y35 + Yc3

= (1/.04+3.2%5)+(1/.02+F.06*5)+(1/.15+3.399*5)+(j.05%5)

0.2987 - j4.5654 mhos

144 = Y34 + Y45 + Yc4
= (1/.0243.06*5) + (1/.02+3.04*5) + (j.02%*5)

= 0.8162 - j8.1691 mhos

55 = Y15 + Y35 + Y45 + Yc5
= (1/.08+3.2%5)+(1/.15+3.39%5)+(1/.02+7.04%5)+(j.052%5)

= 0.6158 - j6.2072 mhos
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APPENDIX A

calculation of the 7th harmonic Y matrix

y1l = yl2 + Y15 + Ycl

(1/.02+3.04%7) + (1/.08+3.2%7) + (3.04%7)

|

0.2945 - j3.9853 mhos

I\

B2 - v12 + ¥23 + Yc2

(1/.02+3.04%7) + (1/.04+3.2%7) + (3.038%7)

= 0.2742 - j4.001 mhos

133 = Y23 + ¥34 + Y35 + Yc3
= (1/.04+3.2%7)+(1/.02+3.06%7)+(1/.15+3.399%7)+(j.05%7)

= 0.1527 - j3.0963 mhos

Y34 + Y45 + Yc4

-
o>
[

(1/.0243.06*7) + (1/.02+3.04%*7) + (j.02%7)

0.3669 - J5.7889 mhos

[

Y15 + Y35 + Y45 + Yc5

(1/.08+3.2%7)+(1/.15+3.39%7)+(1/.02+j.04*7)+(j.052%7)

0.3137 - j4.2583 mhos
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.3797+32.73
£

+3847+j2.61
+1771+31.02

+0758+3.419

154545 . 897

0.294+33.99 —0.25+33.55

-.02+j0.714 .153-33.096 -.113+j2.38 -.019+3.3570

0.0

.398+3j2.6763

.405+J2.8210

.1866+j1.098

.0801+73.4497

» 159+ . 9125

APPENDIX A

0.0

_.254+§3.55 0.2742-34.0 -.02+j.7137

th harmonic impedance Z matrix.

.238+1.3847

.2404+3j1.42

.137+31.058

.0604+7.434

.1081+7j.681

48

8 7th harmonic Y matrix admitance is:

0.0

-.113+j2.37 .366-j5.789 -.02+j0.2833

-.019+3.357 -.25343j3.55 .313-j4.258

.16+.91827

.1598+3.921

.0879+3.593

.0487+3.415

.079-3.5485

-.0407+3.712

Inverting the above admittance matrix (by using a

tandard program on a digital computer) yields the following

.0914+7.5726

.089+3.5547

.0426+3.2597

.0175+3.1065

.0528+7.4394




» 5t

575-35.744 —.495+34.95

 495+j4.951 0.535-35.76

5.0 -.039+7.998
0.0 0.0

fﬁ7-j8.137 -B851-18.2202

.863-38.1171
.749-37.0477
54-37.161 .759-97.1552

.765-37.0798

APPENDIX A

-.04+30.998

0.298-j4.57

-0.22+33.32

-.038+3.049

h harmonic impedance Z matrix.

.758-37.075

.763-37.049

.693-35.573

.696-35.766

.694-35.776

49

n harmonic Y matrix admittance is

-.0795+3.994

0.0

-0.22+j3.32 -.030+3j0.498

0.716-38.17 -.495+j4.951

-.495+3j4.95 0.616-36.207

Inverting the above admittance matrix (by using a

andard program on a digital computer) yields the following

.756-37.161 .754-37.0717

«759=37.157

.755-37.0817

.685-35.766 .675-j5.7764

.708-35.700 .696-35.7393

.7036-5.739 .7098-)5.596




APPENDIX B

SYSTEM DATA FOR 16-BUS TEST SYSTEM

,je B.1 Line Data in Per-Unit on system Bases.

50

i: -=- BuS R X B
6 0.006650 0.035190 0.074580
10 0.006650 0.035190 0.074580
11 0.009980 0.052790 0.111900
4 0.016640 0.087980 0.186440
11 0.016640 0.087980 0.186440
7 0.008302 0.045550 0.008129
16 0.027680 0.151800 0.027100
12 0.006656 0.035192 0.074576
14 0.052100 0.177300 0.003707

{%le B.2 Transformer Data in per-Unit on system Bases.

15 -- Bus Type R X Tap
2 Fix 0.003500 0.035000 1.000
2 Fix 0.002722 0.032670 1.000
12 Fix 0.002083 0.041670 1.025
4 Fix 0.003846 0.038460 1.000
6 Fix 0.001667 0.041670 1.000
8 Fix 0.001667 0.041670 1.000
10 Fix 0.001200 0.024000 1.000



APPENDIX B

rable B.3 System Generator Data

Slack
Load
Gen
Load
Load
Load
Load
Load
Gen
10 Load
11 Load
12 Load
3 Load
Load
15 Loag
16 Loag

ed hed
vL = stc Qmax le n
(KV) (MW) (MVAr)
345.0 = =
13.8 110 80
250.0 220 140

=100

(MVAr)

ble B.4 System Input Bus Data in Per-Unit on system Bases

Viag Delta Pgen  max  Qmin  Pload  Quoad

1.00 0.00 0.00 0.00
1.00 0.00 0.00 0.00 0.00
1.05 0.00 1.10 0.80 -0.40 0.10 0.55
1.00 0.00 0.00 0.00 0.00
1.00 0.00 0.00 2.95 0.05
1.00 0.00 0.00 0.00 0.00
1.00 0.00 0.00 0.90 0.20
1.00 0.00 0.00 0.00 0.00
1.05 0.00 2.20 1.40 -1.00 0.15 0.04
1.00 0.00 0.00 0.00 0.00
1.00 0.00 0.00 0.00 0.00
1.00 0.00 0.00 0.00 0.00
1.00 0.00 0.00 0.50 0.02
1.00 0.00 0.00 0.35 0.03
1.00 0.00 0.00 0.00 0.00
1.00 0.00 0.00 1.50 0.20
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APPENDIX C

FOURIER ANALYSIS

aAnalysis based on Fourier series and closed form is

R ally single for various waveforms. For periodic

- c +a CoOsSx+a COS2x+ ... +b SINXx +b ....
1 1 2 1 2

,-—c +c SIN (x+ta¢ ) + ¢ SIN (2x+a ) + ...c SIN (n+a )
0 1 1 2 2 n n

n n J¢21n
c = 1/2w F(x) dx
0 0
Jh
a = 1/m JF(x) COS(nx) dx
n 0
Jh
b = 1/w F(x) SIN(nx) dx
n 0

Using these equations, it is interesting and useful to
analyze the commonly found wave shapes for the voltages and

the current harmonics in the transmission and distribution

Networks.
Figure (C-1) represents such a typical waveform used to

Analyze the current harmonics.
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APPENDIX C

-5 —

Fig(C-1) Trains of positive and negative
rectangular pulses

The trigonometric form of the fourier series for the

Zove waveform is developed as follows:

F1(wt) = Agp/2 +E (Ah* COS(hwt) + Bh* SIN(hwt))
h = harmonic number
w = rad/sec
Iuﬂ
Ag/2 =(1/2m) [, d(wt)
=(1/2m) [w/2 + w/2]

IH/Z

Ap =(1/m)J ., COS(hwt) d(wt)
=(1/(m*h)) [SIN(hw/2) + SIN(hw/2)]

Ap =(2/(m*h)) SIN(wh/2)

w/2
By =(1/m) Iwﬂ SIN(hwt) d(wt)

(1/(m*h)) [-COS(wh/2) + COS(-wh/2)]
Bh= 0
So eq. (7) will be

Fi(wt) = wyan + I ((2/hm) SIN(wh/2) * COS(hwt) + 0 )

53
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APPENDIX C

Fp(Wt) = W/2m + (2/m)* SIN(w/2)*COS (wt)
+ (2/2m)* SIN(2w/2)*COS2wt
+ (2/3m)* SIN(3w/2)*COS3wt
+ (2/4m)* SIN(4w/2)*COS4wt
+ e e o) 11
since the converter produces positive and negative
ulses, as shown in Fig (C-1), the negative group gives the

p
following fourier series:

n

Fp(wt) = -Bg/2 + Z(-Ah*COS (hwt)-Bh*SIN (hwt)) 12
Where:
J w/2 + hr
Ag/2 = =1/27 | 5. pe G(WE)
Ag/2 = -w/2m 13
J w/2 ¢ hr
Ah = -1/T .2+ e * COS(hwt)d(wt)
= -2/hm [SIN(hw/2 * hm)] 14
If h is even, SIN(hw/2 + hwm) = SIN(hw/2)
If h is odd, SIN(hw/2 + hwm) = -SIN(hw/2)
J‘ W/2 ¢ hr

Bh = =1/7 | .2+ e* SIN(hwt)d(wt)

= 0 15

So eq. (7) for ths negative pulses is:
Fo(wt) = -w/27m + E1-Z/hw [SIN(hw/2 * hm) COShwt]
Fo(wt) = -w/2m + (2/m * SIN(w/2)COS (wt)
- 2/2m * SIN(2w/2)COS(2wt)
+ 2/37m * SIN(3w/2)COS(3wt)
- 2/4m * SIN(4w/2)COS (4wt)
5 o o% % 5 ) 16
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The sum of the two fourier series of the positive pulses

Eq (11) and the negative pulses Eq. (16) is:

F3(Wt)

Fq(wt) + Fy(wt)
= (4/m) [SIN(w/2)COS(wt) +(1/3)SIN(3w/2)COS(3wt)
+ (1/5) SIN(5w/2)COS (5wt)+(1/7)SIN(7w/2)COS (7wt)
+ (1/9) SIN(5w/2)COS(5Wt) . . . . . . ] 17

Notice the even order harmonic have been eliminated.

For a 6-pulse converter w = 27/3 and changing the

height to Iy (direct current) the ac current phase a is:

Ial =(2/3/m) Ig * (COS(wt) - (1/5) COS(5wt) +

+ (1/7) COS(wt) - (1/11) COS(11lwt)

+ (1/13) €COS(13wt) ..... ) 18

For the wye-star transformer connection, a factor of
is introduced in the transformer ratio and the current

aveform is as shown in Fig. (C-2).

3
"3

1/J/3

- m/2 m/2 m

> Time

Fig(C-2) Time domain representation of a 6-pulse
waveform with delta-star
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and its fourier series is:
1a2 = (2/3/m) Iq * [COS(wt + COS(5wt) -(1/7)COS(7wt)
- (1/11) COS(1llwt) +(1/13) COS(13wt)

+(1/17) COS(17wWt) ....... ] 19

For a l1l2-pulse configuration shown in Fig. (C-3)

composed of two 6-pulse converters fed from sets of 3 phase
+ransformers, connected in parallel, the resultant of the
ac current adding the wye-wye Eq.(18) and the delta-wye

(19) transformers result in the following fourier series:

.

Ia3 =(4/3/m) * I4 * [COS(wt) -(1/11) COS(1llwt)

+(1/13)COS(13wt) -(1/23)COS(23Wt)+..... ] 20

Notice this series contains only harmonics of orders
12n *+ 1. Harmonic currents of order 6n = 1 (n = odd)
circulate between the two transformers but do not appear in

the ac network.

14703

-m/2 1/J3

>Time

Fig. (C-3) Time domain representation of
the 12-pulse phase current
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[
g ANGLE OF COMMUTATION "U™ FOR A KNOWN DC LOA
; DIMENSION G(70),DV(70),D(70),P(70)
3 REAL DL, PMl PHZ Al F
4 W = 576.9911
5 S = 45000000.0
6 L =0.21
7 V1l =(120949.1,-20956.846)
8 HRITE(6,%)" DC VOLTAGE
. DC POWER '
9 WRITE(6,%)" 36 36 36 3 3€ 36 3 3¢ X 2 %
o 2636 3 3 26 3 €% ¥
10 DO 1 I=1,60
11 X=1
12 U=((60-X)/180)%3.16416
13 G(I)=(3%V1%(14+COS(U)))/(1.6416%3.16416)
164 DCI)=(V1%(1-COS(U))/(1.41GXHXL))
15 P(I)= D(I)%G(I)
16 Q = REAL (P(I))
17 IF (Q .LT. S) GO TO 10
18 WRITE(6,%) G(I),DC(I),P(I)
19 1 CONTINUE
20 10 TH = (U/3.1616)%180
21 HWRITE(6, X) G(l) D(I),PC(I)
22 WRITE(6,X%) *
23 WRITE(6,%) ' 8
24 WRITE(6,%) 'THE ANGLE OF COMMUTATION "yU"™ IS'
25 WRITE(6,%) '========zz====z=zzz===============1"
26 WRITE(6,%) * ¢
27 HRITE(G.!) TH
28 WRITE(6,%) ' °*
29 WRITE(6,%) * ’
30 sToP
31 END
$ENTRY
DC VOLTAGE DC CURRENT
36 36 36 3 26 36 3 3 3 % X ;333333383334
123750.4000000 523.9768000 (
126965.9000000 507 .8986000 ¢
126168 .3000000 491.99648000 (
127357 .0000000 676.2702000 (
128531.9000000 460.7294000 (
129692.5000000 465.3776000 ¢
130838.5000000 430.2192000 ¢
131969.5000000 415.2587000 (
133085.1000000 400.5009000 (
134185.2000000 385.9501000 (
135269.3000000 371.6110000 (
136336.9000000 357 .4880000 (
137388.0000000 3643.58649000 (
1386422.1000000 329.9062000 (
139438.9000000 316.4565000 (

THE ANGLE OF

THIS PART OF THE PROGRAM CALCULATES THE OVERLAP ANGLE OR THE

===B-8====!:'3838========I=8=================================

COMPLEX V1,V2, V3 v4,v5,VD1, VDZ vD,1D,VD3,VD4,VD5 ,P

COMMUTATION "U™

1s

EE T E  r  E T D pppepa—"
SSSE=CE=SSCS=SSSsSsS=SsSsSs==========s=====

»TH, H W, L S.Q

DC CURRENT

36 36 26 26 36 36 3 36 36 3¢ X %

08,
08,

DC POWER

336 36 36 36 3 36 36 3 %
.66G864235E
.6347003E
.6207416E
.6065637E
.5921845E
.5776211E
.5628926E
.56480152E
.5330074E
.5178882E
.5026757E
.G873882E
.G7206445E
.6566632E
.G412635E

.0000000E
.0000000E
.0000000E
.0000000E
.0000000E
.0000000E
.0000000E
.0000000E
.0000000E
.0000000E
.0000000E
.0000000E
.0000000E
.0000000E
.0000000E

00)
00)
00)
00)
00)
00)
00)
00)
00)
00)
00)
00)
00)
00)
00)

d XIAN3Iddv
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STATEMENTS EXECUTED= 150

CORE USAGE
DIAGNOSTICS
COMPILE TIME=

C$sTOP

OBJECT CODE=

2000 BYTES,ARRAY AREA=

1400 BYTES,TOTAL AREA AVAILABLE= 2406288 BYTES

NUMBER OF ERRORS= 0, NUMBER OF WARNINGS= 0, NUMBER OF EXTENSIONS= 0
0.01 SEC,EXECUTION TIME= 0.01 SEC,

16.09.53 MONDAY 22 APR 91 WATFIV - MAR 1980 V2L0
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65

$JOB ;
Cc 5 BUS TEST SYSTEM WITH PER-UNIT BASES

C S=100MVA,V=138KVLL,I=5/1.7321%KVLL=618.3698,Z=VL/1=190.6440HM
c 336 26 36 3 36 € 3 3 JE X 2 J€ 3 3€ J€ 6 3 I J€ 3 2 26 36 3 36 36 6 3 36 26 6 3 36 36 6 JE 3676 6 3 36 26 3 JE 36 3E 36 36 36 JE I€ J€ 36 I 36 36 36 I 3 ) )

COMPLEX Y(5,5),v1,Vv2,V3,Vv4,V5,51,52,53,564,55,15,SB1,SB2,5B3,5B4
COMPLEX SB5,vvl,Vv2,VV3,VV4,VV5,DV1,DV2,DV3,DV4,DV5,11,12,13,14
COMPLEX LV15,LV12,LV23,LV35,LV36,LI15,L112,L123,L136,L135,LI17
COMPLEX SL12,SL21,SL23,S51L32,SL35,5L53,5L34,5L43,5L15,5L51,PL12
COMPLEX IH ,17,18,19,110,111,V6,25(5,5),IH15,IH25,IH35,1H45,1H55
COMPLEX VH15,VH25,VH35,VH45,VH55,2(5,5),27(5,5),VH17,VH27,VH37
COMPLEX VHG7,VH57,1IH17,1H27,1IH37,1H47,1H57, IHLH, IH2H, IH3H, IHGH
COMPLEX IH5H,VH1H,VH2H,VH3H,VHGH,VH5H, ZH(5,5)

c COMPLEX VH9H,VH10H
DIMENSION F(40),G(40),H(40),P(40),Q(40),R(40),S(40),T(40),V(40)
DIMENSION W(40),L(40)
REAL DL,AL,U,D1,F2,VH8H

COMMON ToOL

INTEGER 0,A,B,C,D,E
TOL=.00001
V1=(1.0,0.0)
v2=(1.0,0.0)
V3=(1.0,0.0)
V6=(1.0,0.0)
V5=(1.0,0.0)
$1=(0.0,0.0)
$2=(0.20,0.20)

53=(-0.35,-0.34)
56=(-0.65,0.00)
$5=(-0.60,-0.10)

A WNN -

TE(6,%)" '
WRITE(6,X%)*

g XIANIddY

L]
5),K=1,5)

WRITE(6,
WRITE(6, % TH HARMONIC Z MATRIX'
WRITEC6 , %) " 3336 36 36 3 33 5 % X3 XX XXX KKK
PRINT 22 ,((Z(J,K),K=1,5),J=1,5)
22 FORMAT(10E13.5)
WRITE(6,%)" .
MRITE(6,%)'7TH HARMONIC Z MATRIX'
WRITE (6, %) * 25336 36 36 3 3 3 5 % 3 36 3 3 3 X X X XXX
PRINT 23 ,((Z7(1,0),0=1,5),1I=1,5)
23 FORMAT(10E13.5)
WRITE(6,%) '5TH HARMONIC Z MATRIX AFTER ADDING THE FILTER'
WRITE (G, %) " 3363636 36 3 3 3 5 336 36 36 36 3 3 36 JE 3 36 JE JE JEIE 3 3 2 26 36 3 3 3 I I H N M NN N K *
PRINT 24 ,((ZH(I,0),0=1,5),1I=1,5)
26 FORMAT(10E13.5)
LURTTECL %) ' '

N1 WX —-1O O~
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56

57
59
60
61
62
63
66
65
66
67
68
69

70
71

o0

WRITE(6,%)" g
THIS PART OF THE PROGRAM CALCULATS VALUES FOR THE BUS VOLTAGES

WRITE(6, %) "VALUES FOR THE BUS VOLTAGES®
WRITEC6, ) 3363636 5 5 5 536 36 36 36 3 3 3 3 36 36 6 3 3 36 36 36 36 36 36 3663 ¥

WRITE(6, %) 'V2=REAL V2=IMAGE V3=REAL V3=IMAG V4=REAL V4=1IMAG

V5=REAL V5=IMAG'

’ VV2=(1/Y(2,2))%(CONJG(S2)/(CONJG(V2))-(VIXY(2,1)+V3%Y(2,3)+VGX
. Y(2,6)+V5%Y(2,5)))

Dv2=VvVv2-v2

V2=V2+(1.4%DV2)

WRITE(6,%)'v2 ="

WRITE(6,%) V2

VV3=(1/Y(3,3))%(CONJG(S3)/(CONJG(V3))-(VIXY(3,1)+V2XY(3,2)+V4x

Y(3,4)+V5%Y(3,5)))

DV3=VV3-V3

V3=V3+(1.64%DV3)

WRITE(6,%)*'V3 ="

WRITE(6,%) V3

VV4=(1/Y(6,4))%X(CONJG(SG)/(CONJGI(VG))-(VIXY(G,1)+V2X%Y(G,2)+V3x

Y(G,3)+V5%Y(4,5)))

DVG=VV4-V4

VG=VG+(1.6%DV4)

WRITE(6,%) V4

WRITE(6,%) 'V5"'

VV5=(1/Y(5,5))%(CONJG(S5)/(CONJG(V5))-(V1XY(5,1)+V2%Y(5,2)+V3x

Y(5,3)+V6x%Y(5,4)))

DV5=VV5-V5

V5=V5+(1.4%DV5)

WRITE(6,%) 'V2=REAL V2=IMAG V3=REAL VG=REAL VG=1IMAG
V5=REAL V5=IMAG'

" WRITE(6,10) V2,V3,VG,VS

FORMAT(1X,F8.6,1X,F8.5,2X,F8.5,1X,F8.5,2X,F8.5,1X,F8.5,2X,F8.5,
1X,F8.5)

" 662=ABS(REAL(DV2)

)
BB2=ABS(AIMAG(DV2))
GG3=ABS(REAL(DV3))
BB3=ABS(AIMAG(DV3))
GG4=ABS(REAL(DV4))
BBG=ABS(AIMAG(DV4))
GG5=ABS(REAL(DV5))
BB5=ABS(AIMAG(DVS5))
IF(GG1.GT.TOL) GO TO
IF(GG2.GT.TOL) GO TO
IF(BB2.GT.TOL) GO TO
IF(GG3.GT.TOL) GO TO
IF(BB3.GT.TOL) GO TO
IF(GG4.GT.TOL) GO TO
IF(BBG.GT.TOL) GO TO
IF(GG5.GT.TOL) GO TO
IF(BB5.GT.TOL) GO TO
WRITE(6,%) * ¢

THIS PART OF THE PROGRAM CALCULATES THE POWER AT EACH BUS

Pt it st e e e Pt

I1=(V1IXY(1,1))+(V2xY(1,2))+(V3I%Y(1,3))+(VaxY(1,4))+(V5%Y(1,5))
I2=(V1%Y(2,1))+(V2%Y(2,2))+(V3I%Y(2,3))+(VGXY(2,64))+(V5%Y(2,5))
I3=(V1%Y(3,1))+(V2XxY(3,2))+(V3IXY(3,3))+(VGXY(3,4))+(V5%Y(3,5))
I6=(V1XY(4,1))+(V2XY(G,2))+(VIXY(G,3))+(VGXY(G,4))+(V5%Y(4G,5))
I5=(V1XY(5,1))+(V2%Y(5,2))+(V3I%Y(5,3))+(VGXY(5,4))+(V5%Y(5,5))

g XIAN3dd¥
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SB2=V2%CONJG(I2)
SB3=V3xCONJG(I3)
SBG=VGXCONJG(IG)
SB5=V5%CONJG(I5)
THIS PART OF THE PROGRAM CALCULATES THE RMS VALUE OF EACH CHARAT.
HARMONIC CURRENT

WRITE(6,%) "VALUE FOR V6'

I17=11%618.3698

18=12%4618.3698

19=13%618.3698

I110=164%618.3698

I11=15%618.3698

V6 = V4x1.00%138000

WRITE(6,%) V6

WRITE(6,%) 'POS. SEQ. HARMONIC CURRENT FROM BUS 4'
WRITECG , %) * 33636 5 3 3 36 3 36 3 36 3 36 36 J€ 3 I€ JE 36 36 36 3 36 JE I€ JE I 3 36 3 I€ 3 3¢ 36 3¢ 3 36 3¢ ¥
U= ((45.07/180.0)%3.1416)

AL=((25.0/180.0)%3.1616)

DL= ((57.3/180.0)%3.146416)

17=1700.0

Do 15 I=1,8

X=(6%I)+1

FCI)= C(CCSINC(X-1)%(U’2))/7(X-1))%%2)+
. (CSINCX+1)%(U/2))/7(X+]1))%x2
. —2XCCSINCOX-1)%(U/2))7(X-1))%(SINC(X+1)%(U/2))/7(X+1)))%COS((2
. XAL)+U))%x0.5

D1=COS(AL)-COS(DL)
L(I)=(2.46495%(56.1)%F(I))/(3.141%X%(COSC(AL)-COS(AL-U)))
G(I)=(1.7321%V6X%F(I))/(3.16416%377.0%0.21x%X)
WRITE(6,%) X,G(I)
WRITE(6,%) G(1)

Do 16 I1-1,8

X=(6%I)+1

R(I)= (CC(SINC(X-1)%(U/2))/7(X-1))%%2)+

CCSINCX+1)%(U/72))/7(X+]1) ) %x%2

=2XC(SINC(X-1)%(U/2))/7(X-1))%(SINC(X+1)%(U/2))/(X+1)))I%COS((2
XAL)+U) ) %x0.5

D1=COS(AL)-COS(DL)
LCI)=(2.6695%(564.1)%F(I))/(3.141%X%X(COS(AL)-COSCAL-U)))
Q(I)=(1.7321%V6X%R(I))/(3.1616%377.0%0.21%X)

CONTINUE

HRITE(6,%) ' '

WRITE(6,%) 'NEG. SEQ. HARMONIC CURRENT FROM BUS 6 '
WRITEC6 ,3) ¥ 3363336 36 36 3 3 36 J€ 36 JE JE JE 3 36 36 36 IE JE I 36 JE JE JE JE I I€ JE JE I 3E 26 26 93¢ ¥

Do 25 J=1,8

X=(6%J)-1

W(J)= CCCSINCCX-1)%(U/72))/7(X-1))%x%2)+

(CSINCX+1)%(U/72))/7(X+]1))%x%2

=2X((SINC(X-1)%(U’2))/7(X-1))%(SINC(X+1)%(U/2))/7(X+1)))%COS((2

. XAL)+U))%x0.5

D1=COS(AL)-COS(DL)
T(J)=(2.6695%(56.1)%W(J))/(3.141%X%¥(COS(AL)-COS(AL-U)))
S(J)=(1.7321%V6XW(J))/(3.1616%377.0%0.21%X)
WRITE(6,%) X,S(J)
WRITE(6,%) S(1)
WRITECG, %) " 3336 36 36 36 36 36 3 36 36 36 36 36 3 3 3 3 36 3 3 36 36 3E 3E JE JE 3 3 3 3 3 3E 3 3 6 36 I 36 JE 3 3 3 3 36 26 26 96 3 X X *
Do 20 J=1,8

X=(6%J)-1

3 XIAQN3Idd¥
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138 HCJ)= C(CCSINCCX-1)%(U/2))/7(X-1))%%2)+
. CCSINCX+1)%(U/72))/7(X+]1))%x2
. —2X((SINC(X-1)%(U/2))/7(X-1))%CSINCC(X+1)%(U/2))/7(X+1)))%XCOSC((2
XAL)+U))x%x0.5

139 D1=COS(CAL)-COS(DL)
Cc IH=(F2%I7)/(X%D1)
1640 P(J)=(1.7321%V6%XH(J))/(3.1616%377.0%0.21%X)
141 20 CONTINUE
co WRITE (6,%) P(J)
C THIS PART OF THE PROGRAM CACULATE THE RMS VALUE OF THE HARMONIC
Cc VOLTAG ON EACH BUS CAUSED BY THE 5TH HARMONIC OF BUS 6
(o 3626 3 36 3 36 3 3 3 I 3 I 3 I X I JE JE 3 I 3 I 3 I I JE 3 26 I 3E 36 JE 36 3E I 3 I 3 JE 3 3E 3 I I I 3 36 3 36 6 36 € 36 6 JE 6 26 3 I 3 26 3 ) %
162 IH15=(0.0,0.0)
143 IH25=(0. 0.0 0)
144 IH35=(0.0,0.0)
145 IHG45= P(1)
166 IH55=(0.0,0.0)
147 VH15=((Z (1,1)%XIH15)+(Z (1,2)%IH25)4(Z (1,3)%IH35)+4(Z (1,G)%IHG5
. J+(Z (1,5)%IH55))
148 VH25=((Z (2,1)XIH15)+(Z (2,2)%IH25)4(Z (2,3)%IH35)+(Z (2,6)%IHG5
> )+(Z (2,5)%IH55))
149 VH35=((Z (3,1)XIH15)+(Z (3,2)%IH25)+4(Z (3,3)XIH35)+(Z (3,6)%IH45
s J+(Z (3,5)%IH55))
150 VHG5=((Z (6,1)X%XIH15)+(Z (6G,2)%IH25)+4(Z (4G,3)X%IH35)+(Z (4G,G)%IHG5
. )+(Z (4,5)%IH55))
151 VH55=((Z (5,1)%IH15)+(Z (5,2)%IH25)+4(Z (5,3)%IH35)+(Z (5,6G)XIHGS
(=)} . )+ (Z (5,5)%IH55))
N 152 WRITE(6,X%)" ¥
153 NRITE(G.X) v &
1546 WRITE(6,%)'5TH HARMONIC VOLTAGE AT °* >
155 WRITEC 6, %) ¥ 33333 3 X X 3 3 3 3 3 3 3 36 3 36 36 X ) 26 3¢ ¥ L
156 WRITE(6,%)" BUS1 BUS2 BUS3 g
5 BUS4 BUSS?®
Cc WRITE(6,%) * i 5
157 WRITE(6,%) * o 5
158 WRITE(6,%) VH15,VH25,VH35,VHG5,VH55 B4
Cc FORMAT(IX F8.4, 1x F9.3,2X, Fs 4, lx F9.3,2X,F8.464,1X,F9.3,2X,F8.4,
c 1X,F9.3,2X,F8.4,1X,F9.3) «
c THIS PART OF THE PROGRAM CACULATE THE RMS VALUE OF THE HARMONIC
(o VOLTAG ON EACH BUS CAUSED BY THE 7TH HARMONIC OF BUS 4
Cc 3 36 26 € 36 36 3 36 36 3 36 J€ 3 3 26 JE I 26 3 I 26 JE € JE JE I JE I I IE 3 J€ JE 3 I€ JE I IE JE I IE 3 € 3 36 3 36 JE I I JE I 36 3 I I 3 I I 3 I 36 X X
159 IH17=(0.0,0.0)
160 IH27=(0. 0.0 0)
161 IH37=(0.0,0.0)
162 IHG7= Q(1)
163 IH57=(0.0,0.0)
164 VH17=((Z7(1,1)%IH17)4(Z7C1,2)%IH27)+(Z7C1,3)%IH37)4(27(1,G)%IHG7
. )+(Z7(1,5)%IH57))
165 VH27=((Z7(2,1)%IH17)+(27(2,2)%IH27)+(27(2,3)%IH37)4(27(2,6G)%IHG7
. )+(27(2,5)%IH57))
166 VH37=((Z7(3,1)%IH17)4(Z7(3,2)%IH27)+(Z7(3,3)%IH37)4(Z7(3,6G)%IHG7
: )+(27(3,5)%IH57))
167 VHG7=((Z7(6G,1)%IH17)4(27(6G,2)%XIH27)+(Z7(6G, 3)%IH37)4(27(G,G)%XIHG7
. )+(27(4,5)%IH57))
168 VH57=((Z7(5,1)%IH17)+4(Z7(5,2)%IH27)+(Z7(5,3)%IH37)+(Z27(5,6G)%IHG7
i )+ (Z7(5.5)!1H57))
169 WRITE(6, %)
170 HWRITE(6,%) * ¢
171 NRITE(6.!)'7TH HARMONIC VOLTAGE AT:'

172 WRITEC6, %) * 333636 3 3 3 3 3 36 J6 I 3 3 6 I 36 I 3 2 I X
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WRITE(6,%)" BUS1 BUS2 BUS3
. BUS4 BUSS5*

WRITE(6,%) °* ¥

WRITE(6,%) ' i

WRITE(6,4) VH17,VH27,VH37,VHG7,VH57
FORMAT(IX F8.4,1X,F9.3,2X,F8.6,1X,F9.3,2X,F8.64,1X,F9.3,2X,F8.4,
1X,F9.3, ZX F8. 4 lX F9.3)

" THIS PART OF THE PROGRAM CACULATE THE RMS VALUE OF THE HARMONIC

VOLTAG ON EACH BUS CAUSED BY THE 7TH HARMONIC OF BUS 4
3636 26 26 26 36 36 36 3 3 3 3 36 36 26 26 JE JE 3 3 3 3 3 36 26 26 26 JE JE 3 3 3 3 36 D6 2€ JE JE 3 3 3 3 3 3 3 3 3 36 36 36 36 36 3E 3 3 36 36 36 96 36 2 3 3 %
IH1H=(0.0,0.0)

IH2H=(0. 0.0 0)

IH3H=(0.0,0.0)

IHGH= P(1)

IH5H=(0.0,0.0)

VHIH=C((ZH(1,1)%IHIH)+(ZH(1,2)%IH2H)+(ZH(1, 3)XIH3H)+(ZH(1, G) XIHGH
)+(ZH(1,5)%IH5H))

VHZH=((ZH(2, 1) XIHI1H)+(ZH(2,2)%IH2H)+(ZH(2, 3)XIH3H)+(ZH(2,4)XIHGH
)+(ZH(2,5)%IH5H))

VH3H=((ZH(3, 1) XIHIH)+(ZH(3,2) XIH2H)+(ZH( 3, 3)XIH3H)+(ZH( 3, G ) XIHGH
)+(ZH(3,5)%IH5H))

VHGH=((ZH( G, 1 ) XIHIH)+(ZH(G,2) XIH2H) +(ZH( G, 3)XIH3H)+(ZH( G, G) XIHGH
)+(ZH(4,5)%IH5H))

VH5H=C((ZH(5,1)XIHIH)+(ZH(5,2)%XIH2H) +(ZH(5, 3)XIH3H)+(ZH(5, G) XIHGH

)+ (ZH(5,5)%IH5H))
VHIL= ABS(REAL(VHIH))
VH2L=ABS(AIMAG(VH1H))
VH3L=((VHIL)%%2)+( (VH2L)%%2)
VH6H=SQRT(VH3L)
VH10H= ((COSC(VH7H)/(VH6H)))/(SINC(VHTH)/(VH6H))))
VHGL=ABS(REAL(VH2H))
VH5L=ABS(AIMAG(VH2H))
VH6L=C(VHGL)%%2)+( (VH5L) %x2)
VH7H=SQRT(VH6L)
VH10H= ((COSC(VH7H)/(VH6H)))/(SINC(VH7H)/(VHE6H))))
VH7L=ABS(REAL(VH3H))
VH8L=ABS(AIMAG(VH3H))
VHIL=CC(VH7L)%X%2)+( (VHBL ) %%2)
VH8H=SQRT(VHIL)
VH10H= ((COSC(VH7H)/(VH6H)))/(SINC(VHTH)/(VHEH))))
VH1F=ABS(REAL(VHGH))
VH2F=ABS(AIMAG(VHGH))
VH3F=((VH1F)%X%2)+((VH2F)xx2)
VHIH=SQRT(VH3F)
VH10H= ((COSCC(VH7H)/(VH6H)))/(SINC(VHTH)/(VHEH))))
VHGF=ABS(REAL(VH5H))
VH5F=ABS(AIMAG(VH5H))
VH6F=((VHGF)*x%2)+((VH5F) %x%2)
VH7F=SQRT(VH6F)
WRITE(6,%)" .
WRITE(6,%) ' '
WRITE(6,%)"AFTER ADDING THE FILTER,THE 5TH HARMONIC VOLTAGE AT:'
WRITECG , %) ¥ 3336 563 36 3 3 3 3 3 36 36 3 6 I 3 36 JE 3 I J€ 3 I JE 3 J€ 26 3 I€ 36 3€ 36 J€ I J€ 36 36 J6 JE I I 36 6 I X I X N XX

WRITE(6,%)" BUS1 BUS2 BUS3
. BUS4 BUSS'

WRITE(6,%) ' !

WRITE(6,%) ' '

WRITE(6,%) VH6H,VH7H,VH8H,VHIH, VH7F
FORMAT(1X,F8.6,1X,F9.3,2X,F8.464,1X,F9.3,2X,F8.64,1X,F9.3,2X,F8.4,
1X,F9.3,2X,F8.4,1X,F9.3)
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Do 25 J=3,15
X=J

QUJ)= (C(SINC(X-1)%(U/2))/7(X-1))%%2)+
(CSINCX+1)%(U/72))/7(X+1))%%2

. =2X((SINC(X-1)%(U/2))/7(X-1))%(SINC(X+1)%(U/2))/(X+1)))%COS((2
. XAL)+U))x%%0.5

D1=COS(AL)-COS(DL)

R(J)=( 62.7633%3.16416%X%X(COSCAL)-COSCAL-U))/(2.646495%Q(J)))
R(J)=(Q(J)%XI9 )/(Xx%D1l)
WRITE(6,%) J,R(J)
WRITE(6,%) "HARMONIC FROM I4'

DO 30 J=3,20

X=J

S(J)= (CCSINC(X-1)%(U/72))/7(X-1))%%2)+

(CSINCX+1)%(U/72))/7(X+]1))%x%2

. =2X((SINC(X-1)%(U’72))/7(X-1))%(SINC(X+1)%(U/2))/7(X+1)))I%COS((2

¥AL)+U) ) %x0.5

D1=COS(AL)-COS(DL)

IH=(F2X%I7)7(X%D1)

T(J)=(2.669%(261.79)%S(J))/(3.16416%X%(COSC(AL)-COSCAL+U)))

WRITE(6,%) J,T(J)

WRITE(6,%) 'HARMONIC FROM IS5’

D0 35 J=3,8

X=J

V(J)= (CCSINC(X-1)%(U/2))/7(X-1))%%2)+
(CSINCX+1)%(U/72))/7(X+]1))%x%2

=2X((SINCC(X-1)%(U’72))/7(X-1))%(SINC(X+1)%(U/2))/(X+1)))%COS((2

. XAL)+U))%X0.5

D1=COS(AL)-COS(DL)
IH=(F2%I7)/(X%D1)
W(J)=(V6X(COSCAL)-COS(AL-U))/(1.41642%377%0.21))

5 WRITE(6,%) J,HW(J)
216 STOP
215 END
$ENTRY
Y MATRIX
$ 3333333383
0.11720E 02 -0.264270E 02 -0.10000E 02 0.20000E 02 O0.00000E 00 O0.00000E 00
-0.10000E 02 0.20000E 02 0.10960E 02 -0.24770E 02 -0.96150E 00 0.48081E 01
0.00000E 00 O0.00000E 00 -0.96200E 00 0.48081E 01 0.67840E 01 -0.21950E 02
0.00000E 00 O0.00000E 00 O0.00000E 00 O0.00000E 00 -0.50000E 01 O0.15000E 02
-0.172640E 01 0.43100E 01 O0.00000E 00 0.00000E 00 -0.82200E 00 0.21920E 01
5TH HARMONIC Z MATRIX
1333333333333 33333333 3
0.85700E 00 -0.81360E 01 0.85150E 00 -0.82200E 01 0.75760E 00 -0.70700E 01
0.85000E 00 -0.82200E 01 0.86300E 00 -0.81170E 01 0.76320E 00 -0.70490E 01
0.76200E 00 -0.707646E 01 0.74900E 00 -0.706477E 01 0.69200E 00 -0.55700E 01
0.7564600E 00 -0.71600E 01 0.75900E 00 -0.71550E 01 0.69600E 00 -0.57650E 01
0.76200E 00 -0.70710E 01 0.766400E 00 -0.70798E 01 0.69390E 00 -0.57760E 01
7TH HARMONIC Z MATRIX
1333333333333 3333333 839
0.25600E-01 -0.30600E 00 0.14500E-01 -0.43800E 00 -0.12000E-01 -0.93700E 00
0.14500E-01 -0.63870E 00 0.23000E-01 -0.30290E 00 -0.90000E-02 -0.91000E 00
-0.12000E-01 -0.93700E 00 -0.90000E-02 -0.91000E 00 0.13900E-01 -0.43800E 00
-0.14600E-01 -0.95200E 00 -0.13600E-01 -0.956400E 00 0.63000E-02 -0.61200E 00

|
oocoe

.00000E
.00000E
-0.
.15000E
-0.

.75600E
.75950E
.68500E
.70800E
.70360E

50000E
10000E

.16400E-01
.13600E-01
.63000E-02
.17000E-01

coooo

-0.
-0.
-0.
-0.
-0.

-0.
-0.
-0.
-0.

.00000E
.00000E
.15000E
.36980E
.20000E

71600E
71570E
57660E
57000E
57390E

95150E
95600E
61200E
42600E

-0.
.00000E
-0.
-0.
.12550E

ocoooe

-0.
-0.
.00000E 00
.82000E-02

.756400E
.75500E
.67500E
.69600E
.70900E

172643E 01
00
82220E 00
10000E

02

00
00
00

00

13000E-01
14000E-01

-0.
-0.
-0.
-0.

.G3100E
.00000E
.21920E
.20000E
.26450E

.70710E
-0.
-0.
-0.
-0.
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70800E
57760E
57393E
56000E

92000E 0O
95000E-0!
70380E O
56600E 0O



5{0.130005—01 -0.92300E 00 -0.14000E-01 -0.94560E 00
5TH HARMONIC Z MATRIX AFTER ADDING THE FILTER

36 26 36 X 36 JE X J€ 6 3 26 J6 3 JE J6 6 3 J6 96 3 I J€ 6 2 26 6 3 I 6 3 6 I X 3 I J€ 3 36 I 36 36 I J6 6 3 X
0.76600E-01 -0.18650E 01 .67000E-01 -0.19540E 01
0.66800E-01 -0.19540E 01 .76000E-01 -0.18540E 01
0.47000E-01 -0.20263E 01 .50700E-01 -0.20036E 01
0.460000E-01 -0.21707E 01 .41900E-01 -0.21692E 01
0.51200E-01 -0.20470E 01 .50000E-01 -0.20597E 01

.00000E 00 -0.70380E 00 0.82000E-02 -0.56600E 00 0.17000E-01 -0.45160E 00

.51000E-01 -0.20268E 01 0.40800E-01 -0.21700E 01 0.49000E-01 -0.20470E 01
.56700E-01 -0.20000E 01 0.41900E-01 -0.21698E 01 0.48000E-01 -0.20600E 01
.69800E-01 -0.15100E 01 0.55800E-01 -0.17500E 0) 0.54000E-01 -0.17300E 01
.59200E-01 -0.17500E 01 0.64400E-01 -0.17300E 01 0.59000E-01 -0.17420E 01
.58900E-01 -0.17320E 01 0.62000E-01 -0.17624E 01 0.76000E-01 -0.15700E 01

VALUES FOR THE BUS VOLTAGES

13333 333333333333333333333333¢]
V2=REAL V2=IMAGE V3=REAL V3=IMAG VG=REAL V4=IMAG V5=REAL V5=IMAG
1.015666 0.006454 .98156 -0.01427 0.98278 -0.02288 0.96544 -0.05137
.003701 0.00019 .966402 -0.03939
.002862 -0.00331 .93827 -0.08235
.99446492 -0.01116 .92144 -0.10319
.992686 -0.01231 .909648 -0.11717
.989710 -0.01466 .90076 -0.12402
.988417 -0.01495 .89500 -0.12789
.987317 -0.01547 .89090 -0.13006
.9866642 -0.01557 .88819 -0.13130
.986182 -0.01569 .88632 -0.13210
.985867 -0.01574 .88508 -0.13261
.985661 -0.01578 .88424 -0.13296
.985519 -0.01580 .88367 -0.13320
.985425 -0.01582 .88329 -0.13336
.985362 -0.01583 .88303 -0.13346
.985319 -0.01584 .88286 -0.13353
.985290 -0.01584 .88275 -0.13358
.985271 -0.01585 .88267 -0.13362
.985258 -0.01585 .88262 -0.13364
.985249 -0.01585 .88258 -0.13365
.985242 -0.01585 .88255 -0.13366
.985239 -0.01585 .88254 -0.13367
.985236 -0.01585 .88253 -0.13367

POS. SEQ. HARMONIC CURRENT FROM BUS 4
36 36 36 36 36 36 36 36 36 36 36 36 36 36 26 36 3 3 3 36 3 3 3 36 36 36 36 36 36 X I 9006 X X X X X

.95191 -0.07138
.92970 -0.10509
.91303 -0.12597
.90155 -0.13711
.89351 -0.14325
.88799 -0.14654
.88423 -0.164846
.88168 -0.164962
.87996 -0.15036
.87880 -0.15085
.87802 -0.15118
.87750 -0.15141
.87715 -0.15156
.87691 -0.15166
.87675 -0.15173
.87664 -0.15177
.87657 -0.15181
.87652 -0.15183
.87649 -0.15184
.87647 -0.15185
.87645 -0.15186
.87644 -0.15186

.94328 -0.08586
.92459 -0.11290
.91157 -0.12671
.90265 -0.136473
.89630 -0.13892
.89207 -0.14129
.88914 -0.14270
.88718 -0.164357
.88585 -0.14414
.88496 -0.164452
.88636 -0.164477
.88396 -0.164495
.88369 -0.14507
.88350 -0.14514
.88338 -0.164520
.88330 -0.14523
.88326 -0.164526
.88321 -0.14527
.88318 -0.14529
.88316 -0.14529
.88315 -0.164530
.88316 -0.14530

G9

—X-N-N-N-N-N-N-N-N-N-N-N-N-N_N_ N N-N-N—§ ]
¥ -N-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N- NN N
X -N-N-X-N-N-N-N-N-N-N_N-N-N-N- NN NN N

4 XIANId4aY

7.0000000 15.3375600
13.0000000 5.9559940
! 19.0000000 2.0826170
25.0000000 0.3880531
31.0000000 0.6662747
37.0000000 0.6718808
43.0000000 0.3665623
49.0000000 0.0354308

NEG. SEQ. HARMONIC CURRENT FROM BUS 4
133333333333 33333333333333333333333333

5.0000000 43.9190600
11.0000000 6.0948710
17.0000000 0.8117840
23.0000000 1.2960960
29.0000000 1.1579720
35.0000000 0.6136953
41.0000000 0.1760522
47 .0000000 0.2976099



99

“5TH HARMONIC VOLTAGE AT
36 7€ 36 J€ 3 JE X JE 6 36 € JE I I JE 6 3 36 3 36 3 36 %

BUS1 BUS2 BUS3 BUS4G BUSS5
( 0.3320280E 02, -0.3166606E 03) ( 0.3335652E 02, -0.3143286E 03) ( 0.3008455E 02, -0.2532373E 03) ( 0.3109470E 02,
-0.2503387E 03) ( 0.3090146E 02, -0.2520515E 03)

7TH HARMONIC VOLTAGE AT:
(33333333 333333333333333 3

BUS1 BUS2 BUS3 BUS4 BUSS
0.2209 -16.594 -0.2086 -16.632 0.0966 -9.387 0.2607 -6.534 0.1258 -8.681

AFTER ADDING THE FILTER,THE 5TH HARMONIC VOLTAGE AT:
1333333833 3333333333 3338333333383 3338333333333333334¢;¢

BUS1 BUS2 BUS3 BUS4 BUSS5
95.3211800 95.3133000 76.8973900 76.0325400 76.5729800
STATEMENTS EXECUTED= 847
CORE USAGE OBJECT CODE= 20368 BYTES,ARRAY AREA= 27646 BYTES,TOTAL AREA AVAILABLE= 26406288 BYTES
DIAGNOSTICS NUMBER OF ERRORS= 0, NUMBER OF WARNINGS= 0, NUMBER OF EXTENSIONS= 0
COMPILE TIME= 0.10 SEC,EXECUTION TIME= 0.06 SEC, 15.33.06 SATURDAY 25 MAY 91 WATFIV - MAR 1980 v2L0
C$sTOP
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16 BUS TEST SYSTEM WITH PER-UNIT BASES AT BUS 5
S,3PHASE=100MVA, VL-L=115KV,FREQUENCY=60HZ
b3 2333333333333 88333233333 2333333333333333383 838
COMPLEX V1,Vv2,V3,V4,V5,51,52,53,564,55,15,5B1,5B2,5B3,SB4
COMPLEX SBS VVl VV2 Vvs3, VVQ VV5 bvl,DvV2,DV3, DVG DV5 Il 12,13,14
COMPLEX LV15 LVlZ LVZS LV35 LVSQ LIlS LIl2,L123,LI34, LISS LI17
COMPLEX SL12,SL21,SL23,S51L32,5L35,5L53,5L34,5L43,5L15,S5L51,PL12
COMPLEX IH .17 18,19, IlO I11, IHlS IHZS IHSS IHQS IHSS ZS(l6 16)
COMPLEX VH15, VHZS VH35 VH45, VHSS Z(5, 5) Z7(5 5), VH17 VH27, VH37
COMPLEX VH47,VH57,1H17,1H27,1H37, IH67 IH57 IH1H, IH2H, IH3H, THGH
COMPLEX IHSH,VH1H,VH2H,VH3H,VHGH, VH5H,Y(16,16), V6 v7, ZH(l6 16)
COMPLEX V9, VlO Vll v1iz,v13,vl1s, VlS V16,56, S7 S8 S9 SlO S11,S12
COMPLEX 513 516 515 Slé VV6 VV7 VV8 VV9 VV10 VVll VVlZ VVIS 1X:]
COMPLEX VVIQ VVlS Vvi1e, DV6 DV7 DV8 DV9 DVlO DVll DVlZ DVlS DVlQ
COMPLEX DV15,DV16, 21616 VH7H
DIMENSION F(QO),G(QO).H(QO),P(GO).0(40),R(GO),S(GO).T(GO).V(GO)
DIMENSION W(40),L(40)
REAL DL,AL,U,D1,F2,VH8H
COMMON TOL
INTEGER 0,A,B,C,D,E
Z1616=(-.0032,-.0483)%132.25
WRITE (6,%) Z1616
TOL=.00001
vli=(1l.0,
v2=(1.
V3=(1.
VG=(1.
V5=(1.
V6=(1.
V7=(1.
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.0)
$9=(2.05,1.3
$10=(0.00,0.
S11=(0.00,0.0
S12=(0.00,0.00)
513=(-.50,-.02)
S14=(-0.35,-0.03)
S15=(0.00,0.00)
S16=(-1.5,-0.20)
NOBUS=16
A=1
B=2
C=3
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PRINT,
WRITEC6, %) "2HHHNNNNXK"

PRINT ,((Y(J,K),K=1,16),J=1,16)

FORMAT(8E9.46)

WRITE(6,%)" *

WRITE(6,%)'5TH HARMONIC Z MATRIX®

WRITECG, %) " %6532 3 X XN HHHNNNT

PRINT ,»((20J,K),K=1,5),J=1,5)

FORMAT(10E13.5)

WRITE(6,X%)" .

WRITE(6,%)'7TH HARMONIC Z MATRIX'

WRITE (6, %) * 36656 5 3 36 36 3 3 X 3 X XN

PRINT »((250J,K),K=1,16),J=1,16)

WRITE(6,X%) ' '

WRITE(6,%) ' '

WRITE(6,%) 'STH HARMONIC Z MATRIX AFTER ADDING THE FILTER'
WRITECH , %) ¥ %3356 33 36 3 3 36 3 36 36 3 36 J6 3 36 I 3 I6 36 3 J6 JE I I 3 I€ 36 JE I 26 JE 3 36 36 I 36 36 36 36 36 36 36 3¢ ¥
WRITE(6,%) * ’

PRINT » ((ZH(J,K),K=1,16),J=1,16)

FORMAT(10E13.5)

WRITE(6,%)" '

WRITE(6,%)"* s

THIS PART OF THE PROGRAM CALCULATS VALUES FOR THE BUS VOLTAGES

WRITE(6,X%)'VALUES FOR THE BUS VOLTAGES'

WRITE (6, ) " 333 5 5 3 3 5 3 36 3 36 36 3 36 36 3 36 J6 36 36 36 36 JE I J X3¢ ¥

WRITE(6, %) 'V2=REAL V2=IMAGE V5=REAL V5=IMAG V7=REAL V7=IMAG
V16=REAL V16=IMAG"

VV2=(1/Y(2,2))%(CONJG(S2)/(CONJG(V2))-(V1XY(2,1)+V3IXY(2,3)+VGx
- Y(2,6)4V5%Y(2,5)+V6XY(2,6)+V7%Y(2,7)+V8XY(2,8)+VIXY(2,9)+V10x
- Y(2,10)+VI1X%Y(2,11)+4V12%Y(2,12)+V13%Y(2,13)+V16%Y(2,16)+V]15%
. Y(2,15)+V16%Y(2,16)))

DV2=VV2-v2
V2=V2+(1.4%DV2)
VV3=(1/Y(3,3))%(CONJG(S3)/(CONJG(V3))-(VIXY(3,1)+V2%XY(3,2)+VG%

. Y(3,6)+V5%Y(3,5)+V6XY(3,6)+V7%Y(3,7)+V8XY(3,8)+VIXY(3,9)+V10x
< YC3,10)+VI1XY(3,11)+4V12%Y(3,12)+V13%Y(3,13)+V16X%Y(3,14)+V15%
. Y(3,15)4V16%Y(3,16)))

DV3=VV3-V3
V3=V3+(1.4%DV3)
VVG=(1/Y(6,4))%X(CONJG(SG)/(CONJG(VG))-(V1XY(G,1)+V2%XY(G,2)+V3x%

- Y(G,3)+V5%Y(G,5)+V6XY(G,6)+V7XY(G,7)+VEBXY(G,8)+VIXY(4G,9)+V10x%
. Y(G,10)4+V11X%Y(G,11)4V12%Y(6G,12)+V13%Y(6G,13)+V1GXY(4G,16)+V15x%
. Y(6,15)+V16%Y(4,16)))

DV4=VV4-V4
VG=VG+(1.6%DV4)
VV5=(1/Y(5,5))%(CONJG(S5)/(CONJG(V5))-(VIXY(5,1)+V2%Y(5,2)+V3x

. Y(5,3)+Va4x%Y(5,6)+V6XY(5,6)+V7XY(5,7)+V8XY(5,8)+VI%XY(5,9)+V10x
. Y(5,10)+4V1I1%Y(5,11)+V12%xY(5,12)+V13%Y(5,13)+V14%Y(5,14)+V15%
. Y(5,15)+V16%Y(5,16)))
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DV5=VV5-V5
V5=V5+(1.6%DV5)
VV6=(1/Y(6,6))%(CONJG(S6)/(CONJG(VE))-(VIXY(6,1)+V2%Y(6,2)+V3X%

- Y(6,3)+Va%XY(6,G)+V5%Y(6,5)+VIXY(6,7)+VBXY(6,8)+VIXY(6,9)+V10X

- Y(6,10)+V11%Y(6,11)+V12%Y(6,12)+V13%Y(6,13)+V1GXY(6,16G)+V15%

. Y(6,15)+V16%Y(6,16)))

DV6=VV6-Vé

V6=V6+(1.4%DV6)
VV7=(1/Y(7,7))%(CONJG(S7)/(CONJG(V7))-CV1%Y(7,1)+V2X%Y(7,2)+V3x

- Y(7,3)+VaXY(7,4)+V5%XY(7,5)+V6XY(7,6)+VB8XY(7,8)+VI%Y(7,9)+V10%
< Y(7,10)+VI1%Y(7,11)4V1I2%Y(7,12)+VI3%Y(7,13)+V16%Y(7,16)+V15%
. Y(7,15)+V16%Y(7,16)))

DV7=VV7-Vv7
V7=V7+(1.6%DV7)
VV8=(1/Y(8,8))%(CONJG(S8)/(CONJG(VB))-(V1XY(8,1)+V2XY(8,2)+V3%

- Y(8,3)+VaxY(8,64)+V5%Y(8,5)+V6XY(8,6)+VIXY(8,7)+VIXY(8,9)+V10x
- Y(8,10)+V11%Y(8,11)+V12%Y(8,12)+V13x%Y(8,13)+V16GX%Y(8,16G)+V15x
. Y(8,15)+V16%Y(8,16)))

DV8=VV8-vs
V8=V8+(1.6%DV8)
VV9=(1/Y(9,9))%(CONJG(S9)/(CONJG(VI))-(VIXY(9,1)+V2%XY(9,2)+V3x

< Y(9,3)4VGXY(9,6)+V5%XY(9,5)+V6XY(9,6)+V7IXY(9,7)+V8XY(9,8)+V10X
< Y(9,10)+V11X%Y(9,11)+V12%Y(9,12)+VI3%Y(9,13)+V14XY(9,16)+V15%
. Y(9,15)+V16%Y(9,16)))

69

. +V8XY(10,8)+V9xY(10,9)+V11%Y(10,11)+V12%Y(10,12)+V13%Y(10,13

DV9=VV9-V9

V9=V9+(1.4%DV9)

VV10=(1/Y(10,10))%(CONJG(S10)/(CONJG(V10))-(V1X%Y(10,1)+V2X%

- Y(10,2)+V3%Y(10,3)+V4XY(10,4)+V5%Y(10,5)+V6XxY(10,6)+V7%Y(10,7)
)+

. V16%Y(10,16)+V15%Y(10,15)+V16%Y(10,16)))

DV10=VV10-V10

V10=V10+(1.4%DV10)
VV11=(1/Y(11,11))%(CONJG(S11)/(CONJG(V11))-(VIXY(1]1,1)+V2x

- Y(11,2)+4V3%Y(11,3)+V4%Y(11,G)+V5%Y(11,5)+V6XY(11,6)+V7%Y(11,7)
. HUBXY(11,8)+V9%Y(11,9)+V10X%Y(11,10)+VI2%Y(11,12)+4V13%Y(11,13)+

. V16%Y(11,16)+V15%Y(11,15)+V16%Y(11,16)))

Pt ot ot
-
Ll — )

DV11=VV11-V11l
V11=V11+(1.64%DV11)
VV12=(1/Y(12,12))%(CONJG(S12)/(CONJG(V12))-(V1X%Y(12,1)+V2x

. YC(12,2)+V3%Y(12,3)+VaxY(12,6)+V5%Y(12,5)+V6x%Y(12,6)+V7xY(12,

7)
. +VBXY(12,8)+V9X%XY(12,9)+4V10%Y(12,10)+V11%Y(12,11)+V13%Y(12,13)+

. V16x%Y(12,16)+V15%Y(12,15)+V16%Y(12,16)))

Pt ot ot
Pt et et
SN

DV12=VV12-V12
V12=V12+(1.4%DV12)
VV13=(1/Y(13,13))%(CONJG(S13)/(CONJG(V13))-(V1XY(13,1)+V2x

- YC13,2)+V3%Y(13,3)+V4xY(13,64)+V5%Y(13,5)+V6XY(13,6)+V7%Y(13,7)
. FVBXY(13,8)+V9%XY(13,9)+V10%Y(13,10)+4V11%Y(13,11)+V12%Y(13,12)+

Pt ot et
Pt ot ot
~Noanm

. V16%Y(13,14)+V15%Y(13,15)+V16%Y(13,16)))

DV13=VV13-V13

V13=V13+(1.4%DV13)-
VV16=(1/Y(16,16))%(CONJG(S16)/(CONJG(V1G))-(V1XY(16G,1)+V2x

. Y(16,2)+V3%Y(16,3)+VGXY(16,6)+V5%Y(16,5)+V6XY(16,6)+V7%Y(14,7)

. HVBXY(146,8)+VIXY(14,9)+VI0XY(14,10)+V11%Y(16,11)+V12%Y(14,12)+
. V13%Y(146,13)+V15%Y(16,15)+V16%Y(16,16)))

Pt ot ot
AN bt bt
[--1- ]

DV14=VV14-V14

V16=V16+(1.6%DV14G)
VV15=(1/Y(15,15))%(CONJG(S15)/(CONJG(V15))-(V1XY(15,1)+V2x

. Y(15,2)+V3I%XY(15,3)+VGXY(15,4)+V5%Y(15,5)+V6xY(15,6)+V7%Y(15,7)
. +V8XY(15,8)+VIxY(15,9)+V10%Y(15,10)+V11%Y(15,11)+V12%Y(15,12)+

. V13%Y(15,13)+V16%Y(15,14)+V16%Y(15,16)))

d XIAN3ddvw
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DV15=VV15-V15
V15=V15+(1.6%DV15)
VV16=(1/Y(16,16))%(CONJG(S16)/(CONJG(V16))-(VIXY(16,1)+V2x

. Y(16, 2)+V3KY(I6 3)+VaxY(16,4)+V5%Y(16,5)+V6xY(16, 6)+V7¥Y(16 7)

+V8XY(16 8)+V9!Y(16 9)+V10!Y(l6 lO)*Vll!Y(IG ll)+V12lY(16 12)+

V13x%Y(16, lS)*VlQXY(lG 16)+VISXY(16 15)))

DV16= VV16 V1é

V16=V16+(1. GXDVIG)

WRITE (6,%) *

HWRITEC(G, *) 'VZ-REAL V2=1IMAG V5=REAL V5=REAL V7=IMAG
V5=REAL V5=IMAG"

" WRITEC6,%)'  °

WRITE(6,8) V2,V5,V7,V1é
;gRggT(lX ,F8.6,1X,F8.5,2X,F8.5,1X,F8.5,2X,F8.5,1X,F8.5,2X,F8.5,
5)

GG2=ABS(REAL(DV2))
BB2=ABS(AIMAG(DV2))
GG3=ABS(REAL(DV3))
BB3=ABS(AIMAG(DV3))
GG4=ABS(REAL(DV4))
BBG=ABS(AIMAG(DV4))
GG5=ABS(REAL(DV5))
BB5=ABS(AIMAG(DV5))
GG6=ABS(REAL(DV6))
BB6=ABS(AIMAG(DV6))
GG7=ABS(REAL(DV7))
BB7=ABS(AIMAG(DV7))
GG8=ABS(REAL(DV8))
BB8=ABS(AIMAG(DV3))
GG9=ABS(REAL(DV9))
BB9=ABS(AIMAG(DV9Y)
GG10=ABS(REAL(DV1
BB10=ABS(AIMAG(DV
GG11=ABS(REAL(DV1
BB11=ABS(AIMAG(DV
GG12=ABS(REAL(DV1

)
0)
10))
1)
11
2)

BB12=ABS(AIMAG(DV12
3)

13

q)

14

5)

5

)
)
)

GG13=ABS(REAL(DV1
BB13=ABS(AIMAG(DV
GG14=ABS(REAL(DV1
BB14=ABS(AIMAG(DV
GG15=ABS(REAL(DV1
BB15=ABS(AIMAG(DV1
GG16=ABS(REAL(DV16))
BB16=ABS(AIMAG(DV16))
IF(GG1.GT.TOL) GO TO
IF(GG2.GT.TOL) GO TO
IF(BB2.GT.TOL) GO TO
IF(GG3.GT.TOL) GO TO
IF(BB3.GT.TOL) GO TO
IF(GG4.GT.TOL) GO TO
IF(BBG.GT.TOL) GO TO
IF(GG5.GT.TOL) GO TO
IF(BB5.GT.TOL) GO TO
F(GG6 .GT.TOL) GO TO
F(BB6.GT.TOL) GO TO
F(GG7.GT.TOL) GO TO
F(BB7 .GT.TOL) GO TO
F
F

)
)
)
)
)
)
)
)
)
))
)

)

)

(GG8.GT.TOL) GO TO
(BB8.GT.TOL) GO TO

Pt Pt et P o e Ptk Pt e P Pt et
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198
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" WRITE(6,%)

IF(GG9.GT.TOL) GO TO 1
F(BB9.GT.TOL) GO TO 1
IF(GG10.GT.TOL) GO TO
IF(BB10.GT.TOL) GO TO
IF(GG11.GT.TOL) GO TO
IF(BB11.GT.TOL) GO TO
IF(GG12.GT.TOL) GO TO
IF(BB12.GT.TOL) GO TO
IF(GG13.GT.TOL) GO TO
IF(BB13.GT.TOL) GO TO
IF(GG14.GT.TOL) GO TO
IF(BB14.GT.TOL) GO TO
IF(GG15.GT.TOL) GO TO
IF(BB15.GT.TOL) GO TO
IF(GG16 .GT.TOL) GO TO
IF(BB16.GT.TOL) GO TO
THIS PART OF THE PROGRAM CALCULATES THE POWER AT EACH BUS

+(V2%Y(1,2))+(V3I%Y(1,3))+(VGaxY(1 YH(V5xY(1
+(V2XY(2,2))+(V3%Y(2,3))+(VGxY(2 )+(V5x%Y(2
+(V2%Y(3,2))+(V3I%Y(3,3))+(V4GxY(3 YJH(V5%Y(3
+(V2%Y(6,2))+(V3I%Y(G,3))+(VGXxY(4 Y)H(V5%Y(4

5 5

) 1
[

P ot ot et P Pt ot Pt ot ot ok ot o ot

+(V2xY( ))+(V3!Y(5.3))+(V4XY( )+(V5%Y(
7%Y(5,7 VBXY(5,8))+(V9%Y(5,9 V10xY(5,

)

)

)

)

) 5
V6xY(5, v ))+(
+(V121Y(g 2))+(V13!Y(5,13))+(V1 5,14))+
i 4
5=
I
I

(V11xY(5,
(V15%Y(5,

’
)

2
+
1
(V16X%Y(5,16))

WRITE(6,%) I
SB1=V1%CONJG(I1)
SB2=V2%CONJG(I2)
SB3=V3XCONJG(I3)
SBG=VGXCONJG(I4)
SB5=V5%CONJG(I5)
THIS PART OF THE PROGRAM CALCULATES THE RMS VALUE OF EACH CHARAT.
HARMONIC CURRENT

WRITE(6,%) 'VALUE FOR Vé6'
I7=11%618.3698
I18=12%618.3698
19=13%618.3698
I10=16%418.3698
I111=15%502.3698
VB = V5 %115000
WRITE(6,%) ' ’
WRITE(6,%) ' '
WRITE(6,%) 'POS. SEQ. HARMONIC CURRENT FROM BUS 5°'
WRITECGE , %) " %366 56 5 3 5 5 3 3 3 36 I I I I I IE I I I I IE I IE I IE I I I I I I 3 3 ] ) ¢ ¥
U= ((45.07180.0)%3.16416)
AL=((25.0/180.0)%3.16416)
DL= ((57.37180.0)%3.1416)
17=1700.0
po 15 I1-=1,8
X=(6X%XI)+1
FCI)= (CCSINC(X-1)%(U/2))/7(X-1))%%2)+
CCSINCX+1)%(U/72))/7(X+1))%x2
=2X((SINC(X-1)%(U’72))/7(X-1))%(SINC(X+1)%(U/2))/(X+1)))%COS((2
¥AL)+U) )xx0.5
D1=COS(AL)-COS(DL)
LCI)=(2.6695%(56.1)%F(I))/(3.1641%X%(COSCAL)-COSCAL-U)))

d XIAN3IddY
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201
202

203
205

206
207
208
209
210
211
212
213
214

215
216

217
218
219
220

221
222
223
224

225
226
227
228
229
230
231
232
233
234

235

cc

16

cc

25

20

[glzle]

G(I)=(1.7321%VBXF(I))/(3.1616%377.0%0.21%X)
WRITE(6,%) X,G(I)
WRITE(6,%) G(1)
DO 16 I=1,8
X=(6%I)+1
RCID= CCCSINCC(X-1)%(U/2))/7(X-1))%¥%2)+
(CSINCX+1)%(U/2))/7(X+]1))%x%2
—2X((SINC(X-1)%(U/2))/7(X-1))%(SINC(X+1)%(U/2))/7(X+1)))%COS((2
XAL)+U))xx%0.5
D1=COS(CAL)-COS(DL)
LCI)=(2.6695%(56.1)%FCI))/(3.161%X%(COSCAL)-COSCAL-U)))
Q(I)=(1.7321%V5%R(I))/(3.16416%377.0%0.21%X)
CONTINUE
WRITE(6,%) * !
WRITE(6,%) 'NEG. SEQ. HARMONIC CURRENT FROM BUS 5°
WRITECG , %) ¥ 336336 36 36 36 3 36 3 36 3 36 JE 36 3 36 3 36 JE J€ JE 36 JE 36 JE 36 JE I€ 3E 36 36 36 36 36 36 36 3¢ ¥
WRITE(6,%)" L
Do 25 J-=1,8
X=(6%J)-1
WCJ)= CCCSINCCX-1)%(U’72))/7(X-1))%%2)+
(CSINCX+1)%(U/Z72))/7(X+]1))%%x2
=2X((SINC(X-1)%(U’/72))/7(X-1))%(SINC(X+1)%(U’/2))/7(X+1)))XCOS((2
XAL)+U) ) xx0.5
D1=COS(AL)-COS(DL)
T(J)=(2.66495%(56.1)%W(J))/(3.141%X%X(COSCAL)-COSCAL-U)))
S(J)=(1.7321%VBXW(J))/(3.1616%377.0%0.21%X)
WRITE(6,%) X,S(J)
WRITE(6,%) S(1)
WRITECG, %) " 3662 36 3 3 26 3 6 36 3 36 JE 3 J€ J€ 3 36 36 3 I€ JE JE I JE 3 36 JE 36 36 36 JE 36 36 JE I 36 JE 36 36 3E 36 36 36 6 I 3 3 )6 3¢ ¥
po 20 J-=1,8
X=(6%J)-1
H(J)= CCCSINCCX-1)%(U/72))/7(X-1))%%2)+
(CSINCX+1)%(U/72))/7(X+]1))%x%2

. —2X((SINC(X-1)%(U’72))/7(X-1))%C(SINCCX+1)%(U/2))/7(X+]1)))%COS((2

XAL)+U))x%0.5

D1=COS(AL)-COS(DL)

IH=(F2%17)/(X%D1)

P(J)=(1.7321%VBXxH(J))/(3.1616%377.0%0.21%X)

CONTINUE

WRITE (6,%) 'IH5 = °

WRITE (6,X%) P(1)

THIS PART OF THE PROGRAM CACULATE THE RMS VALUE OF THE HARMONIC
VOLTAG ON EACH BUS CAUSED BY THE 5TH HARMONIC OF BUS 6

3 36 36 36 36 36 JE X 3 26 26 3 36 36 3 36 3 3 JE JE 3 J€ 3€ 36 J€ 3 3 I€ 36 3 36 J€ JE I€ JE 3 I IE 3 I€ JE 3 I€ JE 3 € I€ JE I 36 IE I I€ I€ 3 J€ € 3 36 I 36 36 36 X
IH15=¢(0.0,0.0)

IH25= (0.0,0.0)

IH35=(0.0,0.0)

IH45= (0.0,0.0)

IH55= P(1)

VH15=((Z5(1,1)%IH15)+(Z5(1,2)%IH25)+4(Z5(1, 3)%IH35)+(Z5(1,4)%IHGS
)+(Z5(1,5)%IH55))

VH25=((Z5(2,1)%IH15)+(Z5(2,2)%IH25)+(Z5(2, 3)%IH35)+(2Z5(2,4)%IH45
)+(Z5(2,5)%IH55))

VH35=((Z5(3,1)%IH15)+(Z5(3,2)%IH25)+(Z5(3, 3)%XIH35)+(Z5(3,6)%IHGS5
)+(Z5(3,5)%IH55))

VH45=((Z5(4,1)%IHI5)+(Z5(6,2)%IH25)+(Z5(G, 3)%TH35)+(Z5(6G,4)%IH45
)+(Z5(46,5)%IH55))

VH55=((Z5(2,1)%IH15)+(Z5(2,2)%IH25)+(Z5(5, 3)%IH35)+(Z5(5,G)%IHG5

)+ (25(5,5)%IH55))
VX15=ABS(REAL(VH55))

d XIAN3Idd¥
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250

251
252
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254

255
256

(zlzlisizsisizisizsisisisisisizsisinisizsisizsizsizizsizsisisislisizisininis]

VX25=ABS(AIMAG(VH55))
VX35=((VUX15)%%2)+(VX25)%%2
VX45=SQRT(VX35)

WRITE(6,%) * '

WRITE(6,%)'5TH HARMONIC VOLTAGE AT:!
WRITEC6 , %) * 232 3 3 36 3 3 3 3 36 3 36 36 3 36 36 3 36 3 6 3 3¢
WRITE(6,%)" BUS5 = ¢

WRITE(6,%) ' .

WRITE(6,%) VXG5

Cccc FORMAT(IX F8.64,1X,F9.3,2X,F8.4,1X,F9.3,2X,F8.6,1X,F9.3,2X,F8.4,

1X,F9.3, ZX F8.64,1X,F9.3)

THIS PART OF THE PROGRAM CACULATE THE RMS VALUE OF THE HARMONIC
VOLTAG ON EACH BUS CAUSED BY THE 7TH HARMONIC OF BUS §
xx:;x:;x:x:!:§xxxxxxxxxx!xxxxx!!xluux!xxxxxxxxix!!xn!xxxxxxxxxxx
IH

IH27=(0.0,0.0)

IH37=(0.0,0.0)

IHG7= Q(1)

IH57=(0.0,0.0)

VH17=((Z7(1,1)%XIH17)+(Z7(1,2)%IH27)+(Z7(1,3)%XIH37)4(Z7(1,G)%XIHG7
)+(Z7(1,5)%IH57))

VH27=((Z7(2,1)%IH17)+(Z7(2,2)%IH27)+(Z7(2,3)%IH37)+4(27(2,6)%XIHG7
)+(Z7(2,5)%IH57))

VH37=((Z7(3,1)%IH17)4(Z7(3,2)%IH27)+(Z7(3,3)%IH37)+(Z7(3,4)%IHG7
)+(Z7(3,5)%IH57))

VH47=((Z7(4.1)XIH17)+(Z7(4 2)%IH27)+(27(6, 3)%IH37)+(27(6,6)%IHG7
)+(Z7(4,5)%IH

VH57=((Z7(5.1)XIH17)+(Z7(5 2)%XIH27)+(Z7(5,3)%IH37)+4(Z27(5,6)%IHG7

. )+ (Z7(5.5)XIH57))
WRITE(6, %)

WRITE(6,%) ' '
WRITE(6,%)'7TH HARMONIC VOLTAGE AT:*
WRITEC6 , ) " 33263363636 3 3 X 3 3 3 3 3 3 3 3 36 36 36 36 36 36 3¢ ¥

WRITE(6, %) BUS1 BUS2 BUS3
s BUS4 BUSS'

WRITE(6,%) ' v

WRITE(6,%) ' e

WRITE(6,4) VH17,VH27,VH37,VHG7,VH57
FORMAT(IX F8.4, lX F9.3,2X,F8.4,1X,F9.3,2X,F8.64,1X,F9.3,2X,F8.4,
1X,F9.3, ZX F8. 4 lX F9.3)

' THIS PART OF THE PROGRAM CACULATE THE RMS VALUE OF THE HARMONIC

VOLTAG ON EACH BUS CAUSED BY THE 7TH HARMONIC OF BUS 4
36 36 36 6 € JE 26 36 36 36 36 6 6 3 JE 36 36 3€ JE J€ 36 36 36 36 36 6 3 3 3 3 3E 3 3 36 I 2 26 26 36 36 6 6 3 JE JE J€ 36 26 36 36 36 36 36 36 36 36 6 6 3 36 36 36 3 X
IH1H=(0.0,0.0)

IH2H=(0.0,0.0)

IH3H=(0.0,0.0)

IH4H=(0.0,0.0)

IH5H= P(1)

VHIH=((ZH(]1,1)%XIHIH)+(ZH(1,2)%IH2H)+(ZH(1, 3)%IH3H)+(ZH(1,G)XIHGH
J+(ZH(1,5)%IH5H))

VH2H=((ZH(Z'I)XIHIH)+(ZH(2 2)%TH2H)+(ZH(2, 3)XIH3H)+(ZH(2, G)%XIHGH
)+(ZH(2,5)%IH5H))

VH3H=((ZH(S,I)XIHIH)+(ZH(3 2)%IH2H)+(ZH(3, 3)XTH3H)+(ZH(3, G )XIHGH
)+(ZH(3,5)%IH5H))

VHGH=((ZH(G,1)XIH1H)+(ZH(G,2)%XIH2H) +(ZH(G, 3)XIH3H)+(ZH( G, G)XIHGH
J+(ZH(G,5)%IH5H))

VH5H=((ZH(5, 1) XIH1IH)+(ZH(5,2)%IH2H) +(ZH(5, 3)XIH3H)+(ZH(5, G)XIHGH

)+ (ZH(5,5)%IH5H))

" VH1L=ABS(REAL(VHIH))

VH2L=ABS(AIMAG(VH1H))

d XIANIddY
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257 VH3L=C(VHIL)%%2)+((VH2L ) %X%2)

258 VH6H=SQRT(VH3L)
(o VHI10H= ((COSC(VH7H)/(VH6H)))/(SINC(VHTH)/(VHEH))))
259 VHGL=ABS(REAL(VH2H))
260 VH5L=ABS(AIMAG(VH2H))
261 VH6L=((VHGL)%%2)+( (VH5L ) %%2)
262 VH7H=SQRT(VH6L)
Cc VH10H= ((COSC((VH7H)/(VH6H)))/(SINC(VHTH)/(VHEH))))
263 VH7L=ABS(REAL(VH3H))
264 VHBL=ABS(AIMAG(VH3H))
265 VHIL=C(VH7L)%%2)+( (VHBL ) %x%2)
266 VH8H=SQRT(VHIL)
cc VHI10H= ((COSCC(VH7H)/(VH6H)))/(SINC(VHTH)/(VHEH))))
267 VH1F=ABS(REAL(VHGH))
268 VH2F=ABS(AIMAG(VHGH))
269 VH3F=((VH1F)%%2)+((VH2F)%%2)
270 VH9H=SQRT(VH3F)
c VH10H= ((COSC((VH7H)/(VH6H)))/(SINCC(VH7H)/(VHEH))))
271 VHGF=ABS(REAL(VH5H))
272 VH5F=ABS(AIMAG(VHSH))
273 VH6F=((VHGF)%%2)+((VH5F)%%2)
276 VH7F=SQRT(VH6F)
275 WRITE(6,%)" !
276 WRITE(6,%) ' '
277 WRITE(6,%)'AFTER ADDING THE FILTER,THE 5TH HARMONIC VOLTAGE AT:'
278 WRITE (6, 3) ¥ 33363 336 3 36 3 3 3 36 3 36 3 36 3 36 3 36 3 36 3 36 3 36 3 JE 3 J€ 36 36 36 36 3 J6 3 36 6 IE 36 36 36 36 26 3 I X ) 3¢ ¥
279 WRITE(6,%)"* BUSS5 ="
280 WRITE(6,%) ' :
281 WRITE(6,%) ' !
282 WRITE(6,%) VH7F

FORMAT(1X,F8.64,1X,F9.3,2X,F8.64,1X,F9.3,2X,F8.64,1X,F9.3,2X,F8.46,
. 1X,F9.3,2X,F8.64,1X,F9.3)
DO 25 J=3,15
X=J
QCJ)= C(CCSINC(X-1)X%(U/2))/7(X-1))%%2)+
. (CSINCX+1)%(U’72))/7(X+1))%x2
. —2XC(SINC(X-1)%(U’72))/7(X-1))%(SINC(X+1)%(U/2))/7(X+1)))X%COS((2
. XAL)+U))xx0.5
D1=COS(AL)-COS(DL)
R(J)=( 62.7633%3.1616%X%X(COS(AL)-COSCAL-U))/(2.64695%Q(J)))
R(J)=(Q(JIXI9 )/ (X%D1l)
5 WRITE(6,%) J,R(J)
WRITE(6,%) 'HARMONIC FROM IG'
DO 30 J=3,20
X=J
S(J)= C(C(SINC(X-1)%(U/2))/7(X-1))%%2)+
((SINCX+1)%(U/72))/7(X+]1))%x2
. —2XC(SINC(X-1)%(U/72))/7(X-1))%(SINC(X+1)%(U/2))/7(X+1)))%COS((2
¥AL)+U) ) %%0.5
D1=COS(AL)-COS(DL)
IH=(F2%I7)/(X%D1)
T(J)=(2.669%(261.79)%S(J))/(3.1616%X%(COSCAL)-COSC(AL+U)))
0 WRITE(6,%) J,T(J)
WRITE(6,%) "HARMONIC FROM IS'
Do 35 J=3,8

X=J

V(J)= (CCSINCOX-1)%(U’Z72))/7(X-1))%%2)+
(CSINCX+1)%(U/72))7(X+1))%x%2

-2%((SINC(X-1)%(U’72))/7(X-1))%(SINC(X+1)%(U/2))/(X+1)))%XCOS((2

XAL)+U))%%0.5
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3817999E 02)

.7600000E 00,

5438000E 02)

.8700000E 00,

5TH HARMONIC Z MATRIX AFTER ADDING THE FILTER
3626 36 36 36 36 € 3 3 JE 3€ 26 26 36 J€ 36 36 36 36 36 36 36 36 € 3 3 J€ 26 X D€ 36 € JE 36 36 26 26 36 36 36 ¢ 3 3 36 3¢ )¢

(
(
(

(

.6210000E

8211000E
3640000E
1539800E
5810000E
1165000E
3550000E
1301300E

.G460000E

1256500E
4380000E

o1,
02)
01,
03)
01,
03)
01,
03)
o1,
03)
o1,

(
(
(
(
(

0.9336000E 02) (
0.1720000E 01,
-0.1035900E 03) ¢
0.4430000E 01,
-0.1191800E 03) (
0.4280000E 01,
0.5892999E 02) (
0.3930000E 01,
-0.1602300E 03) (
0.4280000E 01,
-0.2161000E 02) (

0.
0.
0.
0.
-0.
0.

5750000E 01,
2928000E 02)
3930000E 01,
1596500E 03)
5880000E 01,
8211000E 02)
2200000E 01,
1301300E 03)
4410000E 01,
8211000E 02)
1400000E 01,

-0.3973000E 02) ( -0

( -0.6300000E 00, -0
-0.4946001E 02) C -0.
( 0.3000000E 00, -O.

-0.16456000E 02) ( ©

( -0.3000000E-01, -0O.
-0.5334000€ 02) C -0.
( -0.5500000E 00, -0

( 0.3100000E 00, -0
-0.2953999E 02) ( -0
( -0.7600000€E 00, -O.
-0.3373000E 02) ( -0.
( 0.1160000E 01, -0

( -0.5900000E 00, -0O.
-0.5399001E 02) C -0.
( -0.1700000E 00, -0O.

-0.2816000E 02) ( 0

( 0.8800000E 00, -O.
-0.4739000E 02) ( -0
( -0.5900000E 00, -0O.

( 0.1840000E 01, 0

-0.4848000E 02) ( -0
( -0.1020000E 01, ~-O.
-0.5320000E 02) ( -0.
( 0.3000000E 00, ~-O.

0.3489000E 02) ( 0.

( -0.6800000E 00, -0
-0.5664000E 02) ( -0
( -0.5000000E-01, -0O.
-0.1664999E 02) ( 0.
( -0.2700000E 00, -0O.
-0.1529000E 02) ¢ -0.
( -0.3500000E 00, -O.
-0.5159000E 02) C( -0
( -0.6900000E 00, -oO.

0.6860000E 01) ¢ O

( -0.2300000E 00, -O.
-0.5006000E 02) ¢ -0
( -0.7500000E 00, -0

-0.1165000E 03) ¢ 0.

( 0.3550000E 01,
( 0.4460000E 01,

( 0.4430000E 01,
( 0.4280000E 01,

.2200000E
.4769001E

.7600000E

.G892000E
-0.2377000E 02) ¢ 0.
.2816000E
.8000000E

.6320000E
-0.2919000E 02) ¢ O.

.8600000E
.6500000E

-0.3530000E 02) ( 0O.
.7120000E
.8300000E

.4795000E
.6200000E

.8000000E
.8200000E

.8600000E
.G928999E
-0.5171001E 02) ¢ 0O.

.5892999E
-0.1301300E 03) ¢ 0.
.1602300E
-0.1256500E 03) ( 0.
( 0.4280000E 01, 0.
-0.6825000E 02) ( 0.
.1539800E
-0.1615600E 03) ( 0.
.8211000E
-0.13648000E 02) ¢ 0.

0o,

1300000E
3362000E

oo,
3542999E
7600000E 0O,

7600000E 00,
00,
5062999E
1800000E 00,
3000000E
5438000E
9200000E
3973000E

0o,
00,

00,
1664999E
00,
4745000E
3000000E 0O,
0o,
5617999E
2100000E
2930000E
2160000E

3572000E
1860000E
4905000E
1500000E
4064000E

01,
00,
00,
4864999E
0o,
3817999E
0o,

1280000E 01,

4280000E 01,
3930000E 01,
5750000E 01,
8211000E
3640000E 01,
5810000E 01,

3120000E 01,

02) «
02) ¢
02) ¢
02) ¢
02) (
02) (
01) (
02) (
02) (
02) (
02) (
01) ¢
02) (

02) (
02) (
02) ¢
02) ¢
02) ¢

02) (
03) ¢
02)
03) ¢
02) (

-0.4119000E 02) ¢ -0.2100000E 0O,

-0.7600000E 00,
-0.4155000E 02) (
0.1060000E 01,
-0.1456000E 02) (
-0.5000000E-01,
-0.5042999E 02) (
0.4000000E-01,
-0.1456000E 02) (
0.3000000E 00,
-0.5159000E 02) (
-0.5600000E 00,
-0.4271001E 02) (
0.1160000E 01,
-0.2930000E 02) (
-0.5800000E 00,
-0.5399001E 02) (
0.0000000E 00O,
-0.1587000E 02) (
-0.6200000E 00,
-0.4739000E 02) (
-0.7800000E 00,
-0.2919000E 02) (
0.1840000E 01,
-0.5110001E 02) (
-0.1010000E 01,
-0.4136000E 02) (
0.3800000E 00,
0.3517000E 02) (
-0.6800000E 00,
-0.4802000E 02) (
0.2900000E 00,
0.7210000E 01) ¢
-0.8700000E 0O,
-0.3622000E 02) ¢
-0.6300000E 00,
-0.5159000E 02) ¢
-0.7200000E 0O,
-0.1612000E 02) (
-0.5500000E 00,
-0.5334000E 02) (
-0.8300000E OO,
0.6860000E 01) (

-0.8211000E 02) ¢
0.2200000E 01,
-0.1301300E 03) (
0.46410000E 01,
-0.1165000E 03) (
0.1710000E 01,
-0.1035900E 03) (
0.4430000E 01,
-0.1191800E 03) (
0.4890000E 01,
-0.1817999E 02) (

-0.
-0.

0.
-0.
-0.
-0.

0
-0.
-0.
-0.

0.
-0.

0.
-0.
-0.
-0.

0.
-0.
-0.
-0.

0.

0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.

0.
-0.
-0.
-0.
-0.
-0.

0
-0.
-0.
-0.

0.

0.
-0.
0.
-0.
0.
0.
0.
-0.
0.
0.
0.

0.5006000E 02)

1200000E 00,
1118000E 02)
0000000E 0O,
3572000E 02)
7600000E 00,
3373000E 02)

.1320000E 01,

2919000E 02)
5900000E o0,
4892000E 02)
5500000E 00,
6320000E 01)
2900000E 0O,
4571001E 02)
5300000E o0,
3605000E 02)
8800000E 00O,
4675999E 02)
1020000E 01,
5300000E 02)
3000000E 00,
7150000E 01)
6500000E 00,
5617999E 02)
3000000E-01,
1650999E 02)
6900000E 00,
4795000E 02)
8100000E o0,
2953999E 02)
2160000E 01,
5171001E 02)
1500000E 00,
4769001E 02)
6200000E 00,
4905000E 02)

.8200000E 00,

4628000E 02)
9500000E 00,
5110001E 02)
5640000E 01,

4280000E 01,
6825000E 02)
4430000E 01,
1615600E 03)
5750000E 01,
2928000E 02)
3930000E 01,
1596500E 03)
5880000E 01,
3830000E 01)
1870000E 01,
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11

(
(

-0
0

0.
0.

-0.
0.
-0.
0.
-0.
0.
-0.
0.
-0.
0.
-0.
0.
-0.
0.
0.
0.
-0.
0.
-0.
0.
-0.
0.
-0.
0.
-0.
0.
-0.
0.
-0.
0.
-0.
0.
-0.
0.
-0.
0.
-0.
0.
-0.
0.
-0.
0.
-0.
0.
-0.
0.
-0.
0.
-0.
0.
-0
0.
-0.
0
-0.
0.

.G122000E
.3670000E
1089000E
4280000E
1348000E
3280000E
1076100E
4390000E
1348000E
8700000E
2300000E
1790000E
5892999E
1170000E
4389999E
3620000E
6028000E
1870000E
2567000E
2900000E
6559000E
3640000E
6639999E
4630000E
9182001E
3660000E
1301300E
3010000E
5310001E
5180000E
1403600E
3280000E
4092000E
5090000E
1187900E
4430000E
3123000E
5090000E
1362600E
4360000E
1076100E
2780000E
1173900E
7040000E
1602300E
1800000E
9555000E
7050000E
1639100E
3680000E
7536000E
5170000E
9109000E
5810000E

.8600000E

3660000E
1575200E

.6260000E

1256500E
3660000E

02) ( 0.3000000E 01,

01,
03) (
01,
02) (
o1,
03) (
01,
02) (
00,
02) ¢
01,
02) (
01,
02) (
01;
02) (
01,
02) (
o1,
02) (
01,
02) (
01,
02) ¢
01,
03) (
01,
02) (
.01,
03) ¢
01,
02) (
01,
03) (
01,
02) ¢
o1,
03) ¢
01,
03) (
01,
03) (
01,
03) (
01,
02) (
01,
03) (
01,
02) (
01.
02) (
01,
02) (
01,
03) ¢
01,
03) (
01,

0.1037900E 03) ¢
0.4330000E 01,
-0.8211000E 02) ¢
0.3120000E 01,
-0.8555000E 02) (
0.3710000E 01,
-0.8856000E 02) (
0.1400000E 01,
-0.6310000E 01) (
0.1760000E 01,
-0.3277000E 02) (
0.3550000E 01,
-0.5600000E 01) (
0.3010000E 01,
-0.76445000E 02) (
0.3670000E 01,
-0.4122000E 02) (
0.2130000E 01,
-0.4092000E 02) (
0.2780000E 01,
-0.1035900E 03) (
0.1400000E 01,
0.2928000E 02) (
0.4510000E 01,
-0.1059700E 03) (
0.3280000E 01,
0.5789999E 02) (
0.5450000E 01,
-0.1178200E 03) (
0.3930000E 01,
-0.8555000E 02) (
0.4560000E 01,
-0.1132200E 03) (
0.3940000E 01,
-0.1539800E 03) (
0.3370000E 01,
-0.1132200E 03) (
0.6020000E 01,
-0.1660700E 03) (
0.3690000E 01,
-0.6535001E 02) (
0.6000000E 01,
-0.1185500E 03) (
0.4460000E 01,
-0.3250000E 02) (
0.5180000E 01,
-0.1175800E 03) (
0.4370000E 01,
-0.1089000E 03) (
0.2780000E 01,
-0.1187900E 03) (
0.1439000E 02,
-0.1191800E 03) (
0.1740000E 01,
-0.1059700E 03) (
0.4440000E 01,
-0.9981000E 02) (
0.4390000E 01,
-0.6356000E 02) (

.6639999E
.3690000E
.8400000E
.G380000E
.1817999E
.3280000E
.1080000E
.1720000E
.13648000E
.1400000E
.3123000E
.1740000E
.5892999E
.2680000E
.5789999E
.3440000E
.6356000E
.1870000E
.5600000E
.27640000E
.6613000E
.3640000E
.1562000E
.G6560000E
.9520000E
.3640000E
.8550999E
.2900000E
.6897000E
.5170000E
.1301300E
.1580000E
.5711000E
.5160000E
.1131200E
.3660000E
.7180000E
.5090000E
.1367600E
.G6430000E
.1076100E
.4510000E
.1362600E
.G460000E
.1602300E
.3660000E
.1178200E
.7360000E
.1728100E
.3680000E
.6613000E
.6000000E
.2635001E
.5810000E
.2995000E
.3940000E
.1633200E
.6390000E
.8856000E
.2190000E

02)
o1,
02)
01,
02)
01,
03)
o1,
02)
01,
02)
01,
02)
01,
02)
01,
02)
01,
00)
01,
02)
01,
02)
01,
02)
01,
02)
01,
02)
o1,
03)
01,
02)
01,
03)
01,
02)
01,
03)
01,
03)
01,
03)
01,
03)
01,
03)
01,
03)
01,
02)
01,
02)
01,
02)
01,
03)
01,
02)
o1,

(
(
(
(
(
(
(
(

¢

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

0.3280000E 01,
0.1076100E 03) (
0.4390000E 01,
-0.2160001E 02) (
0.1870000E 01,
-0.8555000E 02) (
0.3680000E 01,
-0.2928000E 02) (
0.5800000E 00O,
-0.1562000E 02) (
0.1790000E 01,
-0.2995000E 02) (
0.3120000E 01,
0.2200000E 00) (
0.3010000E 01,
-0.76472000E 02) (
0.2200000E 01,
-0.64122000E 02) (
0.2890000E 01,
-0.6303000E 02) (
0.2210000E 01,
-0.1035900E 03) (
0.2630000E 01,
-0.5711000E 02) (
0.4530000E 01,
-0.1117200E 03) (
0.3280000E 01,
-0.4092000E 02) (
0.5090000E 01,
-0.1187900E 03) (
0.3930000E 01,
-0.2300000E 02) (
0.5450000E 01,
-0.1173900E 03) (
0.3880000E 01,
-0.1037900E 03) (
0.2740000E 01,
-0.1132200E 03) (
0.6000000E 01,
-0.1596500E 03) (
0.1790000E 01,
-0.9520000E 02) (
0.7020000E 01,
-0.1633200E 03) (
0.3710000E 01,
-0.7472000E 02) (
0.5180000E 01,
-0.9034000E 02) (
0.4610000E 01,
-0.1089000E 03) (
0.4520000E 01,
-0.1379000E 03) (
0.4420000E 01,
-0.1191800E 03) (
0.3600000E 01,
-0.1331200E 03) (
0.4470000E 01,
-0.1052400E 03) (
0.4390000E 01,
-0.7360001E 02) (

0.
0.
-0
0
-0
0
-0
0
0
0
-0
0
-0
0
-0
0
-0
0
-0
0
0
0
-0
0
-0
0
-0
0
0
0
0.
0
-0
0
-0
0
-0
0
-0
0
-0
0
-0
0
-0
0
-0
0
-0
0
-0
0
-0
0
-0
0
-0
0
-0
0.

8555000E
3710000E

.8856000E
.G380000E
.G6122000E
.3670000E
.1089000E
.1710000E
.3910000E
.1580000E
.3238000E
.1770000E
.1817999E
.1690000E
.5789999E
.3430000E
.6825000E
.8700000E
.2283000E
.2780000E
.6981000E
.3000000E
.G389999E
.6560000E
.9555000E
.3930000E
.8555000E
.4560000E
.1132200E
.3940000E

1301300E

.3010000E
.6897000E
.5180000E
.1403600E
.3660000E
.6303000E
.5920000E
.1379000E
.G430000E
.3238000E
.5160000E
.1171500E
.G340000E
.1080000E
.2790000E
.1178200E
.7370000E
.1615600E
.1790000E
.9634000E
.7040000E
.1652700E
.G6330000E
.6028000E
.39640000E
.1639100E
.5880000E
.8856000E

3640000E

02) ¢
01,
02) ¢
o1,
02) ¢
01,
03) (
o1,
01) ¢
o1,
02) (
01,
02) (
01,
02) ¢
01,
02) (
0o,
02) (
01,
02) (
01,
02) (
ol'
02) ¢
01,
02) ¢
01,
03) ¢
01,
03) ¢
01,
02) (
o1,
03) (
o1,
02) (
01,
03) (
01,
02) ¢
o1,
03) (
01,
03) ¢
01,
03) ¢
01,
03) ¢«
01,
02) ¢
01,
03) (

03) ¢
o1,
02) (
01,

0.3280000E 01,
-0.1080100E 03) ¢
0.4280000E 01,
-0.2160001E 02) (
0.3000000E 01,
-0.1037900E 03) ¢
0.4330000E 01,
-0.2928000E 02) (
0.1170000E 01,
-0.2300000E 02) ¢
0.1800000E 01,
-0.3158000E 02) (
0.3120000E 01,
-0.2567000E 02) (
0.3370000E 01,
-0.7534000E 02) (
0.2200000E 01,
0.6310000E 01) (
0.2900000E 01,
-0.6535001E 02) (
0.2190000E 01,
-0.6639999E 02) (
0.2890000E 01,
0.5711000E 02) (
0.4520000E 01,
-0.1301300E 03) (
0.1580000E 01,
-0.5711000E 02) (
0.5160000E 01,
-0.1331200E 03) (
0.3280000E 01,
-0.5789999E 02) (
0.5450000E 01,
-0.1178200E 03) ¢
0.4430000E 01,
-0.1037900E 03) (
0.4450000E 01,
-0.1314300E 03) (
0.4450000E 01,
-0.1596500E 03) (
0.3420000E 01,
-0.1173900E 03) (
0.7050000E 01,
-0.1721800E 03) (
0.3710000E 01,
-0.6559000E 02) (
0.6020000E 01,
-0.9109000E 02) (
0.4410000E 01,
-0.3277000E 02) ¢(
0.5170000E 01,
-0.1185500E 03) (
0.4310000E 01,
-0.8400000E 02) (
0.2210000E 01,
-0.1331200E 03) (
0.4420000E 01,
-0.1256500E 03) (
0.1770000€E 01,
-0.1172100E 03) (

-0.

0.
.6639999E

0.
-0.
.1400000E
-0.
.1580000E
.3250000E
.3550000E
.1817999E
.2680000E
.7180000E
.3600000E
.6825000E
.1690000E
.4092000E
.2790000E
.7360001E
.3000000E
.2283000E
.GG650000E
.9636000E
.3930000E
.2300000E
.5610000E
.1173900E
.3880000E
.8555000E
.2900000E
.6897000E
.5170000E
.1539800E
.1760000E
.9182001E
.6000000E
.1575200E
.3690000E
.7645000E
.5160000E
.1175800E
.G6460000E
.1080000E
.G6530000E
.1367600E
.G470000E
.1615600E
.3430000E
.1187900E
.7370000E
.176426400E
.6330000E
.6981000E
.4450000E
.1652700E
.5880000E
.3158000E
.3880000E

.8555000E 02)
0.

3680000E 01,

8211000E
1400000E

3690000E
86400000E

5600000E

02)
01,
02)
01,
02)
01,
01)
01’
02)
01,
02)
01,
02)
o1,
02)
01,
02)
o1,
02)
01,
02)
01,
02)
o1,
02)
01,
03)
o1,
02)
01,
02)
01,
03)
o1,
02)
o1,
03)
01,
02)
01,
03)
01,
03)
01,
03)
01,
03)
01,
03)
01,
03)
01,
02)
o1,
03)
01,
02)
01,
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-0.1603400E 03) (

( 0.4370000E 01,
-0.5140000E 01)

0.3880000E 01,
-0.1728100E 03) (

VALUES FOR THE BUS VOLTAGES
$333333333333333323333333333 38339
V2=IMAGE V5=REAL V5=IMAG

V2=REAL

1.003197 -o0.
1.007100 O
1.001447 -0
0.991680 -0
0.992844 -0
0.990008 -0
0.991196 -0
0.990485 -0
0.991426 -0
0.991300 -0
0.991791 -0
0.991687 -0
0.991837 -0
0.991678 -0
0.991622 -0
0.991407 -0
0.991230 -0

00038

.00609

.03670

.03500

.05277

.05533

.06447

.06588

.07181

.076423

.07874

.08139

.08491

.08739

.09019

.09239

.09466

.97287

.96261

.95780

.95898

.95883

.95957

.96020

.96000

.95946

.95855

.95747

.95623

.956492

.95354

.95215

.95073

98896 -0.09018

.13862

.16762

.18071

.19696

.20643

.21578

.22675

.23693

.26666

.25567

.266405

.27172

.27878

.28521

.29112

.29652

-0.140364600E 03) (

0.4310000E 01,

V7=REAL

0.98814

0.97122

0.97565

0.98327

0.98608

0.98822

0.98907

0.98971

0.98960

0.98925

0.98861

0.98783

0.98690

0.98589

0.98480

0.98366

0.98248

V7=

IMAG

08728

.12529

.12169

.13402

.166456

.15647

.16925

.18220

.19396

.20484

.21674

.22390

.23221

.23985

.26681

.25319

.25902

0.4360000E 01, -0.1660700E 03) (

V16=REAL

0.90780

0.82157

0.80945

0.78725

0.79003

0.78025

0.78225

0.77890

0.78023

0.77863

0.77899

0.77785

0.77759

0.77662

0.77606

0.77517

0.77447

-0.17642400E 03) ( 0.6390000E 01,

V16=1IMAG

-0.31293

-0.24801

-0.326462

-0.28867

-0.33116

-0.31155

-0.33178

-0.32322

-0.33434

-0.33137

-0.33792

-0.33753

-0.34167

-0.364236

-0.34518

-0.364626

-0.34831

0.4340000E 01,
-0.1052400E 03) (

-0.1721800E 03)
0.1059000E 02,
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.990969

.990720

.99046425

.990134

.989819

.989504

.989179

.988856

.988528

.988204

.987881

.987563

.987250

.986943

.9866462

.986348

.986062

.985783

.985514

.985252

.09657

.09843

.10006

.10160

.10298

.10427

.10544

.10652

.10750

.10841

.10926

.11000

.11070

.11135

.11194

.11248

.11298

.1134644

.11386

.11625

.96931

.94789

.9646468

.96509

.964372

.94237

.9464105

.93976

.93850

.93728

.93609

.9346494

.93383

.93275

.93171

.93071

.92974

.92881

.92792

.92706

.30146
.30599
.31014
.31393
.31762
.32061
.32353
.32622
.32868
.33094
.33301
.33692
.33667
.33828
.33975
.36111
.36236
.36351
.3G6457

.36555

.98128

.98006

.97884

.97761

.97640

.97519

.974600

.97283

.97169

.97057

.96948

.96841

.96738

.96638

.96541

.96448

.96357

.96270

.96186

.96106

.26437

.26925

.27373

.27782

.28157

.28501

.28816

.29104

.29368

.29611

.29833

.30037

.30224

.30396

.30554

.30699

.30832

.30954

.31067

.31170

77362

.77286

.77206

77127

.77048

.76972

.76896

.76823

.76751

.76680

76612

.76546

.766481

.76419

.76359

.76300

.762464

.76190

.76138

.76088

.3494646

.35103

.35213

.35338

.356436

.35539

.35626

.35711

.35786

.35858

.35922

.35983

.36038

.36090

.36138

.36182

.36223

.36260

.36295

.36328
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.98464999

.9864756

.984520

.9864293

.984075

.983864

.983662

.9836469

.983284

.983105

.982934

.982771

.982615

.982465

.982322

.982186

.982056

.981932

.9818146

.981701

-0.

11461

.11494

.11524

.11552

.11578

.11602

.11624

.11644

.11663

.11680

.11696

.11711

.11725

.11737

.11749

.11760

.11770

.11779

.11788

.11796

.92624

.92545

.92469

.92397

.92328

.92262

.92198

.92138

.92080

.92025

.91973

.91922

.91874

.91829

.91785

.91744

.91705

.91667

.91632

.91598

.36644

36727

.34804

.34874

.36939

.34999

.35054

.35106

.35153

.35197

.35237

.35274

.35309

.35341

.35371

.35399

.356424

.356448

.356470

.356491

.96028

.95954

.95883

.95814

.95749

.95686

.95626

.95568

.95513

.95661

.95411

.95363

.95318

.95274

.95233

.95193

.95156

.95120

.95086

.95054

.31265
.31353
.316434
.31508
.31576
.31639
.31698
.31751
.31801
.31847
.31889
.31928
.31964
.31997
.32028
.32057
.32084
.32108
.32131

.32152

.76040

.75994

.75950

.75907

.75867

.75828

.75790

.75755

.75721

.75688

.75657

.75628

.75599

.75573

.75547

.75522

.756499

.75477

.75456

.756436

.36358

.36386

.36412

.36636

.36458

.36479

.36698

.36516

.36533

.36548

.36563

.36576

.36589

.36600

.36611

.36621

.36631

.36640

.36648

.36656
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.981594

.981491

.981394

.981301

.981212

.981128

.981048

.980971

.980899

.980830

.980764

.980702

.980642

.980587

.980533

.980483

.980435

.980389

.980345

.980304

11803

.11810

.11817

.11823

.11828

.11833

.11838

.11843

.11847

.11851

.11854

.11858

.11861

.11864

.11867

.11869

.11872

.11874

.11876

.11878

.91566

.91535

.91506

.91478

.91452

.91627

.91403

.91381

.91359

.91339

.91319

.91301

.91284

.91267

.91252

.91237

.91223

.91209

.91196

.91185

35510

35527

.35544

.35559

.35573

.35587

.35599

.35611

.35621

.35631

.35641

.35649

.35658

.35665

.35672

.35679

.35685

.35691

.35696

.35702

.95023

.94994

.94966

.94939

.946914

.964890

.94867

.9648466

.96825

.964805

.964787

.94770

.96753

.94737

.94722

.94708

.96694

.964681

.964669

.9464657

.32171

.32190

. 32207

. 32222

.32237

.32250

.32263

.32275

. 32285

. 32296

. 32305

.32316

.32322

.32330

.32337

.32344

.32350

.32356

.32361

.32366

.75417

.75398

.75381

.75365

.75349

.75336

.75320

.75306

.75294

.75282

.75270

.75259

.75249

.75239

.75230

.75221

.75212

.75204

.75197

.75190

.36663

.36670

.36676

.36682

.36688

.36693

.36698

.36702

.36707

.36711

.36714

.36718

.36721

.36724

.36727

.36730

.36733

.36735

.36737

.36739
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.980265

.980228

.980193

.980159

.980127

.980097

.980068

.980041

.980016

.979992

.979969

.979948

.979927

.979907

.979888

.979870

.979853

.979837

.979822

.979808

-0.

11880

.11881

.11883

.11885

.11886

.11887

.11889

.11890

.11891

.11892

.11893

.11894

.11895

.11895

.11896

.11897

.11897

.11898

.11899

.11899

.91173

.91162

.91152

.91142

.91133

.91124

.91116

.91108

.91101

.91094

.91087

.91081

.91075

.91069

.91064

.91058

.91054

.91049

.91045

.91041

=0.

35706

.35711

.35715

.35719

.35723

.35726

.35729

.35732

.35735

.35738

.35741

.35743

.35745

. 35747

.35749

.35751

.35753

.35754

.35756

.35757

.94666 -0.32371
.96636 -0.32376
.964626 -0.32380
.96617 -0.32384
.964608 -0.32387
.964600 -0.32391
.96592 -0.32394
.9645846 -0.32397
.964577 -0.326400
.94570 -0.32403
.964564 -0.32405
.96558 -0.32407
.964552 -0.32410
.945646 -0.326412
.9645461 -0.32414
.964536 -0.326415
.964532 -0.32417
.964527 -0.32419
.96523 -0.32420

.964519 -0.32622

.75183

.75176

.75170

.75164

.75159

.75153

.7514648

.75144

.75139

.75135

.75131

.75128

.751264

.75120

.75117

.75114

.75111

.75108

.75106

.75103

.3674a1

.367463

.36745

.36747

.36748

.36750

.36751

.36752

.36754

.36755

.36756

.36757

.36758

.36759

.36760

.36761

.36761

.36762

.36763

.36764
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.979795

.979782

.979770

.979758

.979748

.979738

.979728

.979719

.979710

.979701

.979694

.979686

.979679

.979672

.979666

.979660

.979655

.979649

.979645

.979640

11900

.11900

.11901

.11901

.11902

.11902

.11902

.11903

.11903

.11903

.11904

.11904

.11904

.11904

.11905

.11905

.11905

.11905

.11905

.11905

.91037

.91033

.91030

.91026

.91023

.91020

.91017

.91015

.91012

.91010

.91007

.91005

.91003

.91001

.91000

.90998

.90996

.90995

.90993

.90992

.35759

.35760

.35761

.35762

.35764

.35765

.35766

.35766

.35767

.35768

.35769

.35770

.35770

.35771

.35771

.35772

.35773

.35773

.35774

.35774

.96515

.94512

.94508

.96505

.964502

.964499

.9446497

.964494

.96446492

.94489

.946487

.94485

.9464483

.96481

.964480

.94478

.944676

.94475

.944674

.94472

.326423

. 32624

.32425

. 326427

.326428

. 326429

.32430

.326430

.326431

. 326432

.326433

.326433

.326436

.326435

.32435

.326436

.32436

.326437

.326437

.326438

.75101

.75099

.715097

.75095

.75093

.75091

.75089

.75088

.75086

.75085

.75084

.75082

.75081

.75080

.75079

.75078

.75077

.75076

.75075

.75074

.36764

.36765

.36765

.36766

.36766

.36767

.36767

.36768

.36768

.36768

.36769

.36769

.36769

.36770

.36770
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.36770

.36771
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N

sPOS. SEQ. HARMONIC CURRENT FROM BUS 5

36 36 € J€ 3 3 I I JE JE I I I I 3 3 I IE I I I I JE IE I I I 3 JE JE I I I I 6 6 X X

7.0000000
13.0000000
19.0000000
25.0000000
31.0000000
37.0000000
43.0000000
49.0000000

13.

oocooo~W0n

2695100

.1529110
.8018060
.3357296
.57664368
.5812874
.3171365
.0306535

NEG. SEQ. HARMONIC CURRENT FROM BUS 5
36 36 6 JE JE JE J€ 36 JE 26 36 36 36 36 36 36 36 36 36 € 3 € JE JE 26 26 36 36 36 36 36 36 36 36 6 36 X %

5.0000000
11.0000000
17.0000000
23.0000000
29.0000000
35.0000000
41.0000000

7.0000000

IH5 =
37.9971900

5TH HARMONIC VOLTAGE AT:
1 $333333333333333333333
BUSS5 =

220.1647000

AFTER ADDING THE FILTER,THE 5TH HARMONIC VOLTAGE AT:
3636 36 36 36 36 36 36 36 36 36 36 36 3 3 3 3 36 3 36 26 26 36 36 36 36 26 26 36 36 36 3 JE 3 3 3 3 6 36 36 36 26 26 36 36 36 3 3 3 3 3 3¢

BUS5 =

150.1966000
STATEMENTS EXECUTED= 9598
CORE USAGE

DIAGNOSTICS
COMPILE TIME=

OBJECT CODE=

cs$sTOoP

37.

ooo~~oWm

342640 BYTES,ARRAY AREA=
NUMBER OF ERRORS=
0.16 SEC,EXECUTION TIME=

9971900

.2730640
.7023263
.1213360
.0018350
.5309472
.152314640
.2574813
36 36 26 36 6 JE 36 36 36 3 JE 26 J€ 36 € 3 JE 26 36 3 JE JE I€ 26 3 JE IE 26 36 3 IE IE 36 36 3 3 I 36 I 3 3 I I I 6 3E 26 36 36 3 3

8308 BYTES,TOTAL AREA AVAILABLE= 2406288

NUMBER OF WARNINGS= NUMBER OF EXTENSIONS=
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