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ABSTRACT

Harmonic is defined as the voltage and current distortion in the waveform. It exists
from the source such as synchronous generator and non-linear load. Third harmonic
is the presence of voltage and current distortion expressed in terms of harmonics
frequencies 150 Hz. During three phase-to-ground fault, the fundamental fault
current share the same return path as third harmonic. Thus, the synchronous
generator is used as the source of third harmonic in the lab experiment to investigate
the characteristic of third harmonic and the amount of its contribution to the system
during three phase-to-ground fault. In the experiment, the variables that are varied
including the fault impedance (Zf), filter mode (by zig-zag transformer) and Neutral
Earthing Resistor (NER). The load impedance sets are also changed to study how the
load can affect the contribution of third harmonic current. The ratio of third harmonic
current to fundamental current is computed and compared where the ratio has
increased 0.73 % with NER and 31.56 % without NER under normal mode. The
overall fault level is compared under normal mode and filter mode whereby it is
found that the contribution of third harmonic to the system has reduced to half using
filter: zig-zag transformer. The third harmonic current from synchronous generator

contributes to the overall fault level of the system during three phase-to-ground fault.



ACKNOWLEDMENT

The authors would like to express the deep gratitude to Universiti Teknologi
PETRONAS for supplying the lab facilities and related equipments in completing
this project at the electrical lab. On top of that, special thanks to the project
supervisor,

Ir Mohd Faris bin Abdullah for the continuous guidance as well as providing useful
resources and knowledge to accomplish this project. Also, the author would like to
express the appreciation to the lab technicians for opening the laboratory for the
experiment and providing appropriate guidance throughout the project. The authors
of this paper would also like to take this opportunity to thank the researches of the
papers used for the useful information that help to assist the understanding of
literature review. Last but not least, the author wishes to thank the family who give

moral support throughout the project.



TABLE OF CONTENTS

CERTIFICATION OF APPROVAL ...ttt i
CERTIFICATION OF ORIGINALITY oottt ii
A B ST RA T .. — e e e e e nb e e e nnraeanraaeaas \Y
ACKNOWLEDMENT ...ttt sttt e e s nt e e anaeeannneeanes Y
CHAPTER 1: INTRODUCTION ....oiiiiiiiiiiie ettt snnn e 1
1.1 Background Of STUAY ........cccveiiiieiiieieseeseeeee e 1

1.2 Problem StatemMent ........coooieie e 1

1.3 ODJECHIVES. ...ttt bbb 2

1.4 SCOPE OF STUAY ..c.vveiiciecece e 2

CHAPTER 2: LITERATURE REVIEW ......ocoiiiiicice et 3
CHAPTER 3: METHODOLOGY ....oooiiiiiiiieise et 7
3.1 Research Methodology .........ccceeveiiiiicie e 7

3.2 KEY MIIBSLONE ...ttt 13

3.3 GANTE CHAN .. .cviiiiieiieieee e e 14

B TOONS .. e 16

CHAPTER 4: RESULTS AND DISCUSSION ......ccoiiiiiiiieiieiee e 17
4.1 Non-fault EXPEriment.........cccooviiiiie it 17

4.2 FaUlt EXPEIIMENT.....ciiiieie it 19

4.2.1 Fundamental Current ANalySiS...........cocevveveeieiieieese e 19

4.2.2 Third Harmonic ANalYSIS........ccoeriiiiiiiiiiinieiene e 22

4.2.3 Waveform ANAIYSIS. ..o 27

4.2.4 Different Load IMpedance SetsS..........ccoovvvririeieienenese e 28

CHAPTER 5: CONCLUSION AND RECOMMENDATIONS ... 30
REFERENGCES. . ... ..ottt ettt e et e e e e e e nae e et e e anneas 31
F N e 1 ) SR 32

Vi



LIST OF FIGURES

Figure 1: Three phase-to-ground fault

Figure 2: Zig-zag transformer circuit connection

Figure 3: Flow chart of experiment
Figure 4: Synchronous generator

Figure 5: Load settings on EMS workstation
Figure 6: Conceptual circuit for direct load connection
Figure 7: Fault location in the EMS workstation

Figure 8: Cases of fault experiment

Figure 9: Equipment connection for EMS workstation

Figure 10: Equipment connection for protective relaying control station
Figure 11: Fluke 435 three phase power quality analyzer

Figure 12: Non-fault experiment circuit diagram

Figure 13: Third harmonic current at generator terminal during non-fault
Figure 14: Third harmonic current at load terminal during non-fault

Figure 15: Fault experiment circuit diagram

Figure 16: Fundamental current at load and fault terminal during fault (with Zf)
Figure 17: Fundamental current at load and fault terminal during fault (without Zf)
Figure 18: Ratio of third harmonic current to fundamental current before and during

fault at
fault terminal under normal mode

Figure 19: Third harmonic current during fault

Figure 20: Current waveform at generator terminal during fault (with NER)
Figure 21: Current waveform at generator terminal during fault (without NER)
Figure 22: Fundamental current at fault terminal during fault at varies load
Figure 23: Third harmonic current at fault terminal during fault at varies load

Vii

© © 00 N O O

10
11
12
12
16
17
17
18
19
20

22
23

27
28



LIST OF TABLES

Table 1: Load impedance sets

Table 2: Third harmonic current at generator and load terminal at non-fault
Table 3: Percentage of ratio increment

Table 4: Third harmonic current contribution at fault terminal

Table 5: Third harmonic current at fault and load terminal during fault

ABBREVATIONS AND NOMENCLATURES

NER =Neutral Earth Resistor
Zf =Fault Impedance

EMS =Electromechanical System

viii



CHAPTER 1
INTRODUCTION

1.1 Background of Study

It has been discovered that the existence of the voltage and current waveforms
distortion on the mains supply waveforms which are termed as harmonic current and
voltage in power system. Third harmonic component can be originated from

generators, transformers, non-linear loads and etc.

There are odd and even harmonic where odd harmonic is mostly originated from
non-linear loads and salient pole generator in terms of harmonics frequencies which
are odd integer multiples of the generated frequency. Sources of harmonic generate
odd harmonic and most of them will be triplen harmonic which are 3", 9™, 15" and
etc. The magnitude of higher order harmonic can be neglected because the value is
generally small. Hence, third harmonic is the main current and voltage distortion in

the waveform which can cause overloading to the equipment.

Fault happened when there is very high current flowing in the circuit following the
improper path. When all the three-phases of the system are short-circuit to ground
then it is called three phase-to-ground fault. It does not happen frequently but it is the

high severity and dangerous fault.

1.2 Problem Statement

Third harmonic current continuously flow from synchronous generator and return to
its neutral during steady state condition via neutral/ground path. During three phase-
to-ground fault, the fundamental fault current also shares the same return path as
third harmonic. Therefore, during this fault, there are uncertainties on third harmonic

behaviour and its contribution towards the overall fault current.



1.3 Objectives
e To study on the characteristics of third harmonic current before and during

three phase-to-ground fault
e To analyze on the contribution of third harmonic current during symmetrical

fault: three-phase-to-ground fault

1.4 Scope of Study

The source of third harmonic in this research is origin from salient pole synchronous
generator. During pre-fault condition, the salient pole synchronous generator is
operating at rated speed and within its capacity. The fault type in this study is
confined to three phase-to-ground fault only. The contribution of third harmonic
current during this fault is measured and calculated in term of the ratio and

percentage.



CHAPTER 2
LITERATURE REVIEW

Generally, electricity is generated under constant frequencies of 50 Hz or 60 Hz and
the generator’s e.m.f is considered practically sinusoidal. The resulting current might
not be always perfectly sinusoidal, for example this happens due to the connection of
non-linear device or load to a sinusoidal voltage source. This current with the
existence of system impedance lead to the non-sinusoidal voltage drop as well as
voltage distortion. The presence of voltage and current distortion can be expressed
in terms of harmonics frequencies which are integer multiples of the generated
frequency [1].

There are two types of harmonics namely odd harmonics (odd number 3,5,7,9,...)
and even harmonics (even number 2,4,6,8,...). Number 0 and 1 are neither odd nor
even harmonics. Harmonic number 0 is the constant or DC component of the
waveform whereas harmonic number 1 is defined as fundamental frequency
component of the waveform. The odd harmonics origin from non-linear loads and
even harmonics exist only under certain condition [2]. In a balanced three phase
system, phase voltages have the same magnitude but 120° apart and so does the
phase current. The fundamental frequency current component relationship is

described as below:

iq1=141 sin(wt) (2.1)
ip1=Ip1 sin(wt — 120°) (2.2)
ic1=1;1 sin(wt — 240°) (2.3)

The third harmonic phase currents are in phase:

iq3=1g3 sin(wt) (2.4)
ipz=Ip3 sin 3(wt — 120°) = I3 sin(3wt — 360°) = [,3 sin(3wt) (2.5)
ic3=1c3 sin 3(wt — 240°) = I3 sin(3wt — 720°) = I3 sin(3wt) (2.6)



However, the fifth harmonics have opposite phase sequence as fundamental current
(negative sequence circuit) whereas the phase sequence of seventh harmonics is same
as the fundamental (positive sequence circuit). Positive and negative sequence
having three-phase-to-neutral components of equal magnitude but 120° apart add
vectorially to zero at the generator neutral. Moreover, the magnitude of higher order
harmonics voltage in zero sequence (6,9,12,...) is generally small and can be
neglected [2] [3] .

Third harmonic can cause effect on power systems as well as communication
network based on their sensitivity to harmonics. Resonances in harmonics might be
existed which will lead to increase in current and voltage of the device and initiate
the increment of network losses. These may cause overheating and damage as well as

reduction of insulation material’s life time [1].

The observation of [4] states that the magnitude of the third harmonic current is
affecting the third harmonic voltage magnitude where they are in proportion.
Harmonics generally generated by converters, transformers, rotating machines, arc
furnaces, fluorescent lighting and etc. Due to the practical and economical design of
electrical machines, they are also the main source of the harmonics. The magnetic
flux in a machine rarely distributed perfectly around the air gap, particularly in
salient pole machines [1]. Salient pole synchronous generator is used as the source of
triplen harmonics currents to observe the influence of load impedance, generator
Neutral Earth Resistor (NER) value and transformer winding configurations. It is
found that the third harmonic current in neutral is almost triple the phase current
magnitude whereby the phase current magnitude are almost equal to each other. Both
the magnitude of phase and neutral third harmonic currents are inversely proportional

to the load impedance [5].

Third harmonic currents magnitude is also inversely proportional to generator NER
resistance because the generator NER is in series connection with zero sequence
network [4] [5]. An investigation is conducted by [6] on the temperature rise of NER
when the generator is operating. It is found that during one generator and utility grid
in parallel connection, high amount of triplen harmonics currents flow through and

lead to the high NER temperature. The presence of third harmonic has caused
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overheating of equipment, destruction to NER and etc. Long-term overheat on the
generator NER may cause deterioration of the insulation life which might cause to

failure if the situation proceed.

It is observed that the low voltage load connected to the delta-wye transformer are
not causing effect to the third harmonic current since the delta winding of primary
transformer is blocking the third harmonic current to flow towards the load [4].
Connecting load via delta-wye transformer connection, third harmonic voltage are
observed almost in phase at generator side but not at load and both transformer
windings. On the other hand, third harmonic current are almost in phase at load and

both transformer winding but not at generator [7].

Fault or short circuit study is important where the power system can be designed for
correct protection grading and the adequate rating selection of equipments such as
switchgear and circuit breaker. Fault happen when there is very high current flowing
in the circuit in the improper path. This can happen when the phase connection
connected to another phase or to ground under certain circumstances [8]. It also
could be due to insulation failure or mechanical damage in the equipment and natural

events such as tree fallen on the cable.

There are two types of fault in power system namely symmetrical fault and
unsymmetrical fault. Symmetrical fault/balanced fault occur when all the three-
phases of the system are in short-circuit. There are few types of unsymmetrical fault
which is unbalanced fault occur only to one or two phase of the system. Those
include single line-to-ground, double line-to-ground or line-to-line. Compare to
unsymmetrical fault, three phase-to-ground fault happens infrequently but it is the
highest severity and dangerous fault among all [9]. Figure 1 illustrated three phase-

to-ground fault.

3 ¢ to earth fault a
3
Supply = b
side Y
E_ C

Figure 1: Three phase-to-graund fault



The higher harmonics in a ground fault current might affect and increased the voltage
on the faulted phase. The impedance at the fault location with harmonics distortion is
almost two times greater than the fault impedance (Zf) calculated at fundamental
frequency which indirectly reduces the time to reach stable arcing. Disconnection of
faulted feeders by simply perform low-ohmic resistance grounding is a suggested
way to protect power equipment during single-phase-to-ground fault [10].

There are several application can be used to reduce third harmonic component of a
distribution system which included derating the distribution transformer size by 50%
or using three-phase four-wire active power filter [11] [12]. However, due to the high
cost, connecting zig-zag transformer to the system is proposed to attenuate the third
harmonic of the system. This is because zig-zag transformer is able to provide the
path for zero sequence current. The result of the paper [12] proved that zig-zag
transformer can effectively attenuate neutral current and zero sequence current under
balanced non-linear load. Due to that, the total harmonic distortion (THD) also can

be reduced. The circuit connection of zig-zag transformer is shown in Figure 2.

% o izh
.| = ———PHASE b
g A
E b e )
| % PHASE e
E® |
E c ign
T.|= FHASE a

=

NEUTRAL n
Figure 2: Zig-zag transformer circuit connection



CHAPTER 3
METHODOLOGY

3.1 Research Methodology

Lab-scale experiments are conducted using the equipments provided in the power
system lab. The main focus of the experiment is to observe third harmonic current
characteristic under two conditions: non-fault and three phase-to-ground fault. The

flow chart of the experiment is shown in Figure 3.

Experiment on direct load connection
(Non-fault and Fault)

Capture the voltage and current waveform at generator terminal

Analyse fundamental current and third harmonic current of one impedance set
(960+j660)

Perform calculation and compare third harmonic current contribution before and after
fault

Figure 3: Flow chart of experiment

The synchronous generator as shown in Figure 4 is used as the source of third
harmonic in this project. The voltage of the generator is 240 V with full-load-current
of 0.17 A.



SYNCHRONOUS MOTOR / GENERATOR

Figure 4: Synchronous generator

The base data of the experiment is obtained during the non-fault and used as the base
value for the whole experiment. Fault which is supplying high current will be applied
to create three phase-to-ground fault using universal fault module in fault experiment
for analysis. Then, the comparison on the characteristics of the third harmonic

current before and after fault occurred can be made.

In the experiment, load impedance sets used are listed in Table 1. There are 5 sets of
them will be tested in the experiment. For each set of the load impedances, the value
is determined by the resistive load and inductive load. The resistor load and
inductance load value in the Electromechanical System (EMS) workstation can be
adjusted to fulfill the listed impedance and inductance values by pushing the switch

to 0 or 1 as shown in Figure 5.

Table 1: Load impedance sets

Resistance (1) | Inductance () | Impedance(Q)
960 660 1165,34.5
1600 1194 1996,36.7
2400 1602 2886,33.7
3600 2388 4320433.6
4800 3581 5989,36.7




Figure 5: Load settings on EMS workstation

A. Measurement of Experiment
The connection of direct load will be made for non-fault experiment and fault
experiment as shown in Figure 6 where the load is connected directly to the

generator.

La
Ra
Va
Ve Vb

I

Re Rb

Lb

Lci

Figure 6: Conceptual circuit for direct load connection

Third harmonic current will be measured at:
i) After the generator (Generator Terminal)
i) Before the load (Load Terminal)

i) At the fault location (Fault Terminal)



B. Experiment Cases

The fault is created at the location after the generator and before the load impedance

as shown in Figure 7 by universal fault module of EMS workstation.

PRIUE MOVER!
DYNAMOMETER

Figure 7: Fault location in the EMS workstation

Under fault experiment, there are three variables to be controlled namely Zf, filter
mode and NER. Firstly, study on the characteristic of third harmonic current for
bolted fault and fault with Zf (50.53 Q). Then, the existence of NER (800 Q) is
controlled under normal mode and filter mode. From the variables, the effect of Zf
and NER on third harmonic current and fundamental fault current can be observed.
The filter mode using zig-zag transformer is to compare with normal mode on the
contribution of third harmonic current to the overall system. The cases of the fault

experiments are illustrated in Figure 8.
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With NER
Normal Mode

Wlthout NER

With NER
Filter Mode <

FAULT (WITH
zf)

Without NER

With NER
Normal Mode

Wlthout NER

FAULT
(WITHOUT zf)

With NER
Filter Mode <
Without NER

Figure 8: Cases of fault experiment

The equipments of EMS workstation and equipment of protective relaying control
station are connected as shown in Figure 9 and 10 respectively. High voltage are
present in the experiment, thus it is important to turn off the power supply and set
voltage knob to position 0 when making any connection. The settings of various
equipments including synchronous generator, prime mover, AC/DC current relative
relay, transmission grid ‘A’ and universal fault module are set based on the lab

manual. After the settings are set, the experiments for direct load connection are

carried out for non-fault and fault experiment. The button “Initiate Fault” on the

universal fault module is pressed to initiate three phase-to-ground fault to the system.
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*The EXCITER knob of synchronous generator needs to be readjusted so that the
line-to-line voltage remains almost the nominal value of 415 V.

*The voltage control knob of power supply needs to be readjusted so that the

generator rotation speed remains almost the nominal value of 1500rpm.

3.2 Key Milestone

The key milestones of the project which need to achieve are listed as below:

v’ Carry out the lab experiment on direct load connection for all the impedance
set and get the data correctly

Analyze the results based on theory studied

Obtain the waveform of the generator for analysis purpose

Prepare progress report

D N NI NN

Perform calculation and compare on the contribution of third harmonic to the
system before and after fault

v' ELECTREX, technical paper and final dissertation preparation

13



3.3 Gantt Chart

Week
Activities

FYP 1

10

11

12

13

14

Project Title selection

Study on papers and literature review

Study on methodology

Familiarize with the lab equipment and
software

Extended Proposal Submission

Compare different units of Fluke Power
Quality Analyzer

Experiment on Direct Load Connection
(Non-fault and fault)-960+j660

Proposal Defence

Experiment on Direct Load Connection
(Non-fault and fault)-all impedance sets

Preparation of Report

Interim Draft Report Submission

FYP1 Report Submission

e Suggested Milestones

Process

14




Week
Activities

FYP 2

10

11

12

13

14

Study on papers and literature review

Experiment on Direct Load Connection
(Non-fault and fault)-all impedance sets

Analyse the results based on theory

Experiment on Direct Load Connection
(Non-fault and fault)-waveform for one
impedance set

Progress Report Submission

Perform calculation and compare on third
harmonic contribution

ELECTREX

Preparation of Final Dissertation and
Technical Paper

Draft Final Dissertation Submission

Technical Paper and Final Dissertation
Submission

Viva

e Suggested Milestones

Process

15




3.4 Tools
Hardware:

. EMS Workstation
. Protective Relaying Control Station
. Fluke 434/435 Three Phase Power Quality Analyzer

° Wire cable
° Multi meter
Software:
o FlukeView Power Quality Analyzer Software
° Microsoft Excel

Fluke 435 Series 2 Three Phase Power Quality Analyzer

It is a measuring tool for the third harmonic voltage and current measurement at each
point by clamping the current clamp on the wire cable. FlukeView Power Quality
Analyzer software is used to observe the phase angle and magnitude of the measured
component in computer (Excel and text file) where the data is transferred from the

analyzer to computer.

Figure 11: Fluke 435 three phase power quality analyzer
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CHAPTER 4
RESULTS AND DISCUSSION

4.1 Non-fault Experiment

Under non-fault experiment, the fundamental current at generator terminal is equal to the

fundamental current load terminal. The equivalent circuit is illustrated in Figure 12.

Zg Load

Gen

=

Figure 12: Non-fault experiment circuit diagram

The third harmonic current behaviors observed at the generator and load terminal are

shown in the Figure 13 and 14.

Third Harmonic Current at Generator
Terminal during Non-fault

0.25
0.2
0.15 M Phase A
0.1 B Phase B
0.05 Phase C
0 — I |

H Neutral
960+j660 Normal 960+j660 Normal 960+j660 Filter 960+j660 Filter

Mode, with NER Mode, without Mode, with NER Mode, without
NER NER

Figure 13: Third harmonic current at generator terminal during non-fault
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It is obvious that the third harmonic current is the highest at the neutral phase regardless
of the types of cases provided at the generator terminal. The third harmonic current is
observed to be almost three times the current at each single phase. This is proven that the
statement of third harmonic current in neutral is almost triple the phase current
magnitude whereby the phase current magnitudes are almost equal to each other in the
literature review. The results show that the third harmonic current is highest at the

generator terminal for the cases under filter mode and without NER connected.

Third Harmonic Current at Load Terminal
during Non-fault

0.25
0.2
0.15 M Phase A
0.1 W Phase B
0.05 Phase C
W Neutral
0 — | _—

960+j660 Normal 960+j660 Normal 960+j660 Filter  960+j660 Filter
Mode, with NER  Mode, without Mode, with NER Mode, without
NER NER

Figure 14: Third harmonic current at load terminal during non-fault

The neutral current at load terminal are also triple the phase current except in both of the
cases under filter mode. With the existence of the zig-zag transformer, the load current
at neutral phase no longer three times the phase current at load terminal. For the case
with NER under filter mode, the current at neutral phase is almost 7 times the phase
current. Without NER under filter mode, the neutral current even higher and almost over
100 times the phase current. The third harmonic current at the fault terminal during non-

fault is equal to zero under all cases since no current flow through it.

18



The third harmonic current at generator and load terminal are compared in Table 2.

Table 2: Third harmonic current at generator and load terminal at non-fault

Third Harmonic Current
Cases Generator Terminal Load Terminal

Normal Mode, with NER 0.0020 A 0.0019 A
Filter Mode, with NER 0.0039 A 0.0014 A
Normal Mode, without NER 0.0035 A 0.0033 A
Filter Mode, without NER 0.0831 A 0.0010 A

Since there is no fault in between generator and load, the current at generator terminal
equal to current at load terminal under normal mode as shown in the equivalent circuit
Figure 12. When zig-zag transformer is connected to the system (parallel to load) under
filter mode, some of the third harmonic current flow to the zig-zag transformer and can
be seen that the third harmonic current at load terminal is reduces under both filter mode.

4.2 Fault Experiment

Under fault experiment, the current in the circuit are interpreted in current divider circuit.

The equivalent circuit is illustrated in Figure 15.

Zg Zf Load

Gen

Figure 15: Fault experiment circuit diagram
4.2.1 Fundamental Current Analysis

The experiment is conducted for 8 times with different cases as listed in Figure 8 of
methodology part. Only phase A of each terminal is tabulated in Figure 16 and 17 for the

19



ease of presentation. Moreover, the complete data for phase A, B and C are tabulated in

the Appendix A where phase A, B and C are observed to have close values.

The fundamental current at fault terminal and load terminal are verified that the sum of
them is almost equal to the fundamental current at generator terminal. This fulfilled the
current divider interpretation. The fundamental current is observed at fault terminal and

load terminal for different conditions as in Figure 16 and 17.

Fundamental Current (Phase A) at Load and
Fault Terminal During Fault (With Zf)

® Fault Terminal m Load Terminal

960+j660 Normal Mode, 960+j660 Normal Mode, 960+j660 Filter Mode, 960+j660 Filter Mode,
with NER without NER with NER without NER

Figure 16: Fundamental current at load and fault terminal during fault (with Zf)

It can be seen in Figure 16 that in the case with Zf, the existence of NER does not affect
much on the fundamental fault current since the current are close values when compared
to the same mode. However, it is observed that the fundamental current under filter
mode at fault terminal is slightly higher than normal mode. This can be explained that
under filter mode, the zig-zag transformer is connected which is parallel to Zf and load,

the impedance of the circuit becomes lower in this case. Based on Ohm'’s Law, the

current is higher when the impedance is lower. Since the current flow to load terminal is

small, so the increment of current due to lower impedance load is not obvious.
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Fundamental Current (Phase A) at Load and
Fault Terminal During Fault (Without Zf)

® Fault Terminal m Load Terminal

960+j660 Normal Mode, 960+j660 Normal Mode, 960+j660 Filter Mode, 960+j660 Filter Mode,
with NER without NER with NER without NER

Figure 17: Fundamental current at load and fault terminal during fault (without Zf)

Figure 17 shows the fundamental current at load and fault terminal during bolted fault
without Zf. The fundamental phase current at load terminal is lower compare to the case

with Zf. Without Zf, the current more likely to flow towards fault location since the line

is with lower impedance (compare to load’s line), and thus the current at load terminal

slightly decreases until almost 0 A (which can be neglected) and the current at fault

terminal increased as compared to Figure 16.

The results are used to analyze whether the system is balanced or not by observing the
data at fault terminal. It is observed that the bolted three phase-to-ground fault causing
the system to have unbalanced voltage at the fault terminal where the angles are not
120° apart (refer to Appendix A). This is due to the removal of Zf and causing short
circuit to the three phases during fault. However, the fault currents are observed to be
higher during bolted fault. Since this project studies on balanced fault, the cases without

Zf are omitted from this point onward.
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4.2.2 Third Harmonic Analysis

4.2.2.1 Normal Mode

The third harmonic current for the cases with Zf of 50.53 Q are interpreted as it is
balanced. The third harmonic current at fault terminal are tabulated in term of ratio to

fundamental current under normal mode as shown in Figure 18.

Ratio of Third Harmonic Current to Fundamental
Current Before and During Fault at Fault Terminal
(Normal Mode)

M Third Harmonic Current H Fundamental Current

Before Fault (With NER) ' 0.0020

1.04 % r 0.1920
During Fault (With NER) 0.0119 0.6712

1.77 %

Before Fault (Without NER) 0.0035

0.1919
1.82%

During Fault (Without NER) B— 02243 0.6719

—

33.38%

Figure 18: Ratio of third harmonic current to fundamental current before and during

fault at fault terminal under normal mode

The third harmonic current is compared before and after fault in normal mode. The ratio
of third harmonic current calculated shows that it is 1.04 % of fundamental current
before fault with NER. When three phase-to-ground fault happened, third harmonic
current is increased to 1.77 % of fundamental current. The third harmonic current is
observed to be higher for the case without NER. Theoretically, NER contributes to the
zero sequence impedance which is 3Z,, in the circuit. With NER in the circuit, the zero
sequence impedance is higher and lead to lower third harmonic current. The existence of
NER shows its importance as the results proved that without NER, the third harmonic

current is higher. It has been increased from the ratio of 1.82 % to 33.38 % to
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fundamental current during fault without NER. The percentage of ratio increment is
illustrated in Table 3 where without NER, the ratio of third harmonic current to

fundamental current has increased as high as 31.56 %.

Table 3: Percentage of ratio increment

Cases Ratio of Third harmonic current Ratio
to fundamental current increment

Before Fault (With NER) 1.04 % 0.73 %

After Fault (With NER) 1.77 %

Before Fault (Without NER) 1.82 % 31.56 %

After Fault (Without NER) 33.38 %

4.2.2.2 Compare Normal and Filter Mode

The third harmonic current at generator and fault terminal under normal and filter mode

are tabulated in Figure 19.

Third Harmonic Current During Fault

®m Generator Terminal = Fault Terminal

0.2619

0.2243 0.221

0.0119 0.0118 0.0115 g 0063
— IS e I
960+j660 Normal Mode, 960+j660 Filter Mode, 960+j660 Normal Mode, 960+j660 Filter Mode,
with NER with NER without NER without NER

Figure 19: Third harmonic current during fault
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At the generator terminal, the third harmonic current under filter mode without NER is
higher than the current under normal mode without NER. This is because the
fundamental current at generator terminal increased when zig-zag transformer is
connected to the system under filter mode as explained in part 4.2.1, and so does the

third harmonic current.

However, by comparing the results of third harmonic current at fault terminal as shown
in Figure 19, the filter reduces the third harmonic current in both case with and without
NER. This can be said that the filter mode did decrease the third harmonic current at
fault terminal but not at the generator terminal. Filter does not reduce the burden of
generator fault current but it can limit the amount of third harmonic current flow to the

overall system during three phase-to-ground fault.

The contribution of third harmonic current at fault terminal to the overall fault level is

then calculated and compared under normal and filter mode as shown in Table 4.

Table 4: Third harmonic current contribution at fault terminal

Fundamental Third Overall Overall
Fault Harmonic Fault level Third

Current Current Harmonic
During Fault Contribution

Normal Mode, 0.6477 A 0.0118 A 0.6481 A 1.82 %
with NER
Filter Mode, 0.6545 A 0.0063 A 0.6548 A 0.96 %
with NER
Normal Mode, 0.6464 A 0.2210 A 0.6834 A 32.34%

without NER
Filter Mode, 0.6542 A 0.1243 A 0.6662 A 18.66%
without NER

The third harmonic current at fault terminal is recorded in third column of Table 4. It can
be observed that the third harmonic having highest magnitude at the normal mode
without NER. As explained in the part 4.2.2.1, the case without NER has lower zero
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sequence impedance therefore the third harmonic current is higher. By comparing the
normal and filter mode under both case of with NER and without NER, the magnitude of
third harmonic current actually decreases by almost 50% under filter mode. This shows
that the zig-zag transformer actually can provide the path for third harmonic current to

flow and reducing the amount of third harmonic current to flow to the fault terminal.

The overall fault level is calculated using the equation (4.1), I, as shown to compare
how the overall fault level can be affected by third harmonic current during fault in the
system. Equation (4.1) considers up to third harmonic as this project mainly is to study
third harmonic current characteristic. The higher orders of harmonic are relatively small

and can be neglected.

Irms = \/Irmslz + Irmsz2 + Irms32 (4-1)
Where I,,s;=Fundamental current

I:ms2=Second harmonic current

I+ms3=Third harmonic current

By referring to forth column of Table 4, the overall fault level with NER is not
observable decreased although under filter mode. This is because the increment in
fundamental current due to the lower system impedance (as zig-zag transformer parallel
to Zf and load impedance) is more than the decrement in third harmonic current after

filtered. Thus, overall fault level is not reduced but rise even though with filter mode.

The overall fault level is observed to be decreased in the case of filter mode without
NER as the third harmonic current is reduced in a bigger scale as compared to the case
with NER. The decrement of third harmonic current is more than the increment of
fundamental current due to lower system impedance. The overall fault level decrement
might be minor, but this decrement is important to the system as it can reduce the fault

rating and equipment rating.
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Then the overall third harmonic contribution to the overall fault level is calculated by
using equation (4.2).

Third Harmonic Current

Overall third harmonic contribution = X 100% 4.2)

Overall Fault Level

For the case with NER, the contribution of third harmonic to the overall fault level
actually can be observed decreases from 1.82 % to 0.96 % under filter mode although
the overall fault level is not decreasing as explained before. Without NER, the
contribution of third harmonic to the overall fault level also decreased from 32.34 % to
18.66 % under filter mode as observed in Table 4. It can be said that overall third
harmonic current contribution is decreased with filter mode in the case of with and
without NER.

The third harmonic current at load terminal as shown in Table 5 is relatively small
compare to the current at fault terminal as the fundamental current flow to the load
terminal is also lower than the fault terminal, as close as zero. Although the third
harmonic current value is relatively small, but the results still able to observe that the
cases without NER have the higher third harmonic current compare to those with NER as

explained in part 4.2.1 however the third harmonic current also reduces under filter mode.

Table 5: Third harmonic current at fault and load terminal during fault

Cases Third Harmonic Current
Fault Terminal Load Terminal
Normal Mode, with NER 0.0118 A 0.0004 A
Filter Mode, with NER 0.0063 A 0.0001 A
Normal Mode, without NER 0.2210 A 0.0050 A
Filter Mode, without NER 0.1243 A 0.0029 A
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4.2.3 Waveform Analysis

The waveform of current at generator terminal is observed for the four cases with Zf.
Comparing the cases with and without NER in term of third harmonic as discussed before,
the cases without NER have third harmonic current more than 15 times of the cases with
NER. Thus, the waveform of the cases without NER can be observed highly distorted due
to third harmonic in Figure 21 compare to the cases with NER in Figure 20. With NER,
the third harmonic current is not obviously distorted but still third harmonic current exist
based on the recorded data.

1 uuemore 2
20000 zZoooo 23071 T T
0.00004 0000028 0.0me :
20000 20000 BT &
0.0ms 19.9me/Div

Figure 20: Current waveform at generator terminal during fault (with NER)

=
g
@
=
=

ara

1
20000 20000 2000.0 T

0.00004 0.00004

-2.0000  -2.0000 20000 &

0.0 ms 20 ma/Div

Figure 21: Current waveform at generator terminal during fault (without NER)
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4.2.4 Different Load Impedance Sets

The experiment is done on different sets of load impedance to observe how the load

impedance will affect the results. The results are shown in term of fundamental current

and third harmonic current. Figure 22 shows the fundamental current at the fault terminal

with varies load impedance. It is observed that fundamental fault current is affected

which is gradually decreases when load impedance increases. However, the third

harmonic current is not affected by the load impedance in fault terminal as the values

close to each other even the load impedance are varied shown in Figure 23.

0.7000

0.6000

0.5000

0.4000

0.3000

0.2000

0.1000

0.0000

Fundamental Current at Fault Terminal
(Without Zig-zag, With NER, With Zf)

960+j660  1600+j1194  2400+j1602  3600+j2388  4800+j3581

M Phase A
M Phase B
M Phase C

M Neutral

Figure 22: Fundamental current at fault terminal during fault at varies load
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0.0350

0.0300

0.0250

0.0200

0.0150

0.0100

0.0050

0.0000

Third Harmonic Current at Fault Terminal
(Without Zig-zag, With NER, With Zf)

960+j660  1600+j1194  2400+j1602  3600+j2388  4800+j3581

M Phase A
M Phase B
m Phase C

M Neutral

Figure 23: Third harmonic current at fault terminal during fault at varies load
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CHAPTER 5
CONCLUSION & RECOMMENDATIONS

During non-fault experiment, the third harmonic current of generator terminal at neutral
phase is triple the phase current. In the fault experiment, the variables that varied are Zf,
filter mode and NER. Without Zf, the fundamental fault current and third harmonic
current at the fault terminal is higher because the current flow towards the line with
lower impedance fault terminal in nature. However, the system become unbalanced

since the voltage is unbalanced and not 120° apart.

The ratio of third harmonic current to the fundamental current at fault terminal is
calculated and compared its contribution during three phase-to-ground fault under
normal mode. The ratio increases at the range of 0.73 % to 31.56 % depends on the
existence of NER. The existence of NER contributes to the zero sequence impedance to
the system, higher impedance results in lower third harmonic current. Therefore, higher

third harmonic current is observed for any case without NER.

However, zig-zag transformer is used in filter mode to reduce third harmonic current as
proven in the result. The overall contribution of third harmonic current to overall fault
level is computed and reduced to almost half of the value under normal mode. Thus, it is
recommended to place the NER in the system to increase the zero sequence impedance

and reduce the third harmonic current by connecting filter in the system.

The load impedances are varied to study its effect on the fundamental current and third
harmonic current at fault terminal. The fundamental fault current is observed gradually
decreases when load impedance increases but the third harmonic current is not affected

by the load impedances.
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APPENDIX A

1. Load Impedance=960+j660, normal mode, with NER=800 (2, with Zf=50.53 ()

Non-Fault Experiment:

ViiWall  WFideal 4] IF(deal Vilal)  WMFldeal A IF{deq)
233.91 0.00 07320 -33.03 233.86 000 01318 -33.04
23734 -113.83 01316 -152.63 23506 -19.81 01304 -153.08
23377 120,03 01305 5709 23382 12007 01832 8745

0.01 12570 0000 3506 001 12884 00015 -1735.31

Gen

WVilal]  Wieldeg) &) I'[deg) WHValt]  Wt(deg) &) It*[deq)
4.53 2173 0.00z0 324 4.58 2214 00019 3.87
S.dd 2854 00026 344 547 2315 00025 &3
564 2057 00021 -12.23 5.63 13,66 00022 -17.23
000 2083 00065 17704 Wialt] W (deql IFA) IFid=g) 0.00 13.45 0.0066 -8.12

233.584 0.00 00003 0100
23792 -13.91 0.0004 -30.90
233.83 120007 00007 -17114
0.0 12508 00003 52592
| Fault |
WHWolt]  Weldegl kA It[deg)
4.52 2176 0.0002  177.ES
.46 2347 0.0006 -155.44
5.70 19.66  0.0000 12625
0.00 6573 0.0002 0.00
Fault Experiment:

WiVal]  WPldea) [HA) IF(degl WVilvalt)  Wfldeal 1A IF[deal
3d.dd 000 06712 -065 35.m 000 00284 -32.04
3435 -1M363 06707 -119.54 34.97 -19.66 00257 -151.26
34.55 120034 06738 118929 3511 120026 00285 8335
000 12613 00007 -573 000 12374 00007 17383
Gen

Wellal]  Wrldeg) k&) I[deg] WiWalt)  Weldeg) &) I[deg)
065 -12777 0013 -123.44 066 -13.25 0.0004 13744
063 -13512 0073 -13580 0.64 -137.13 00003 13550
064 -13652 0013 -135.14 066 -130.63 0.0003 127.44
0.00 -5.44 00342 4531 WVilValt)  Wildeal 1A IF[deg] 0.00 120357 0003 -136.14

3455 000 06477 0.33
3435 120000 06483 -11315
3463 11963 06480 12056
000 130453 0006 1390
| Fault I
Wialt)  Weldeg) ItA) Ideg)
034 -2226 0015 -133.27
0.3 -604 0006 -1537.67
027 -3345 0017 -132.53
000 -101.33 00333 -134.56
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1. Load Impedance=960+j660, normal mode, with NER=800 (2, with Zf=50.53 0 (NON-FAULT)

1 VA At
36184 36184 361.84 T ﬂ Datablock
""""""""" :"'*"""”'”””'””””””” e T e e Rt Mame  =Valage AL |Volage B/L2
! | Date  =2/10/2015 2/10/2015
' ' Time =53:04 AM 5:53:04 A
H H Y 8Scale = 361.84V/Div | 351.84V/Div
: : YAED% = 0.00Y
H ¥ #Scale = 20 msDiv| 20 meDiv
H 1 Kol = 0.0 ms 0.0 ms
H \' X Size =300(300) 300 [300)
: 3 Maximum = 339.68V 33|I2V
H H Minirurn = -345.91 -340.69Y
E E Mame = Voltage N
H H Date  =2/10/2015 241072015
H H Time  =553:04 AM 5:53:04 AM
: : ¥ Scale = 361.84 V/Div | 361.84 V/Div
.00y .00y 0.00% ¢ YALEDZ = 0.00V .
H H AScale = 20 meDiv| 20 ms/Div
H H RA0xE = ms 00 ms
X 8ize = 300(300) 300 (300)
H H Maximum = 337.56'Y 0.06%Y
: : Minimum = -342.16Y 0.00%Y
' : Cursor Yalues
¥ H Al 47 ms
A H ®2: 153 ms
H H dx: 106 ms
: : Y1: 33968Y
: : Y2347y
H H dv: -B8114Y
36184 36184 36184 <
0.0 ms 20 ms/Div
2
500.0 500.0 T
H MName = Current &/L1 | Current B/.2
Date  =240/2015 2M10/2015
: Time — =55304AM (55304 AM
H W Scale = 500 md/Div| 500 mADiv
H TAEDE = D0mh 0.0 ma
HSeale = 20 msDiv | 20 ma/Div
a0 = 00ms 0.0ms
*Size =300 (300) 300 (300)
Maximum = 275.2 mé, 271.8 ma
Hinimurn = -272.7 m& 2723 mA
MName = Current M
Date  =2/10/2015 2410/2015
Timne =EEZ04AM (56304 AM
Y Scale = 600 md/Div| 600 mA/Div
00ma  00m YALS0% = D0mb 0.0 ma
¥ Scale = 20 meDiw | 20 me/Div
KANODZE =  O0ms 0.0 ms
¥ Size =300 [300) 300 (300)
b aimum = 27008 md 1.4 md
Minimurn = -269.3 ma, 10.9 mé,
1 10.0ms
K2 202ms
i H dw: 102me
Y1 -267.8 mA
: : Y2 269.8 ma
. B d: B3TEmA
5000 5000 5000 & : : o
0.0ms 20 ms/Diiv
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1. Load Impedance=960+j660, normal mode, with NER=800 (Q, with Zf=50.53 ) (AFTER FAULT)

Woltage M

2
g0.00 G000 50.00 T ﬂ Datablock
H MName  =Voltage &/L1 |Voltage BALZ
; Date  =2/10/2015 2A10/2M5
' Time =E:08:28 AM E:08:28 AM
H ¥Scale = 60 WD 50 VADiw
: YarE0x = 000Y 0.00Y
B X5cale = 199 meDiv| 199 me/Div
H Rar0% = 00 ms 0.0 ms
1 ¥ Size = 300300 300 (300
: Maximum = 44,22 44.24y
B Minimum = -49.93% -49.89
: Mame = Wolage W
H Date  =2M10/2015 2A0/2M5
H Time = 08:28 AM E:08:28 &M
H YSeale = B0 WiDiw B0 WiDiw
000w 000y 0.00Y Yars0k = 0.00Y 0.00Y
WScale = 199 me/Div| 199 ms/Div
| WarDx = 00 ms 00 ms
W Size = 300(300] 300 (300)
1 Magimumn = 4456 0.06Y
i Mirirurn = -50.08 Y no2v
A Cursor Yalues
; K1 124 ms
H A2 340 ms
H dx: 217 ms
: Y1002y
: Yooy
! dy: 000y
G000 G000 B000 < .
0.0ms 19.9 ms/Diew
1 Current M P
1.0000  1.0000 1000.0 T T j Datablock
| 1 Mame = Curent 4/L1 Current BAL2
' H Date  =2410/2015 2110/2M5
! ! Time =E:08:28 AW B:08:23 Ahd
: H Y Scale = 1 A0 1 AdDiv
| \ W aEE0% = 0.0000A 0.0000A
| B ®Scale =199  me/Div 199 me/Div
i | HKar0x = 00 ms 00 me
i 1 #¥5ize  =300(300) 300 (300)
: H Maimum = 09108 4 0.9088 &
! H Minimurn = -1.0232 4 RAUETE
3 Mame = Current N
: Date  =2410/2015 2110/2M5
i Time = E:03:284M 6:08:28 A
EEEEEEE Y Scale = 1 A0 1 AdDiv
000004 1100004 0.0ma 5 YA = 000004 0o mh
N ®Scale =199  me/Div 199 me/Div
: HKar0x = 00 ms oo
| #¥5ize  =300(300) 300 (300)
\ Magimurn = 09162 4 36 md
: Minimurn = -1.0276 & 485 md
| Cursor Values
/ H1: B&ms
K2 298ms
e 233ms
Y1: -446md
Y2 B35md
dy:  98.0ma
-1.0000 -1.0000 A000.0 < J
0.0ms 19.9 ms/Div
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2.

Load Impedance=960+j660, normal mode, with NER=800 (, without Zf=50.53 ()

Non-Fault Experiment:

Wiolt]  WFldegl IF(A) I"[deq) ViVolt]  Witldeg) IF(A) IF[deq)
233.91 000 01320 -33.09 233.86 000 01318 -33.04
23794 -13.83 01316 -152.63 238.06 -113.81 01304 -153.08
23377 12003 04308 8Y.09 23882 120007 01832 8745

0.01 123170 00010 3506 001 12564 0.0Ms 17331

Gen

Wilolt)  Weldeg) 1A It*(deg) WilWole)  Meldeg) WA) It'(deg)
4.53 2173 00020 3.24 4.55 2214 00013 987
S.44 2854 00026 344 .47 2915 00025 513
564 2057 00021 -12.23 S.E3 1366 00022 1723
000 200893 0.0088 17V.04 Vel VPldeg) IHA) IF'[deq) 0.00 13.45  0.0066 -8.12

233.54 000 00003  101.00
23782 -113.81 00004 -30.30
233.83 12007 00007 -171.14
001 125058 00003 5232
I Fault I
Velale]  Veldeg) A) I'[deg)
4.52 2176 00002 177.69
Sd6 2347 00006 -155.44
5.70 1366 00001 12625
000 B573 00002 0.00
Fault Experiment:

WiiWall  WFldegl F(A) IF(deq) ViWaltl  MPldeg) 4] IF{deg)
2.52 0.00 08570 T.86 417 0.00 00038 -14.74
281 -106.27 06561 -11.65 415 -104.74 00035 -5524
2582 12866 06530 12767 413 13136 0.0035 45.41
0.00 133.71 00007 -113.03 000 13118 00007 -71.34
Gen

WilWall  Weldegl k(&) Ir(deq) WilWaltl  Meldeal &) I{deq)
006 -115.92 0013 -85.97 0.03 -44.04 00007 156.52
007 -101.86 00132 -34.90 010 -123.80 0.0000 12526
0oy -828 00133 -3514 011 -132.96 00000 -47.75
0.00 -34.60 0.0373 8641 IF*(deg) 000 TE48 00010 -102.46

TA.86
-33.65
-160.03
-1
| Fault |
Wivolt]  Wreldeg) ItA) I [deg)

021 -12173 00151 124.87
021 -12155 0.3z 133
021 12182 00134 12602
000 -2043 00373 12235
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3.

Load Impedance=960+j660, normal mode, without NER=800 (2, with Zf=50.53 ()

Non-Fault Experiment:

Wildol) WPideg) IHA)  IFideg) Vitvoll WFideg) KA1 IPideg)
233.74 0.00 01319 -3312 233.60 000 01919 -32.350
23307 -73.85 01326 -15253 23312 -13.75 01305 -153.142
24018 120033 018N 8731 24023 12041 091 8773

0.01 127.50 00022 514 0.01 12333 00023 -170.91
Gen Laad

Wilal]  Veldegl IdA) Ie[deq) Vol Weldegl R(A) Ildeg)
9.61 .43 00035 -2435 9.38 987 00033 -29.33
10.01 .75 00033 -24.56 1012 1530 00040  -21.41
10.45 311 00033 -35.55 10.60 10,05 0.0040 -37.40
0.00 16,36 0013 14335 WiVol)  Mfldeg) [F#A) IF[deq) 0.00 16.81 00103 -34.81

24020 0.00 00003 V282

23886 -13.71 00005 1547

2401 120,26 0.0005 -155.30

0.01 12335 00002 -36.03

| F ault I

WeWalt)  Veldegl k8] It*(deg)

076 10077 00001 -156.86

143 8536 00005 3433

103 4556 00002 -91z28

000 BETE 00003 -519

Fault Experiment:

VANl WPideg) IFIA) IFideg) VANl WPideg) IFIA) IFid=al
36.03 000 0ETI3 -0.65 35.36 000 00286 -3116
3592 -13.84 0.6633 -120.06 3531 -19.83 0.0286 -192.06
3606 12012 06722 1309 3550 12013 0.0285 5313
0.00 12542 00062 -127.57 000 11437 00003 S7a5
Gen Laad

Villolt)  Vildeg) &) I*[deg] Villolt)  Vildeg) &) I*[deg]
.45 -165.35 0.2243 -163.33 .43 -165.43 0.0050 13453
42 -1B548 02237 -169.32 143 -1B570 00050 13231
N47 -19.22 02237 -170.44 M4d -167.390 00051 13255
000 10783 06704 0.4z Viel)  WEldeg) IFA) IFid=q) 000 -153.35 00154 123.25

35,77 0.00 0.6464 0.60
3563 -13.81 06461 -1130
3593 M35z 0Ed481 12051
000 MY13 0.00ss 1MET
I Fzuilt I
Vilalt]  Wtldeg) [A) I'[deg]
137 -106.20 02210 -165.81
126 -10231 02216 -163.05
127 -9350 02205 -165.96
000 -M.23 06605 -169.27
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3. Load Impedance=960+j660, normal mode, without NER=800 (2, with Zf=50.53 Q2 (NON-FAULT)

Yaltage 4/L1

1
36184 26194 361.84 T

Diatablack
Mame  =Voltage &/L1 |Voltage B/L2
Date  =2410/2015 21102015
Time = E:40:52 AM E:40:52 A
¥ Scale = 361.84%/Div | 361.84V/Div

YAEDE = 000W 0.00Y
AScale = 20 me/Div| 20 meDiv
ALz = 00 ms 00 ms

X &ize  =300(300) 300 (300)
Maximum = 335.43% 32962y
Minimum = -338.62% -337.30Y
Mame Woltage M

Date =2/M10/2015 21072015

Time 6:40:52 AM E:40:52 A

¥ Scale = 361.84%/Div | 361.84V/Div
0.00v 0.oov o.oov YArED% = 000Y 0.00Y

A Scale 20 meDiv

KAz 00 ms

X Size 300 (300

Marimum = 333.94% onay

Mimimum = -335.96% 0.00Y

Cursor Walues

X1: BB ms
K2 4 ms
dx: 3.0 ms
Y1 32910
Y2 -33MERY
dv: BE3FDY

36184 35184 361.84 <
0.0 ms 20 ms/Diw
1 Current N 2
500.0 500.0 500.0 T T ﬂ Datablock
Mame = Cument 4701 | Current B/L2
: ' Date  =210/20015 | 2A10/2015
' | Time = B:40:52 A E:40:52 &M
H | ¥ Scale = 600 mA/Div| 500 md/Div
! 3 YAGD% = D0mh 0.0m
H | HScale = 20 meDiv | 20 me/Div
H | AADE = 00ms 0.0 ms
E ] »Size = 300(300) 300 (300
h ! Marimum = 271.3 m& 269.8 mé
B . Minimumn_ = -271.3 mé, 2727 mé
Mamez = Curent N
B . Date  =210/20015 | 2A10/2015
¥ ; Time  =G40524M | BA052 A
L : >< ¥ Scale = 500 mA/Div| 500 mA/Div

00ms  00mé 00md e T ; s YALEDZ = 00md 0.0 ma
H + wScale = 20 ms/Div | 20 ms/Div
: : Ha0% = 00ms 0.0 ms
! ' ®Size  =300(300] 300 (300
H | Maximum = 268.8 mb 2.3 mé
: | Mirimumn = -270.3 mé, -19.3 méd
——— Cursor Yalues
L ! %10 100ms
H | "2 2B2ms
| | dx: 162ms
' : W1 15.3md
: ; Y2 208mh
: : dv: 361 mh

-B00.0 -600.0 000 & : - J
0.0 ms 20 mx/Div
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3.Load Impedance=960+j660, normal mode, without NER=800 (), with Zf=50.53 Q (AFTER FAULT)

Waoltage M

10000 100.00 100.00 Datablock
Mame  =Vaolage &/L1 |¥oltage B/LZ
Date  =2/10/2015 2410/2015
Time  =E05:454M E:BE45 AM
Y¥Scale =100 VADiv 100 W/Div
YAE0% = 0.00Y 0.00%
RScale = 20 meDiv| 20 ms/Div
AA0% = 00 ms 00 ms
¥ Size  =300(300) 300 [300)
Maximum = 60.43% 60424
Minimum = -67.02% £7.09Y
Mame = Yaltage N
Date  =2/10/2015 2410/2015
Time  =E05:454M E:BE45 AM
/ ¥ Scale =100 WDiv | 100 W/Div
0oov 000y 000V == YALS0% = 0.00V 0oy
RScale = 20 meDiv| 20 ms/Div
AAa0x = 00 ms 00 ms
X 8ize  =300(300) 300 [300)
Masimum = 60314 006y
Minimum = -67.05% onzy
Cursor Yalues
Al 17 ms
A2 395 me
de: 378 ms
Y1oo002y
Y2: 004y
dv: 0.02Y
100,00 -100.00 10000 &
0.0ms 20 ms/Div
1 Current N 2
20000 20000 2000.0 T T Datablock
H : ﬂ MName = Curent /11 Currert BAL2
Date 2A0/2m5 2A0/2015
' | Time 5545 &M E:55:45 Al
H | ' Scale 2 LD 2 B0
¥ ALED% = 000004 0.0000 &
B T ¥ Scale =20 ms/Div 20 ms/Div
: MAKDE = 00 ms 0o
i = Size 300 (300 300 (3000
: bt agirmurn = 1.2340 4 1.2301 &
| Mirimum = -1.3642 4 -1.3E13 A
: Name = Currert M
: Date 2104208 2A10/2015
: Time: :55:45 AM E:55:45 &M
' ' Scale 2 A/Div 2 A0
0.00004 0.00004 0.0méd, Y aEE0% = 000004 00 ma
. #Scale =20 me/Div 20 mzADiv
: A% 00 - ms 0o ms
= Size 00 (300) 300 (3000
; Masimurn = 1.2296 4 9831 mh
: Minimum = -1.3632.4 G247 mh
,,,,,,,,,,,,,,,,,,,,,,,,,,,, ; Cursor Values
=1 1.1 ms
®Z:r o 243ms
d¥: 233ms
T 9831 mA
Y2 G177 mh
dY: -1900.8 mé&
-2.0000  -2.0000 20000 <
0.0ms 20 ms/Diiv
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4.

Load Impedance=960+j660, normal mode, without NER=800 (), without Zf=50.53 Q

Non-Fault Experiment:

VM) WFideg) 18] IF[deql WiVol)  WE[deg) [f4A) IF{deql
233.74 000 0133 -3312 233,60 000 01513 -3230
23307 -13.85 01326 -152.53 23312 -13.7% 01303 -153012
24098 12033 0191 g7.31 240023 120040 018M §7.7S
0.01 12780 00022 AL 001 12333 00023 -170.91
Gen Load

Vil\olt)  Wideg)  It[&) I*[deq) Willolt)  Wideg)  It[A) I*(deq)
3.61 .43 00035 -24.35 .38 387 00033 -23.33
10.01 1475 00033 -24.56 1012 1550 0.0040  -214
1043 31 00033 -35.85 10.60 1005 0.0040 -37.40
.00 1836 0013 14395 VilVolt)  WE(deg) If(A) IF*[deal .00 1681 0,003 -34.81

24020 000 00003 7282

23586 -13.71 00005 -11S47

240,01 120026 0.0005 -155.30

001 12393 00002 -86.03

I Fault |

Vil\olt)  Wideg)  It[&) I*[deq)

076 10077 0.0000 -156.86

143 8536 00005 3433

103 4556 00002 -9128

000 6676 00003 -5191

Fault Experiment:

Wil WPIdeg) IF8) IFldeg) VilWal)  Wildegl IA) IF{deq)
S.45 000 0.709 T.45 4.67 0.00 00043 -4357
547 -106.84 07052 -11212 4.685 -1053.76 00040 -52.20
551 123.03 0704 12721 4.70 12666 0.0033 1642
0.00 -16.73 00106 -52.44 000 T283 00007 -55.22
Gen Laad

Wilwolr)  Wildeg) k(&) I[deg] Wilwol)  Wirldeg) k(&) It*[deg)
024 -W5.27 03642 -17.66 0.20 -1¥025 00002 Sd.d4
0.27 -144.53 0.3636 -M7.86 0.24 -14017 0.0002 1389
026 -1413 03632 -145.07 0.22 -133.33 00002 -126.73
000 4642 10878 3227 Wl N (4] IF*[degl 0.00 3550 00013 19507

5.83 07025 -126.88
580 07036 115.41
5.85 07053 -6.75
0.00 0.070 3212
I Fault I
Wialk)  Vr(deqg) k(4] It[d=ql
018 163.45 03621 16873
0.20 168.62 03627 169.02
013 1E510 03625 16317
000 5415 10820 16361
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5. Load Impedance=960+j660, filter mode, with NER=800 (2, with Zf=50.53 )
Non-Fault Experiment:

WiMal)  WEldegl &) IF(deg) WHMal)  VEldeg)  IFA) IF{deq)
233.30 000 01961 -32.37 233.87 000 01316 -33.03
23887 -1M3.76 01347 -152.84 238.87 -113.75 0.1304 -153.04
24013 12031 01343 86597 24012 120.30 0.1304  &7.40

0.01 128537 00005 -14.64 0.01 127.97 00006 -10150
Gen Laad
Williol]  Wreldegl kLA I[deq) Williol)  Vildeg) hA) It*(deg)
050 -122.87 0.0033 121 051 -11851 00014 5726
062 93.04 0.0046 10.41 064 9493 00006 6513
073  -657 0.0039 29 075 -616 00008 ST.T3
000 3898 00124 -170.82 VHMol)  VPdeg) 1) IF(deqg) 000 5858 0.0125 678

24135 000 00003 3355
23313 -13.068 00006 -34.07
23850 120084 00007 673

001 13085 0.0002 145853

I Fault |

WMal]  Veldeg) A It*(deq)
064 -134.05 00001 127.33
077 9652 0.0004 10227
0.64 073 00018 12054
000 59336 0.0001 7192

Fault Experiment:

Vel WFldegl A IF[deal VHMal) W dea) A IFideq)
3760 000 06733 -0.71 3E6.92 0.00 0.0305 -3256
3751 -113.81 06783 -120.25 36.83 -13.73 00303 -15102
JTES 120026 06300 M90S 36.93 120022 00300 8312

000 12633 00023 -5.89 000 12107 00015 -173.29
Gen Load
Vilal]  Wrldegl A) I(deal Mrilalt)  Veldeagl A Irideq)
032 -121.24 0015 -137.06 033 -125.87 00001 7594
032 -108.26 0013 -130.36 0.3 -107.82 00002 15123
035 -1231 0013 -137.69 033 -M87v3 00002 8796
000 8787 00343 4580 WHMol) WP deg) &) IF(deg) 000 -164.90 0.0202 -148.37

36.52 000 06545 126
36.d2 -124.70 06533 -120.33
36 M3 06550 MESS
000 2261 0001 47702

I Fault I

MriMelt)  Veldeg)l &) Iideg)
0.25 8683 00063 -13268
027 3072 00052 -16.74
0.23 4750 0.0053 -148.96
ooo 15113 00164 12513
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5.Load Impedance=960+j660, filter mode, with NER=800 (), with Zf=50.53 Q) (NON-FAULT)

Walage A1

36184 3E184

Datablock
="oltage /L1 |Voltage B/LZ
Date /1072015 2/10/2015
Time = 74339 A0 F:48:39 AM
¥ Scale = 361.84V/Div | 361.84 V/Div
Y ALS0% = v

Hame

# Scale 199 ms/Div| 199 ms/Div
HAL0E 0o ms 0o ms

¥ Size =300 (300] 300 [300)
Maximum = 343,60V 34960
Minimum = -343.93V -343.58Y
Mame “oltage N

Date
Time

A10/205 2A10/2M5
148:39 AM F:48:39 AM

¥ Scale = 361.84V/Div | 361.84 V/Div
000y ooov YALS0%E = 000V 1
HScale = 199 me/Div| 199 ms/Div
XA0E = 00 ms L0 ms
X Size 300 [300)
Magimum = 348.20° ooey
Minimum = -347.03V oozy
———— Cursor Values
#1: 55 ms
Rz: 34T ms
d=: 293 ms
Y1 34800V
Y2 34393V
dv: -BA7.93Y
-361.84 36184 -361.84 &
0.0 ms 198 ms/Die
1 Current M
500.0 500.0 500.0 T Datablock

H Name  =Cunent &1 | Curent B/LZ

Date 21042018

: Time 7:48:39 AM

H ¥ Scale 500 mA Div

: ¥ Ak E0% 0.0 md

H * Scale 19.9 me/Div

H A0 ms ms
#Size =300 (300 300 (300
Maximum = 283 6 ma, 2831 mb
Mirirmum -275.2mh
Name Current N
Date 2A10/2015
Time: 7:48:39 A
¥ Scale = 500 m&/Div| 500 ma/Div

00md  O0md YAE0%E = O0md 0.0ma
®Scale = 199ms/Div | 19.9msDiv
w0 0.0 ms 0.0ms
# Size 00 (300] 300 (300
Maximum = 2826 md, 228 mh
Minimum = -273.2 mA 23.3mh
— Cursor Yalues
#1: 120ms
#2: MBms
dx: 2289ms
10 15.8ma
T2 198 mh
dY: 356 md
500.0 -500.0 000 &

0.0 ms 19.9 ms /D
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5.Load Impedance=960+j660, filter mode, with NER=800 (), with Zf=50.53 Q (AFTER FAULT)

Waoltage M

50.00 5000 50.00 Datablock.
Mame  =Volage A/L1 |Volage B/LZ
Date = 24072015
Tirne: =72 2610 AM
TScale =680 WD [ B0 W/Div
TAare0% = 0.00Y 0.00Y
MScale =20 me/Div| 20 me/Div
war0x = 0.0 ms 0.0 ms
#Size = 300 (300
[SEE 4663
Mikirnurn = -43.44' -49.39Y
Mame = Woltage M
Date = 2A0/2015
Time = 72610 A
Yhcale =60 WDhiv [ B0 W/Div
000y ooy 0.00% - T are0% = 0.00Y 0.00%
HGeale = 20 ms/Div[ 20 ms/Div
0.0 ms 0.0 ms
00 (300] 300 (300
46.93% 0.06%
Mirirum = -49 65 % nn2y
Cursar Yalues
%1100 ms
K2 298 me
d¥: 198 m:
v 002y
T2 004y
dy: 002V
B0.00 -50.00 BO00 &
0.0ms 20 mis/Diee
2
20000 20000 8307.1 T
: Mame = Current A/LT Cunent BALZ
: Date /10/2015 2/10/2015
! Time  =7:26:10 AM Fr26:10 AWM
H YScake = 2 A0 2 AfDiv
Y AREO% = 0.00004 0.0000 4
H » Scale 0 ms/Div 20 ms/Div
KAO% 00 ms .
X Size =300 (300 300 [300)
Masimum = 0.9662 & 0.9672 4
Minimum = -1.0197 & 102224
Narme Cunent N
Date /1072015 2/10/2015
Time <2E:10 AM 72610 AM
Y Scale = 2 AdDie 8.3071 ADiv
0.00004 0.00004 0.0maA Y ALE0% = 0.00004 0 ma
¥ Geale =20 ms/Div 20 msdDiv
0o ms
300 [300)
556 mh
490 mh
A1 B2 ms
A2:0190  ms
dx: 108 ms
Y1 -.0202 48
Y2 0.9687A
dv.  1.98834
20000 -2.0000 83071

00ms 20 ms/Div
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6. Load Impedance=960+j660, filter mode, with NER=800 (2, without Zf=50.53 ()
Non-Fault Experiment:

Wilolt)  Wildegl LA IF*[deg) VoI WF(deg) ) IFdeg)
233.90 0.00 01381 -32.97 233.87 000 01316 -33.03
23587 -NM3.76 01947 15284 23587 -13.75 01304 -153.04
24013 120031 01343 8697 24012 120030 01304 8740

001 12897 00005 -14.64 0.01 12797 00006 -101.50
Gen Load
Urialt)  Wrideg) IMA) I(deq) Weal)  We(deg) It Itldeq)
0.50 -122.87 00033 121 051 -Mg51 00014 8726
062 33.04 00046 10.41 064 34533 0006 6513
0.ya -B57 00033 291 075 -6 00003 5773
000 3833 0024 -17082 VoI WF(deg) HA) IF*[deq) 000 5353 0025 E.75

24135 000 00005 5355
23313 -13.06 00006 -34.07
23850 12084 0.0007 B3

0.1 130,85 0.0002 14853

I Fault |

Vol W (deg) It It*(deg]
064 -134.05 00001 127.33
077 3652 00004 0227
0.64 073 00015 12054
000 3856 00001 7192

Fault Experiment:

WENal]  WEldeg) A IF[deg) VENal]  VPldeg) THA) IF(degl
291 000 0633 3.66 2.45 0.00 00023 -4.13
2391 10416 O0.6576 -103.93 245 -10160 00022 -65.02
292 13108 0631 12343 247 13201 00021 3587
000 12352 0.0024 2,80 000 123.58 00010 -108.02

Gen Load

WMi\al]  Weldeg) HA) It*(deg) Wiilalt]  Ve(degl IA) Ir[deql
0.01 -107.31 00150 -8017 001 -35.27 00002 -1v5.82
002 -0800 00122 -34.48 001 -9.80 00001 5332
ooz -0607 00137 -30.51 002 -18.57 00001 -82.68
000 1134 0.0336 IE1 W alt) IF&) IF(deg) 000 14464 00013 -138.88

4.89 0.00§ 06351 15061

0.00 § 06530 3034
-1.27 06300 -83.36
0.001 32685

I Fault |

WilWoltl  \e'(deg) (8] I*(deg)
026 3334 003 -2225
0.26 3815 00121 -25.44
026 331 00137 -M62
0.00 -4085 00383 -2581
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7.

Load Impedance=960+j660, filter mode, without NER=800 (), with Zf=50.53 Q)

Non-Fault Experiment:

ViVal)  WEdeqgl IFLA) IF'[degl Vel WEdeq) IHA) IF[deq)
240.27 0.00 01340 -33.65 240,15 000 oAy 3307
23333 -M3.65 013584 -152.33 23365 -119.82 01311 -153.15
24066 12042 01341 58.03 24073 12020 01314 8745

0.01 130.24 00107 11.03 0.0 12827 00103 -178.25

Gen Load

VilValt)  Weldeg) bGA) Ie[degl Vielt]  Weldeg) &) Ideg)
328 12584 00331 -30.77 303 =135 00010 2212
3.64 16.35 000337 -30.20 33 1025 00015 1.48
4.37 -5.26 0.0834 -3127 440 -0.77 00012 -d44.22
0.00 10.47 02432 149.32 VHVelt)  Wideq) IF(A) IFldeq) 000 4504 02651 -3130

2431 0.00 00011 5225

23862 -116.33 00006 -6127

23873  119.83 0.00M0 -161.20

001 12897 00001 -40.86

I F auilt I

Villalt]  Wildeg) [A) I'[deg)

085 3552 00001 13276

147 9553 0.0004  37.50

125 15.04 00019 105.83

000 4926 00001 13241

Fault Experiment:

ViVl WEdeagl IFLA) IF[deg) VilValt)  WFldeq) [F(A) IF(d=q)
35.9% 000 067 -0.69 35.46 000 00253 -30.43
35.85 -13.83 06747 120030 3533 -113.36 00235 15173
359,98 120,22 06TVTY T34 3548 12007 00237 §9.03
0.00 11374 00053 -63.75 0.00 13307 00082 VEE3
Gen Laad

WMol Wi(deg) A It*(deg) WMithalt]  MiTdeg) @) Ieideq)
.44 -163.37 02613 17376 .41 -16345 00023 13546
635 -163.73 02608 17362 E.31 -163.26 00023 13453
642 -163.95 026058 17325 E.41 -163.34 00025 13324
0.00 -12413 0.7826 0.0a Wialt)  WFdea) [FA) IFideq) 0.00 2236 07832 16455

I7.6S 000 nEesd2 128
3491 -NE02 06520 -118.51
30,23 M3ES 0ES2E 12140
0.00 12536 00045 7373

I Fault I

Wiialt]  Wtldeg) It It (deg)
115 -8121 01243 16110
107 -TEE 01230 -162.66
111 -7372 01237 -162.86
0.00 16841 03634 -162.12
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7. Load Impedance=960+j660, filter mode, without NER=800 (2, with Zf=50.53 0 (NON-FAULT)

Yaltage A1

36184 3R1.84 361.84 Datablock
Mame — =Voltage /L1  |Voltage B/LZ
Date  =2/10/2015 2/10/2015
Time  =743:504M T:43:50 &M
Y Geale = 361.84%/Div | 361.84 V. Div
YAED%X = 0.00V
X Scale = 20 meDiv| 20 me/Div
HXar0x = 00 me 0.0 ms
X Gize  =300(300) 300 (3001
Maximum = 341.16% 34235y
Minimum = -348.48'¥ 34675 Y
Mame = Yoltage M
Date  =2/10/2015 2/10/2015
Time  =7.43:504M 74350 A
ooy .00V .00V ¥if;l§z : 3E1D ngmw 361.84 %/Div
#Gcale = 20 me/Div| 20 ms/Div
HAa0x = 0.0 ms 0.0 ms
#¥Gize  =3001(300) 300 (300
Maximum = 341.94 % 0.06Y
Minimum = -345.48% o.ooy
—— Cursar Walues
K1 38 ms
K2: 338 ms
dx: 300 ms
Y¥1: 33335V
Y2 -348.48Y
dv: -687.83V
36184 36184 36184 &
00 ms 20 ms/Div
Current N
500.0 500.0 500.0 Datablock.
Mame = Cument A1 | Curent BAL2
Date  =2/10/2015 2/10/2015
Time — =743604M | T:43504AM
500 mé/Div| 600 mADiv
0.0 ms 0.0ma
20 ms/Div [ 20 ms/Div
0.0 ms 0.0ms
300 (300 300 (300
350.4 mé 362.3ma
Minirmurn = -346.0 mé, 3629 ma
Marne Current M
Date 2A0/2015
Time : T:43:50 AM
¥S5cale = 500 ma/Div| 500 mADiv
00m&  00ma 0.0mé YALS0E = 00ma 0.0ma
MScale = 20 ma/Div | 20 ms/Div
HADE 0.0 ms 0.0ms
X 8ize  =300(300) 300 (300
Maximum = 3559 md, 3911 mb
Minimum = -344.5 mé, -405.4 md
Cursor Values
®1: 14Ems
Rz dTms
d=: 107 ms
Y1 -402.4 md
Y20 3051 md
"""""""""""""""""""""""""""""""""""""""""""" dy: 7875 ma
-500.0 00,0 000 &
0.0ms 20 ma/Driv
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7.Load Impedance=960+j660, filter mode, without NER=800 (2, with Zf=50.53 (0 (AFTER FAULT)

1 Waltage M 5
100.00  100.00 100.00 T T ﬂ Diatablock.
H | Hame  =%olage A/L1 |Valtage B/LZ
: : Date  =2A0/2015 | 210/2015
' ' Time =71350 &M F13504M
H H Y¥Scale =100 W Div | 100 W/Div
H H YAGDZ = 0.00Y 000y
H H XScale = 20 ms/Div| 20 ma/Div
H H RADE = ms ms
H H X Size  =3001(300) 300 (300
: : Maximum = 53.75 Y 53,75
H i Minimum = -55.B3Y 555
: : Mame = “oltage M
j ! Date  =2/10/2015 2410/2015
/: H Time  =713:50 AM 71350 &AM
/ Y Seale =100 W/Div | 100 W/Div
0.0y 000y - YAEDZ = 0.00Y 0.00Y
H AScale = 20 me/Div| 20 ms/Div
: Kat0x = 00 ms ms
: X Size  =3001(300] 300 (300)
H Maximum = 53.88 Y 0.06%
: Minimum = -55.57 ¥ ooy
: ——— Cursor Values
[ K10 1.2 ms
v H K 382 me
H H dx: 380 ms
: : Y1: 004V
: : Y2: 004y
H H dv:  0.00v
-100.00 10000 0000 < | =
0.0 ms 20 ms/Div
1 Current N 2
20000 2.0000 2.0000 T T = Datablack,
H 1 J Mame  =Curent&/L1  |Current B/L2
Date  =2A0/2015 21042015
: : Time  =71350AM 71360 AM
H H ¥icale = 2 AdDiw | 2 AfDiv
| | Y AarEDx = 000004 0.0000 &
#5cale =20 ms/Dhiv | 20 mz/Div
""""""""""""""""""""""""""""""""""""""""" HA0Z = 00 oms 00 ms
X Size  =300(300] 300 (300
Maximum = 1.4221 & 14251 4
Minirmum = -1.3276 A A.3325 4
Name = Currert N
Date  =2A10/2015 2/10/2015
Time  =7:13504M 71350 AM
¥ Scale = AdDiv | 2 AdDiv
0.00004 0.00004 0.00004 vALE0% = 000004 0.0000 4
XScale =20 mesDhiv | 20 ms/Div
RA0z = 00 ms 00 ms
W Size =300 (300 300 (300)
Marimum = 1.4256 A 11187 4
Mirimum = -1.3316 4 11538 4
Cursor Yalues
®lo T ms
—————————————————————————————————————————————————————————————————————— wa: 3 ms
H H dx: 234 ms
Y1 111724
: : Y2 116384
H H dv: 227114
-2.0000 -2.0000 20000 & s s J
0.0ms 20 msdDiv
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8.

Load Impedance=960+j660, filter mode, without NER=800 (2, without Zf=50.53 ()

Non-Fault Experiment:

Vol WETdeg)  FTA) IF[deq) Wivol)  WE(deg) [FA] IF*[deg)
240.27 0.00 01340 -33565 24018 000 01317 -3317
233,33 1365 01334 -152.33 23365 -13.82 01311 15315
24066 12042 01541 88.03 24073 12020 01914 5745
0.01 13024 00107 .03 001 12827 00103 -178.25
Gen Load

VilWalt)  Wrldegl (&) I[deq) Vilal]  Weldeg) IA) Ie(deg)
3.2 -12.84 0083 -3077 3.03 -135 0000 2212
3.64 16.95 0.0537 -30.20 381 1025 00015 145
437 -5.26 005334 -31.27 440  -0.77 00012 -44.22
0.00 1047 02452 149.32 Wial)  VEdeal [FA] IF[deq) 000 4504 02651 -3130

2431 000 0001 5225

23362 -18.93 00006 -6127

23873 M3.83 0000 -161.20

0.1 12837 0.0001 -40.86

| Fault I

WilWalt)  Veldeg) kL&) It*(deg)

085 8382 00001 13276

147 3858 00004 3750

125 15.04  0.0013  105.63

000 4326 000001 132

Fault Experiment:

WHYal]  WFldeg) FA) IF[degl Wial]  WFldeal A IFldeal
2.56 000 0883 463 244 000 00027 11527
256 -109.24 06767 -114.55 244 0676 00022 55393
257 12602 06313 12457 245 12538 00020 15341
0.00 -14.52 00204 13194 0.00 -136.73  0.0005 £.71
Gen Load

WHal] Weldeg) kA It*[deg] Wial]  Weldeg) kA IrTdeal
0.07 -152.75 03565 -15613 0.06 -14826 00002 -156.83
0.03 15227 03552 1547 0.07 -147.53 00000 5706
0.03 -15267 03557 -155.80 0.07 -1d7E1 00001 -FO.E1
0.00 1854 10862 2456 WHMalt) IF[deq) 0.00 14236 00047 -166.33

4,30 26.47
4.25 -33.35
4.25 146.23
0.00 104.40
I Fault I
Wibalt]  Weldeg) (&) It(deg)
074 2362 03558 -3042
015 2365 03533 -9112
045 3005 03533 -31.34
0.00 -4.01 10572 -91.28



