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Abstract

Artificial neural network(ANN) strategy was developed as a method of

using a large number of simple parallel processors to recognize preprogrammed,

or "learned", patterns. This approach can be adapted to recognizlng learned pat-

terns of behavior in electric power systems where exact functional relationships

are neither well defined nor easily computable, and is able to compute the answer

quickly by using associations lea¡ned from previous experience. Certain problems

in power systems, with their inherent nonlinea¡ a¡rd complex nature, seem ¿une-

nable to solutions tlrough tralned ANNs.

A distance relay is an important protective relay with its excellent per-

formalce for transmission line protection. However, the suitability of conventlonal

distance relays to adapt to charge in source impeda¡ce and to t]re effect of remote

infeed and nonlinea¡ arcing fault resistance is still unsatisfied. utilization of ar-

tificial neural networks is a good strategr for those problems, using pattern rec-

ognition, a basic function of distance relays.

The goal of this thesis is concentrated on creating more selective ground

fault detection by using arlificial neura,l networks. Ttøo applications of a¡tificial

neural networks to distance protection are presented in this thesls, one for non-

Iinear arcing fault resistance and another for remote lnfeed, At the current stage
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of resea¡ch, only single-line-to-ground faults are considered because most faults

in power system transmission lines are line-to-ground faults.

In the case concerning the effect of remote source infeed, research was

focused on creating more sensitive ground fault detection in spite of pre-fault

loading in either direction, variable source impedance and varlable ground fault

resistance. A matured power system simulator named Electromagnetic Tra¡r-

sients Simulatlon Program (EMTDC), was utilized to create tlle training a¡rd test-

ing cases with varying system parameters. The proposed neural network was

trcÍned using many load and fault cases, úesúed using cases with different system

conditions and run using more detailed fault cases along the whole transmission

line,

In the case concerning the nonlinear nature of arcing flault resista¡rce,

research was focused on creating more sensitive arcing fault detection, especially

for radial distribution lines where a¡c resistance can be a significant part of the

zero sequence impedance. A neural network was traíned, tested and run by

three sets of pattern vectors with different system conditions. A simple power

system model and a nonlinear arcing fault reslstance model were used to collect

training, testing and running patterns for the proposed neural network. A new

operating characteristic based on fault voltage instead of fault resistance was

devised.

The prospective ANN distance relays showed very good performance in

detecting a single-line-to-ground fault with the effect of remote source infeed, or

with nonlinear arcing resistance along the whole transmission line. Basic prin-



ciples learned from this investigation of application of ANN's to power system

protection will be of value to future advances in this direction.
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Chapter One

Introduction

The capital investment involved in a power system for üre generation,

transmission and distribution of electrical power is so great that proper precau-

tions must be taken to ensure that the equipment not only operates as nearly as

possible to peak efficiency, but also that it"is protected from accidents. The pur-

pose of protective relays and relaying systems is to operate the correct circult

breakers, so as to disconnect only tJ:re faulty equipment, such as generator,

transformer, busbar, or transmission line, from the system as quickly as possi-

ble, thus minlmizing the trouble and damage caused by faults when they do

occur.

As power systems increase in size and complexity, a desire for a more

accurate and faster power system protection method and protective devices is

always present among relay engineers. Modern protection systems have become

more and more complicated due to increased requirements for sensitivity and

selectivity. In the past few decades, there has been explosive growth in studies

and applications of artificiaì neural networks for englneering problems. Engi-

neers are naturally attracted to flnding ways to use a¡tificial neural networks for

solving complex protection problems,
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1.1 The Suitability of Artiûcial Neural Networks for Power
System Protection

Artifìcial neural networks (ANNs) have been studied for many years witfi

the hope of achieving human-like performance in solving certain problems in

speech and image processing. There has been a recent resurgence in the fìeld of

neural networks due to the introduction of new network topologies, training al-

gorithms and VI,SI implementation techniques. The potential benefits of neural

networks such as parallel distributed processlng, high computation rates, fault

tolerance, and adaptive capability have lured researchers from other fields such

as controls, robotics and energy systems to seek neural network solutlons to some

of their more difûcult problems.

Artifìcial neural network strategy was developed as a method for using

a large number of simple parallel processors to recognize preprogrammed, or

"learned", patterns. ThÍs procedure is called pattern recognition, and deffned as

an abstract formulation of the categorìzation of tasks in pattern classification,

which is the dominating fìeld of the applications of neural networks. This approach

can be adapted to recognizing learned patterns of behavior in an electric power

system where exact functional relationships are neither well defìned nor easily

computable. It is able to compute the answer quickly by using associations

learned from previous experience. Certaìn problems in power systems, with their

inherent nonlinear and complex nature, seem amenable to solutions through

trained ANNs.
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In electric power system protectlon, the relays make decisions depending

on input information (voltage and current patterns) and separate decisions into

two categories: normal operation and fault. Neural networks appear to offer fea-

tures which coincide well with the requirements of protective relays. Distance

protection can be conceptualized as a pattern classiflcation problem which in-

volves the association of patterns of input data representing the behavior of the

power system into one of these two categories.

1.2 Previous Research Efforts on Applications of Artificial Neural
Networks to Power System Protection

Artiflclal neural networks have been recently proposed as an alternative

method for solving certain traditional problems in power systems where conven-

tlonal techniques have not achieved the desired speed, accuracy or efficiency.

Neural network applications that have been proposed in the llterature

can be categorized under three main areas: Regression, Classiûcation a¡rd Com-

binatorÍar optimizationll ]. The applications involving regression include transient

stability, load forecasting, slmchronous machine modelling, contingency screen-

ing and harmonic evaluation. Applications involving classification include ha¡-

monic load identification, fault diagnosis and aìarm processing, static security

assessment and d5mamic securit5r assessment. In the area of combinatortal op-

timization, there are topologlcal observabilit5r and capacitor control. In this sec-

tion, an overview of the reported neural networks applicatlons to power system

protection is provided.
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1.2.L Application of ANN to High Impedance Arclng Faults Detection

A high impedance fault (HIF) on a power system distribution line could

be due to a downed conductor, a¡d is a dangerous situation because the current

may be too small to be detected by conventional relays. Such faults do not cause

significant trouble for the integrity of the electric power system, but an energized

conductor lying on ground has the potential to inJure human and animal as well

as cause property damage.

The Unlversity of Manitoba[2]l3]

Resea¡ch at The University of Manitoba has ptayed a leading role in the

detection of arcing high impedance faults using artificial neural networks.

Based on the study of the nature of HIF, waveforms of high impedance

faults as well as loads that behave or appe like hlgh impedalce faults were

collected and processed. The detection parameters used in a number of existing

hlgh impedance fault detection algorithms were extracted. Then, a feed-forward

three-layer artificia,l neural networh was trained by high impedance fault, fault-

like, and normal load current patterns, using the back-propagation training al-

gorithm. The neural network parameters were embodied in a high impedance

arcing fault detection algorithm.

The ANN based algorithm was tested by traces of normal load current

disturbed by currents of faults on dry and wet grassy soil, arc welder, computer,

fluorescent light, a-rld sinusoidal loads. The results of this study indicated that
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the neural network was able to reach a general solutlon of the problem for the

available training patterns.

A high impedance fault detector was implemented later on, based on

above ANN aìgorithm in a PC environment. The performance of tïis detector was

very good[4].

North Carolina State University[5]

It was concluded that the neural network approach has potential to

detect high impedance faults. A typical distribution system with capacitors and

induction motors fed from power electronic circuit was simulated by using the

Electromagnetic Transients Program(EMTP). Capacitors were included in the

feeder model for demonstrat-ing the switching events that must be distlnguished

from faults. Induction motors were set up to provide HIF detector current har-

monic samples generated in normal operation and the possible arcing faults.

TWenty parameters were computed for each 512 sample-per-cycle-per-phase win-

dow to represent the status of the system undergoing a transient. A preprocessor

extracts pertinent information on the state of the feeder over 10 cycles ofoperation

for neural network. A proposed neural network, containing 200 input neurons,

200 first hidden layer neurons, 400 second hidden layer neurons and one output

neuron, was trained by a 5O-vector tralning set in 38 iterations uslng the back-

propagation algorithm. A detection set, consisting of 100 input vectors represent-

ing feeder operation, was collected and then passed to the detector. In most cases

the neural network responded correctly.
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For a practical implementation of a htgh impedance fault detector, a

fault data library obtained from measurements in t]re field would have to be used

to train the network. The parameters used to characterize the current waveforms

and the number of data windows which were used to show time-var5rlng effects

also need to be re-examined.

University of New Brunswickl6]

Detection of High Impedance Faults using artificial neural networks was

developed in a novel approach at rhe university of New Brunswick. The ANN

based detector utilizes a discrimlnant vector of low order ha¡monics, namely 2nd,

3rd and Stl of the sampled and transformed three phase resldual voltage, current

and power at the substation feeder distribution transformer secondar¡r. The three-

layer neural network consists of t8 input nodes, 17 hidden nodes and one output
node. Digital slmulatlon was performed using ATp-EMTp for different varìations

of fault types, fault location, equlvalent loading, capacitor a¡rd line switching, etc.

The arcing high impedance fault was modeled as two sets (positive and negative)

of diodes in series with a resistance and a DC source. This detector provides

robust and precise detection by tolerating high noise content in the acquired

signals.

1.2.2 Application of AI|IN to Transmission Line protectlon

Delft Unlverslty of Technology, The Netherlandsl7]

The adaptation of a distance relay to the power system state could be

achieved by correcting the relaytng settings wlth a nonlinear factor whlch was
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traced by a neural network, The faults in a weakened power system often caused

serious power system disturbances, over-tripping of relays and sympathy trips

easily happen due to inappropriate settings. The calculation of the fault distance

by a distance relay was hampered by inappropriate settings because ofthe dy-

namic character of the power system. These included changes in load and gen-

eration, and change in the topologr of the power system. Simulation of a double-

circuÍt line showed that the locus of measuring lmpedance by a distance relay

was a nonlinear curve which was caused by the zero sequence current. An artificial

neural network was introduced to trace this nonlinea¡ effect and form a correction

factor to compensate the tnappropriate settings. After learning many examples,

the ANN could compute the nonlinea¡ correction factor based on local measure-

ments on-llne, so that the performance of the distance relay was optimized.

Indian Institute of Technology, Indialal

The resea¡ch work at Indian Institute of Technology confirms the feasr-

bility of using ANNs as relays because the relay could be envisaged as a pattern

classiffing device. The neural network could perform the pattern classification in
excellent fashlon so that it could work as a relay. The feasibility of using an ANN

in protection of tra¡rsmission lines was found by keeping the microprocessor relay

framework intact. The training was performed in off-line mode and the converged

weight matrix was stored for on-line use, and so a neural relay could be realized

in its simplest form. The proposed scheme considered two inputs viz. voltage and

current values so that the decision space was v-I plane rather tha¡r the R-X plane.

The relay setting could be changed by changing link weights, and time delay
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settings could be achieved, too. But the implementation of the feature of ANN

parallel computation was not shown clearly in this paper.

Universlty of Bath, ttKlg,10]

A novel adaptive protection scheme for a series compensated transmis-

sion system was achieved at University of Bath by using a neural network ap-

proach. The application of serles compensation was widely applÍed to long dis-

tance transmission systems to improve power transfer. The Metal Oxide

Varistor(MOV) used as the overvoltage protection device for the series capacitor

had a non-linear reslstance characteristic and posed problems for conventiona,l

distance protectlon. The simulation by EMTP showed that the conduction of the

MOV was not s¡rmmetrical during the unbalanced fault and the effect of conduc-

tion through the MOV on the impedance of the transmlssion line was different at

different fault locations, so that the impedance relationship between the MOV

and transmisslon line was non-linear. A neural network was applied to solve this

problem, The proposed ANN for each phase was composed of 12 input nodes, 2O

hidden nodes and 2 output nodes. The voltage at the busbar a¡rd line current,

each with 6 samples at a sampling time of 1.4ms, were used as input feature

signals. One of the outputs indicated fault or no-fault, another one indicated tJ:le

fault location. Training and testing results showed that this adaptive protection

scheme was particularly suitable for a series compensated EHV transmission

system where traditiona-l distance protection scheme might have difficulties.

Another application of a neural network to a Controllable Serles Com-

pensated EHV Transmission System at University of Bath was considered with
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the effect of a CVT (Capacitor Voltage Transducer)[10]. The input vector was

composed of 25 nodes, The first 24 nodes represented the B sample values of

three phase instantaneous voltages respectively while the last node indicated the

firing angle of the controllable series compensation. In tlre two proposed ANNs,

one network had the ability to detect different faults at different locations, load

and incipience conditions, whereas another network had the ability to detect tlre

fault type.

1.2.3 Appllcation of an AIIIN to Busbar Protection

University of Stuttgart, F. R. of Germany[lU

The study at Universit5r of Stuttgart showed that the application of a

neural network to restore distorted current values was possible in prlnciple. The

saturation of the current transducers(CTs) is an important consideration in the

design of the numerical busbar protection algorithm. The possibility of using a

neural network for preprocessing the data and restoring the distorted signals

needed to be investigated. Best results suggested a medium sized three-layer-

network with lO / 3 / I neurons in the input/hidden/output layers. The proposed

neural network was trained by a set of typical distorted and undistorted current

waveshapes as input signais and minimizing the mean square error with the

undistorted values as target function. The training procedure showed that the

output waveshape ofANN roughly colncides with the desired current waveshape

for the high values but not yet for the small ones a_fter 200 training steps. After

600 iterations, this matched the deslred function quite well a¡rd almost restored

the desired signals after 7000 training steps. An implementation in hardwa¡e for
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this stratery may easily be programmed into existing NN hardware. However, it
is stl1l unclea¡ how the proposed ANN adapts to the magnitude of distorted input

current.

1.2.4 Application of .AIllN to .{utoreclosure

University of Bath, UK[12,13]

An adaptive circuit breaker control system using neura-l networks was

proposed at the University of Bath. It fs well known that the current practice of

auto reclosure with a fixed time delay could arise problems, During translent

faults, a restrike of a fault due to lnsuffictent time for the fault path to deionize

fully can compromise system stability and reliabÍlity and, in the case of a perma-

nent fault a second shock to the system can cause irreparable damage to expensive

equipment. Using the EMTP software simulation package, an extensive series of

voltage waveforms, eitfier permanent faults or transient faults, was created. The

frequency spectra analysis by Fast Fourier Transform(FFT) was applied to the

waveforms to extract five features for neural networks whlch are good at perform-

ing pattern recognition. The features used in thls application were found by com-

paring the spectra of the translent and permanent faults for distinguishing be-

tween permanent and transient faults, and by comparing the pre and post

secondary arc frequency spectra for estimating when the secondarJ¡ arc has ex-

tinguished in a transient fault.

The proposed three-layer neural network had five input neurons corre-

sponding to five features and two output neurons that represented the fault,

permanent or tra¡rsient, and when to close. Of the neurons in the hidden layer,
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some were fully linked to all of the inputs. The others was connected to only some

input neurons, and only a few of tfre hidden nodes was connected to output

neurons. A set of 104 training cases was utilized to train the network, and a set

of44 test cases was applied for testing of the trained network. The results from

the network were very accurate, a¡rd the network correctly classifled the wave-

forms irrespective of changes in the line length, system source a¡rd load capacity,

and the position of the fault on the transmisslon line. However, the network was

only trained to distinguish between two types of faults, and a,ll the faults were

single phase to ground faults.

1.2.6 Application of ANN to Fault ldentification ln An AC-DC System

Concordia Universlty[l4]

The research at Concordia University explored the possibtltty of using

neural networks to identitr faults that may have occurred in an AC-DC power

system. Because of the fast control response of FIVDC systems, the stability of

attached AC systems was greatly enhanced if proper control measures were taken

when a fault occurred anywhere on the AC-DC system. Foundation of such fast

reacting controls was the capability to distinguish what type of fault occurred,

its severity and its location, Time domain simulations performed with EMTDC

simulatlon package were used to provide tÌe training samples for the neural

networks. Three different neural network a¡chitectures were proposed to distin-

guish between diflerent types of faults on the AC-DC system. The first network

included 4 input nodes, 22 hidden nodes and 6 output nodes. The three phase

voltages (rms vaìues) were selected as the 4 inputs, and six output neurons
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showed the fault types. The second network was a multi-network: three phase

Detector networks and a Main network. Each phase detector network was three-

layer network. The input layer had three nodes for rms phase voltage and angles

between the phase and other two phases. The outputs ofphase detector networks

were then connected to the main network whose outputs tell the fault types.

similar to the second network, the third network is also a multi-network, but the

sampled insta¡rtaneous values of the phase voltages were used as inputs for each

phase detector network instead ofphase angles,

These three networks could distinguish the highest number of fault

types but some confusion stlll occurred in distinguishing a line to line fault from

a remote AC fault. Based on the abtlity of these networks to distinguish the rellably

between different types offaults, appropriate control measures could be taken to

improve t-I e dSmamic performance of the AC-DC power system.

1,2.6 Application of AIIIN to Alarm processing and Fault DlaÉinosls

Unlversity of Washtngton[l51

The control centers of a power system are continuously interpreüng a

large number of alarms signals to determine the status of the system components

and to evaluate the power system operation. This process is very complex for two

key reasons:

1. Alarm patterns are not unique to a given power system problem.

Same faults may manifest in different alarm patterns based on the

current topologi and operating status of the power system.
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2. Alarm patterns are likely to be contaminated with noise due to equip-

ment problems, incorrect relay settings, interference, or mlscalibrat-

ed meters.

Expert system techniques have been widely tested for analyzing a_larm

signa-ls. The formulation of rules, however, requires a precise definition of the

power system and its operational strategies which may widely vary depending on

the utility. Therefore, neural networks, with their abtlity to classt$i noisy patterns,

seemed a logical choice for a-larm processing.

The ANN developed at The Universtty ofVr'ashington was also capable of

associating different alarm patterns to tÏe same system fault by tratntng the ANN

with a set of inJormation nich data that represents different operating scenarios.

The training set was generated by first creating a credible set of contingencies

and then deriving tìe posslble alarm patterns under each fault. These patterns

were generated by relay protection schemes and power flow analyses. The concept

was tested on a I l SkV/ l2kV substation for 65 different fault conditions with 99

bit alarm patterns. It was also tested on the IEEE 3O bus system for 72 different

bus and ltne fault conditions wtth 112 bit alarm patterns. Results showed that

the trained ANN was able to correctly classi$r all noiseless input patterns and

some of the noisy patterns.

Indian Institute of Science, India[16]

Artificial neural networks were applied to real-time Fault Detection and

Diagnosis at Indian Institute of Science. Tradittonal systems performed diagnosis

by mapping fault s¡.rnptoms to generated hypothesis to reach at diagnostic con-
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clusions. The expert systems were also inadequate because knowledge acquisition

and search processes were time consuming. Artlficial neural networks had great

advantages over expert systems in terms of knowledge acquisition, addition of

new knowledge, performance and speed, and appeared to offer characters which

coincide well with the requiremenls of pattern-based díagnosis,

The proposed three-layer neural network was trained by using the back

propagation algorithm until the error in the weights between successive iterations

was less than a specified minimum value, The neural network was tralned off-

line for 53 different types of faults and used on-line. The neural network was

designed so that it captured the behavior ofthe power system represented in the

form of signals from relays and circuit breakers. This resulted in the neural

network consisting of35 input nodes and l0 output nodes correspondlng to the

various components of the power system. It was found that l8 nodes in the hidden

layer gave the optimum and satisfactory performance in terms of generalization

and recall performance of the neural network. The neural network diagnostic

system was found to be able to diagnose correctly even in the presence of faulty

operation ofthe relays of the power system and during disturbances. This system

trained for single faults was able to preclsely diagnose abnormal behavior result-

ing from simultaneous multiple faults.

Natlonal Cheng Kung Unlversity, Taiwan[l7]

A similar fault section estimation system based on the information of

relay operation and circuit breaker status was suggested at National Cheng Kung

UniversitSr, Taiwan. Actually, it was more like an expert system because tJle inputs
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of neural network came from a SCADA system. It was capable of locating the

sections of single or multiple faults even subject to failure operation of relay or

breaker, or edstence of error in the data tra¡tsmlssion of SCADA system. Because

it possessed a friendly User Interface, the proposed diagnostic system could

automatically learn new fault scena¡ios by adding sample data into its training

set, and could make reasonable generalization of learned scenarios.

Natlonal Sun Yat-Sen University, laiwanll8]

Artificia,l neural networks were employed ln trouble call analysls at Na-

tional Sun Yat-Sen Universit¡r. Customers often estimated the quality of their

power supplier by the seruice interruptlon they suffer. To mlnimize the duration

of servÍce interruption it was essential to locate the problem as soon as possible.

Expert system techniques had been applted for assisting the dispatchers in service

restoration but most of the expert systems were only suitable for assessing the

fault section on transmission lines or on the primary dlstribution system. This

suggested the use of anANN approach for trouble call analysis.

The ANN was used for fast pattern recognition and classiflcation oftrou-

ble calls so t]lat the time and effort needed for seryice restoration could be reduced.

To generate the trainlng patterns, a 1:600 paper map which covered a 400m x

250m area and geographic information of trouble calls a¡rd system facilities was

divided into 1000 squares and each square covered a 10m x lOm area. A square

in the map was described by two numbers, one cotresponds to the X-axis, and

the other one coffesponds to the Y-axis. A square with I's in both X a¡rd Y

coordinates indicated ttrat a trouble cali was made from that area. The output

I5
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node that had an output value close to I was the most likely outaged device.

Approximately 7000 service intemrption cases were used to train the network.

Experience had shown that the proposed system allowed the utility to restore

service quicldy, kept consumers informed regarding the status of the outages,

spotted recurrent system problems, and facilitated reporting requirements.

L.2.7 Application of AIllNs to Signal Processing

( I ) Harmonic Identffication and Evatuation[I9l

It was necessary lo anúyze and predlct the behavior of current and

voltage harmonlcs so that appropriate action could be taken to reduce their ad-

verse effects. Model based analysis had been inaccurate and time consumlng

because of the nonlinearit5r of the harmontc components, the random behavior

of ha¡monic signa,ls and the wide varteþ of harmonic profiles of all solid state

circuits.

A three-layer neural network was used to identi$r the type of ha¡monic

load from among a set of pre-specified selections. The training patterns for the

ANNs were generated by monitoring the current waveforms colresponding to each

specific t¡4pe of harmonic load. The Fast Fourier Transform (FFT) of the digitized

current waveform was used to produce the ha¡monlc frequency spectrum. Dif-

ferent combinaüons of harmonic magnltudes and phases were then fed to the

ANN as inputs with the corresponding load type as the output. The abillty to

correctly classiÛ/ the load based on the harmonic currents was investigated for
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the three cases, a¡rd several ANN architectures with different numbers of hidden

layers were used to find the optimal ANN design.

( 2 ) Real-time Estimation of Basic trIaveformsl2o]

For the control and protection of electrical power systems, it was nec-

essary to estimate in real-time the parameters of the basic waveforms of voltages

a¡rd currents. Different digitâI aJgorithms had been proposed based on the Fourier

technique or Kalman filtering but they were not parallel, therefore the speed of

processing was limited, New algorithms and new architectures for analogue neu-

ron-like adaptive processors for on-llne estimation of parameters (magpitudes

and frequency) of sinusoida,l signals, distorted by higher ha¡monics and corrupted

by noise, were proposed at Technical University of Warsaw, Poland.

The problem was expressed as an optimlzation problem and solved by

using the steepest descent continuous-time optimization algorithm. An a¡tificial

neuronlike network consisted of basic computing units: integrators, summers,

multipliers, signum activation functions, and trigonometric (sin,cos) function

generators. Extensive computer simulation experiments conflrmed that the neu-

ral networks represented a very reallstic and promising approach for high speed

estimation of parameters of signals.

L.2.4 Applicatlon of AMs to Transformer Protection[2U

A feed forward neural network was used as an alternative method to

discriminate between inrush magnetizing current and internal faults in power
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transformers at washington state university. The effect of magnetizing inrush

current was important to any power transformer protective scheme. The classic

methods delaying trip or blocking relay according to the ha¡monic content were

not desirable or sufficient because of the poten al danger of incorrect operation

of relays during internal faults.

The ANN strategr detected inrush current based on recognizing its wave

shape by differentiating its wave shape from the fault wave shapes. The feed

forward neural network consisted of 12 input neurons, because the wave shape

recognition was based on 12 data samples per 60Hz cycle, and one output neuron

showed the appearalce of inrush currents.

The inrush cases were measured in the laboratory by energizing, at

random, a small power transformer of 50 VA, I2O /24O V. The fault cases were

generated by the electromagnettc transients program EMTP. The trained neural

network responded well, performing the dÍscrimination function between inrush

and fault currents correctly for most cases. The percentage ofcorrect classification

was above 94o/o for t}:.e inrush examples and fault plus inrush a¡tÍflcial examples.

1.3 Summary of the Application of AI\lNs to power System protection

The application of artificial neural network to power system protection

could be cha¡acterized as follows:

. Suitability of ANNs to Power System protectlon

Artiñcial neural networks are particularly well suited for solving those

protection problems that are inherently non-linear and complex ln



Intro ihtction 19

nature, and are too difficult for conventional protection schemes.

Key functlon of AI\lNs

Excellent performance of artificial neural networks on pattern recogni-

tion or classification is the basis of all applications. The development

of adaptive protection can be treated as a problem of pattern recogrìi-

tion, like waveforms recognition.

Necessity of Featute Extraction

Feature extracüon is an important issue in neural networks. Different

features of a system can be used as input signals to a neural network,

as calculated by a pre-processor. Usually, tl:le selected features will

determine the number of neurons ln the input layer of the neural net-

work.

Source of Training and lesting Patterns for AItlNs

In most appllcations, the tralning and/ or testtng patterns for the pro-

posed neuraì network come from the computation of Ðlectromagnetic

Transients Programs such as EMTP or EMTDC. Some of the traintng

samples comes from laboratory experiments and some come from ûeld

measurements.

Role of AÌilNs in A Protection System

In most feasibility studies of neural network appltcation, the proposed

neural network plays a sole role in taking responsibility for tJle sug-

gested task. In rea-l-time or on-line applications, the proposed neural

network usua-lly plays an accessory role to assist the protective relay to
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adapt to complex system conditions.

Selectlon of The Neuron Number in Hidden Layer of Network

In general, the number of htdden layers in the neural network is deter-

mined dynamically, depending on the complexit¡r of tlle relationship

between the inputs and outputs, and the optimum and satisfactory

performance in terms of generalization a¡rd recall performance of the

neural network.

Selection of architecture of an AI\IN a¡d its learning algortthm

The most popular architecture of neural network ls the three-layer

feed forward network a¡rd tle most popular learning algorithm is the

error back-propagaüon rule, which is a steepest descent method for

finding tire minimum of error function. In some cases, multiple neural

networks are applied to a certain problem.

L.4 Research Objectives

This research had two major tasks. One was to use artificial neural

networks for special problems in distance protection. The second was to investi-

gate the feasibility of applying neural networks to the non-linea¡ nature of arcing

fault resistance.

The goal of the fì¡st task was to create more selective ground fault de-

tection in spite of pre-fault loading in either direction, variable source impedance,

and variable ground fault resistance. Although some aspects of these special

distance protection problems have been studied previously, the solutions are still
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not satisfactory. This research suggests a novel neural network solution to these

problems.

The goal of the second task was to create more selective arcing fault

detection, especially for radial distribution lines where arc resista¡rce could be a

signiffcant part of the zero sequence impedance and has non-linear characteris-

tics. ANNs were well suited to problems where there were neither well defined nor

obvious relationships existjng between inputs and outputs. The study involved:

. Investigation of the non-linea¡ nature of arcing fault resistance,

¡ Establlshment of a non-linear arcing fault resistance model, a¡rd

¡ Search for a neural network solution.

1.5 The Scope of Thls thesis

This thesis consists of fìve major parts with nine chapters. The fìrst part,

which includes Chapters 2 and 3, is the introduction of distatce protection and

its problems. The second part, Chapter 4, is the slmulation of a transmission line.

The third part, Chapter 5, is the introduction of artificial neural networks. The

fourth part, Chapter 6 to Chapter 7, is the application of artificial neural networks

to distance protection. Chapter 8 and Chapter g contain the fffth part outlining

the main achievements and conclusions of this research work, as well as some

su€€iested future resea¡ch. The contents of these chapters are briefly described

as follows:

l). Chapter I : Introduction. (This chapter)

Chapter 2 :'|he distance protection system is briefly introduced. The2).
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3).

operating principles, measuring equations and operating cha¡acter-

istics of conventional dista¡rce relays are presented first and then,

the fault resistance tolerance of distance relays is defined.

Chapter 3 : Some problems of distance protection are raised in this

chapter. Several topics are discussed here, including the problem of

inappropriate settings because of the variation of source impedances,

the load encroachment problem, the pre-faultload floweffectproblem

a¡rd nonlinearity of arcing fault resistance.

Chapter 4 : The simulation of transmission line faults is presented in

this chapter. An actual Manitoba Hydro transmission line, a 138kV

line from Kelsey to Thompson in northern Manitoba, ls modelled on

PSCAD/EMTDC.

Chapter 5 : Artiûcial neural networks a¡e briefly introduced in this

chapter. The arlificial model of a neuron is given first, a¡rd then mul-

tilayer feedforwa¡d networks are shown. Second, an emphasis is put

on the Back Propagation Learning Algorithm. Finally, the basic prin-

ciple of pattern classificatlon using artificial neural networks is pre-

sented.

Chapter 6 : An application of artificial neural networks to distance

protection is proposed in this chapter. The emphasis here is on cre-

ating more selective ground fault detection in spite of pre-fault load-

ing in either direction, variable source impedance, and variable

ground fault resistance. The performalce of a prospective ANN dis-

4).

5).

6).
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t ),

tance relay in detecting single line-to-ground faults is described at

the end of ttre chapter.

Chapter 7 : Another application ofartiflcial neural networks to dista¡rce

protection is proposed in tJris chapter. The research here was con-

centrated on creating more selective arcing fault detection, especially

for radial distribution lines where arc resistance can be a signifìcant

part of the zero sequence impedance, in splte of pre-fault loading in

either dlrection and variable source impedance. A new operating

characteristic is devised, and the performance of the proposed ANN

distance relay on detecting single line-to-ground faults with nonlln-

ear arcing resistance along the whole transmlssion line is shown at

the end of the chapter.

Chapter 8 : The achievements and conclusions of this ¡esearch work

are presented in this chapter.

Chapter 9 : Suggestions of future works on this project are given ln

this chapter.

8).

e).



Chapter lWo

Distance Protection Systems

2.1 fntroduction

"An electric power system is a network of interconnected components

designed to continuously convert non-electric energr into the electric form, trans-

port the electrical ener$/ over potentially great distances and transform the elec-

tric energy into a speciflc form subject to close tolerances."[23]

After the fìrst small power systems were built up, the requirement to

add automatic protection was realized soon. An electric power system should

ensure the reliability and availability of electric energ¡ witTrout intermption to

users. The normal path of the electric cur¡ent is from the power source through

conductors in the generators, tra¡rsformers and transmisslon lines to the load

and it is confined to this path by insulation. The insulation, however, may break

down, either by the effect of temperature and age or by a phystcal accident. When

this happens the current follows an abnormal path generally known as a short-

circuit or fault. Whenever this occurs the enormous energ¡ of the power system

may cause expenslve damage to equipment, severe drop in voltage and loss of

revenue because of interruption of service. Once a fault arises in a power system,

that fault must be isolated as qutckly as possible from all live supplies ln order

(a) to retain system stability arrd (b) to reduce the damage at the point of fault,
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because of fìre and explosion, and in the parts of the system carrying the fault

current, due to overheatingl24|.

Protection is the art or science of detecting the presence of a fault and

initiating the correct tripping of the circuit breakers so as to disconnect only the

faulty equipment from the system, thus minimizing the trouble and damage

caused by faults when they do occur. An ideal protection system would detect

and isolâte faults as quickly as possible at any polnt in tl:e system and accomplish

this while keeping as much of the system interconnected as possible. A basic

protection system comprises instrument transducers, protective relays with thelr

associated wÍring and circuit breakers.

A complete power system is dtvided into zones: an alternator, a trans-

former, a busba¡ sectlon, a feeder. Each zone has one or more co-ordinated

protective systems connected to it. Since the objective of thls thesis is mainly

concerned with the feeder protection, the distance protection will be described in

brief in the following sections.

2.2 Overview of Distance Protectionlzz, 24-2Al

Distance relays were invented in I923 in an effort to solve the application

problems associated wittr graded time overcurrent relaying. The operation of dis-

tance protection depends on the basic fact ttrat on the occurrence of a fault, the

distance between any point in the power system and the fault ls proportional to

the ratio of voltage to current at that point. The following benefits of distance

protection make it widely applicable to power system transmission line protec-

tions:
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It offers fast and dlscriminative protection for all faults occurring on

the feeder.

It offers some measure of back-up protection (zone 2 and zone 3) for
other feeders and plant at remote stations and, often, on reverse reach

of zone 3 at its own substatlon.

It does not need an input signal from a remote station in order to trip,
even though the lack of such input signal may delay tripping.

The principle of impedance measurement and the engineering of basic

impedance measurìng elements into schemes of distance protection has always

formed an important part of power system feeder protection. The importalce of

Its role is reflected in the fact that this form of protection more than any other

has long been the subject of rapid and continuous development necessar5r to meet

the ever increasing demands typical of modern power systems. Such development

has, for many years, seen little change in operating prlnciple (discounting com-

puter-based techniques) although the methods of implementation var5z consider-

ably largely because of t}le degrees of freedom allowed by modern developments

in technologies of all kinds. However, although implementatlon of the principle

is subject to continuous change through development, there are basic design

concepts which are almost universally established and are important in under-

standing the principles of application.

2.3 Operating Principles of Dlstance Protectionl2ó,26,271

The operating principle of distance protection is based on the knowledge

that, at any measuring point in a power system, the line impedance to a fault can

be decided by measuring the voltage and current at the measuring point. Actually,
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the measuring relay is organized to have balance point which is speciffed by the

relay impedance setting, Zp. Therefore, the relay either trlps or restrains, depend-

ing on if the fault impedance is less than or greater thart the relay setting. Those

relays can be applted to various points on the system and by arranging the relays

so that those closer to tlle fault operate faster than those more remote, discrim-

inative trlpping of the circuit breakers controlling the various feeders can be

accomplished. Such dÍscrimination needs, in addition to impedance measure-

ment, a directlonal character atd a time-dependent character. Fig. 2.1 shows a

combination of distance relays witì a stepped time-distance characteristic.

The relay at A has a zone I distance rarge which is set to operate

immediately and trip the related breaker when a fault happens within the flrst

800/o of feeder I and only when the fault current is in the direction shown. The

zone 2 settlng of the same relay is set to cover the whole of feeder I and usually

Dlscr¡ Inatlng_m_ar€lln

Fig. 2.1 1)rpical distance relay characteristic
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the first 20-30o/o of feeder 2 but trtpping is delayed for only a short tlme. The zone

3 setting Ís set to include faults in feeders I and 2 and possibly beyond with

tripping a-fter a further time delay. Combining these zones of measurement and

superimposing those of relays B, C and D relative to the two feeders and with

direction of measurement indicated by the arrows, results in the overall time-

distance cha¡acteristlc shown in Fig. 2. t.

It is necessar¡r for a distance protection to adapt to the variety of power

system faults (three-phase, phase-to-phase, phase-to-ground, two-phase-to-

ground and three-phase-to-ground) by arranging that the appropriate relays mea-

sure the same impedance for all fault t5pes. It can be implemented by selecting

the correct voltage and current qualtltles from the power system suitable to tlle

type of fault condition. Therefore, for faults lnvolving more than one phase the

appropriate phase-to-phase voltage is used for the relay with the difference of the

phase currents. In this way, the measured impedance for phase-to-phase and

three-phase faults is the positive sequence impedance aZ1 and also this imped-

ance is measured for a double-ground fault condition [24].

Measurement for a single phase-to-ground fault condition is a little more

complicated even for the simple system illustrated in Fig. 2.2. To utilize phase-

to-phase volþge and the difference of phase currents, like in tlre case of phase-

fault measurement, produces a complex impedance which is not only in excess

of the positive sequence impedance of the line but also varies with zero and posltive

sequence source impedance. In order to achieve correct measurement of positive

sequence impedance, phase-to-neutraì voltage with a combination of line and

28
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îig. 2.2 Fault measurements

neutral currents are applted to the relay. From ttre sequence network for a single

phase-to-ground fault the voltage at the relaying point is:

Vo : IoraZrr+ I AoaZLo+ I ¡züZtz (2.t )

where V¿ : the voltage ofphase A at relaying point.

Iat, Iez, I¿p : the positive, negative and zero sequence current of phase A.

It : I¡t + Ion+ Io, (2.21

Zu, Ztz, Zt o : t}le positive, negative and zero sequence impedance of line.

ü : the fractlonal fault distance, defined as fault dista¡rce x over

linelength f : a:1.,
Assuming Zu=Ztz,

(2.3)

v. VA

Thus

VA : Uil+ IAo+ IAz)o.ZLr+ I AoaZLo- I AoaZLl
(2.^ I: I As.z Lt * I *l^-2r- t 

)"2 ̂

'^.+(3,-')'^.'^(7,-')
ez u. = (2.4 )
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where Iw = Ieo + Isg + I¿6 is the neutra-l current. Since {y = Sleo ,

azu: vA

ro*\rr

where

(2.5 )

(2.6), Zto- Ztt
K:-

zu
(zero sequence compensation factor)

Note that different relaying qualtities are necessarJ¡ to distinguish

between phase and ground faults, common practice being to provide two sepa-

rate sets of (zone l) relays for these faults, one set for phase faults and the other

set for ground faults. Each set consists of three relays because multl-phase

faults may involve any pair of phases and similarly any single phase can be

faulted to ground. Zone 2 impedance measurement may use zone I relays, the

settings of which are increased after a zone 2 time-delay, or may use six sepa-

rate relays. 7-nne 3 measurement uses six separate relays.

2.4 Operating Characteristics of Distance Protectiona22,26]

The principles outlined above suggest tJ.at a distance relay can have a

bala¡rce point specified by impedance setting Z¡ so that operation occurs for llne

impedances less than the setting value of the relay, i.e,,

lzl <lz*l (2.7 )

The locus of {2,7) yields a circular characteristic on R-X plane, the centre at the

origin (relaying point) and radius the setting lZpl as shown in Fig, 2.3(a). This

plain impedance relay is non-directional and measures only tJle magnltude of
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the fault-loop impedalce (regardless of phase angle). Obviously, this plain

impedance relay has the disadvantage of allowing incorrect operation for reverse

faults within the relay setting Z¡. This problem ca¡ be overcome by a directínnal

relay.

Plaln lmpedance relay (b) Mho impedance relay (c) Off-set Mho impedance relay

Ftg. 2.3 Distance relay characteristics

The Mho distance relay is defined by l24l:

lz -zRl<lzRl (2.8)

A dlrectional relay and its characteristlc, shown in Fig. 2.3(b), is a circle passing

through the origin (relaying point). It can still operate with close-up fault by

introducing a voltage called the polarizing voltage which is obtained from a pair

of healthy phases.

The Off-set Mho distance relay is defined by:

lz - nz^l<lz^l (2.s)

It is also directional and the off-set is given by ( L-n)Zp, where the fraction n < l.
Its characteristic is shown in Fig. 2.3(c). The Off-set mho relay offers good oper-

atlon under close-up faults, even close-up three-phase faults. It will also oper-
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ate for faults a short dista¡rce behlnd ttseli i.e. it gives some back-up protection

(zone 3) for the busbars. A typical value of the off-set is f 0% (n=0.9) of the pro-

tected zone length.

The Mho family is most wldely applied because lt is inherently direc-

tional. It provides the best fault coverage and is relatÍvely immune to high load

conditions and power swings [261. In Fig. 2.3, ry is the line-impedance arrgle and

0 ls the characteristic angle of the dlstance relay.

Based on tJle principles of relay arrangement and distance relays out-

lined above, a distance protection system for the transmission system shown in

Fig. 2.1 has been established in Fig. 2.4. Zone I is a mho distance relay set to

about 80o/o of the length of the protected line lVM. It is converted, after about O.3

s, into the zone 2 relay when its settlng ts about I.3 zones ahead. The zone 3

relay, an entlrely separate relay, is an off-set mho relay, set to about 2.25 zones

ahead, which, for a fault within its reach, starts two timer-relays. The first

timer-relay converts zone I to zone 2 measurement about 0.3 s while the sec-

ond trips the circuit breaker at N about 0.6 s after fault initiation.

32
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2.5 Fault Resistance Tolerance of Distance Protectionl26,2Sl

Of fundamental importance in assessing the effectiveness of the avail-

able polar characteristics of impedance-measuring relay is the range of fault

resista¡rces. The fault reslstance has two components: arc resistance and

ground resistance. Those resistalces are non-linear a¡rd the arc fault resistalce

will be discussed in detail later.

In the mho operating characteristic shown in Fig. 2.3, the characteris-

tic angle of the relay, 0, is defined by the angle of impedance setting Z¡¡, between

R-axis and the dlameter of the characteristic circle which passes through the

relaying point, as shown in Ftg. 2.5. From Fig. 2.5, it is clear that tlle fault resis-

tance tolera¡rce of the distance relay can be adjusted by changing the phase

angle difference ( V - 0 ) at a sacrifice of less vulnerability to power swings.

However, as shown in Fig.2.5, the tolerance of a mho relay is still lim-

ited because its characteristic is restricted to a circula¡ shape. Reactance relays

were introduced to overcome the problem of arc resista¡rce at the point of fault.

(a) \¡-e=30o (b) v-0=5oo

Ftg. 2.5 Phase angle biassing of Mho relay (ry-0)

to increase tolerance of fault resistance
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The effect was particularly severe for short lines where the vector addition of arc

resistance and faulted line lmpedance could cause the resultant impedance to

fall outside the relay impedance reach. Its cha¡acteristic, being parallel to the

resistance axis and offsetting the reactance of the protected section from the

origin, is shorm in Fig. 2.6(a). The relay trips when the measured impedance

lies below the cha¡acteristic. It is evident from Fig. 2.6(a) that the reactance

relay is non-directional and susceptible to operation under load condittons and

power swlngs,

(a) Reactance relay (b) Ouadrllateral distance relay

Ftg. 2,6 Two dista¡rce relays with better fault resistance tolerance

The distance relay with a quadrilateral cha¡actertstlc, Fig. 2.6þ), has

been used widely in computer relaying because microprocessors can be used to

achieve independent control of resistance and reactance components of charac-

teristic impedance. This relay is directional and has significant extension of the

resistive reach under unbalanced fault conditions, It is a compromise between

maximum resistive coverage and the avoidance of load and power swing

encroachment.

In this thesis, the discussion is concentrated on the distance relay

wtth a quadrilateral characteristic.

llne



Chapter Three

Some Problems Of Distance Protection

3. I Introduction

The increase in line lengths and power transmitted has introduced a

number of new problems in relation to protection. New techniques have become

necessaÐ/ to tackle these problems and the stringent requirements associated

with them. Firstly it has become necessar5r to see that lines are not unnecessarily

disconnected (which leads to the loss of a portion of the power transmitted), but

at the same time shorter operating times from protective relays are dema¡rded on

faulted sections to preserve the system stability. Moreover, extreme variations of

fault current are often encountered with long lines necessitating that protective

relays take tfiis into account.

The establishment of electronlc and computerizing methods has provid-

ed a much greater design flexibility. This is reflected mainly in the development

of new t5pes of techniques having more complex characteristics.

However, the suitability of distance relays to adapt to variation of source

impedance, pre-fault loading in either direction, and variable ground fault resis-

tance, especially for non-linea¡ arc resistance, is still unsatisfìed. In this chapter,

some problems considered in this thesis are presented and some corresponding

solutions are introduced. Even though some so-called adaptive relays appearing
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in recent years a¡e well suited to some of the existing problems, they are still qutte

complex procedures.

3.2 InappropriateSettings

Serious power system disturbances are often caused by faults in a weak

power system. In these cases, mis-operation easily happens because of inappro-

priate settings. A system ava,lanche of outages can be caused by relays which

have inappropriate settings for the prevailing system conditions. Such a situation

is worsened because transmission system margins for contingencies a-re lessen-

ing, resulüng from several factors such as difficulties with obtaining rtght of way,

generation deferrals a¡rd uneven load growth. With this situation transmission

protection reliability becomes increasingly important. Since they remove addi-

tional circuits along with the loss of the faulted system component, the mis-

operation of relays represents a major source of concern to the planner and

operator [301.

Neglecttng measuring inaccuracles, tìre computation of the fault dis-

tance by a distance relay is a-ffected by inappropriate settings because of the

dynamic character of the power system. These would include changes in load and

generation, and changes in the topology of the power system. These factors are

usua-lly dealt with by determintng the relay settings according to off-line worst

case studies. This results tn fixed setttngs with great safety margins, depending

on the compromise between security and dependability. Thus, distance relay

settings seem to almost never be appropriate, as worst case scenarios are not

Iikely to occur frequently [7].
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Fault arc resistance is nonlinear (discussed in detail later) because it is

essentially a constant uoltage element rather t}:ratt a consktnt resistance element.

This means that lf a distance relay is set to measure it correctly at a fault current

calculated for a given source impedance, the fault arc resistance will appear high

if the source impedance increases fbecause the fault current will decrease and

resistance = voltage/ current). Conversely, tf the source impedance decreases (at

high generation day time conditions, for example), the fault arc resistance wlll

appear low. Thus an impedance relay might underreach in the former case, and

overreach Ín the latter case. For example, under low system impedance which the

relay's settings are based on, if there is an arc resistance located inside the relay

tripping zone, Fig, 3.I (a), the same fault will cause relay mis-operatlon when the

system impedalce goes hlgher, as shown in Fig. 3.I þ). Note that simply increas-

ing the resistance reach ofthe relay might encroach on the load region.

Relays based on microprocessors are often used for protection purposes.

They provide remarkable benefits such as flexibility, reliability and communica-

tion ability. Adaptive conceptual solutions have been introduced to improve tJre

performance of power system transmission line protective relaying and, hence,

the reliability of power system operation has been enhanced [30]. Information

about the actual state of the power system is collected from substations equip-

ment, and then forwarded to the control center.

Source equivalent impedance could be developed at the substation using

a loca-lly available system impedance data base and circuit-out information from

local event and from remote computers[30].
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LOAD
REGION

( a ) Low source impedance ( b ) High source impedance

FE. 3. f Effect of source impedance on distance relay

An approximate Ímpedance model cal be updated based on conditions

within the substation. Open circuit breakers or undercurrent conditions can

recognize t]le opening of lines connected to tl:le statlon. Distinctive load flow

manners may claim an outage of a nearby generator. Upon detection of a conffg-

uration change, the substation host computer provides an update of the imped-

ance model, using pre-loaded system equivalents and local circuit impedances.

The accuracy of the impedance model improves with better knowledge of the

status ofthe system beyond the substation.

Therefore, inappropriate settings can be avoided by adj usting the set-

tings of the relay according to changes in the power system state because the

status of the complete system is available. Such an adapüve relay can be thought

of as a protection device whose characteristics or functions are altered on the

basis of external information [31]. The local available information is used to adapt
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the relays to the actual power system state and maintain appropriate settings.

Relays that can change settings adaptively reduce the necessarlr safety margins,

and a¡e therefore more selective because they keep track of the power system

state. Relays are adapted to the prevailing power system state, and their mis-

operations are reduced.

However, adaptive processing is a complex procedure for microcomputer

based relays.

3.3 Load Encroachment

Application of impedance-measuring relays requlres adequate discrlm-

ination against maximum circuit load conditions. The protection impedance cha¡-

acterlstic must avoid load impedance encroachment, Fig. 3.1(b). This is not a

problem by applying zone- 1 a¡d zone-2 relays but ca¡r be a significant practical

problem in setting the zone-S reach for circuits comprising very long bundle-

conductor lines.

In practice, considerations of circuit loading must take account of max-

imum circuit rating as dictated by the sending-end to receiving-end busbar-

voltage ratio and the corresponding angular displacement. These factors affect

the boundary of load conditions in the way shown in Fig. 3.2. The change of

angular displacement between busbar voltages for unit5z voltage ratio between

ends generates tfie load varying trace ABC. The effect of variation in the ratio of

busbar voltages is seen to produce the curvilinears A'B'C' and A"B"C", a¡rd the

two sets P1 and P2 being for receiving and sending conditions, respectively. It is

clear that maximum circuit loading can present an impedance to the distance
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"4',"

"4-'"

Fig. 3.2 l¡ad conditions superimposed on impedance polar dlagram

relay which encroaches on its boundary and this may lead to a limitation on relay

settÌngs.

In a transmission system, the fault resistance of a line-to-ground fault

is dominated by ground resistance which could be much bigger than arcing fault

resistance. However, in a distribution system, the arclng fault reslstance will be

tl:le main part of the fault resistance and could be bigger than the load resistance,

as shown in Ftg. 3.1 þ).

3.4 Effect of Pre-fault Load Flow[26,321
Fig. 3.3 shows a typical single-line diagram of a power system wiilr

ground fault. The system has a source at each end of the ltne and some details
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Fig. 3.3 A power system with a slngle line-to-ground fault

on the transmission line are shown in the figure, A single line-to-ground fault

occurs between phase and ground at .8, a fraction cr of the total distance L from

bus S to bus R. A distance relay located at bus S monitors the voltage phasor and

current phasor to determine the value of the fault impedance. The measured

impedance is given in the form of equation (2.5). For the ground fault distance

relay, there is a basic problem of accommodating fault reslstance, the value of

which as seen by the relay may differ from the real value as a result of remote

infeeds. The problem is illustrated by Fig. 3.4. It is simplified by assuming that

source impedances at S and R are signiñcantly larger than aZ¡, (l-a)Z¡- and R¡.

For a fault fed only from S, tJle relay at end S, supplied with Vs and Is, would see

the true resistarìce with the drop across RF being in-phase with rs (Fig. g.a(a)).

For a fault fed from S a¡rd R, fault currents Is and I¡ will have a phase shift

determined by the prefault load transfer conditions (Fig. 8.4(b)). In thls case, the

remote source infeed to the fault branch may significantly modiff tÏre apparent

impedance presented to the relay at the local end, The fault current from both

local and remote terminals causes a voltage drop in the fault branch if it is not

in phase wlth the local fault current, It gives a reactance effect and shifts the fault

4t
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locus up or down in the impedance plane. The shift direction and magnitude for

I sUZ¡

(a) Phasor diag¡am for single-end feed [b) Phasor diagram for double-end feed

f'¡E. 3.4 Effect of remote fault infeed on meâsuring accuracy

the fault locus is dependent upon the system power flow at pre-fault.

Consider a distance relay with a quadrilateral cha¡acteristic, as shown

in FÍg. 3.5. In the case if there is no power flow through the transmission line,

FiE. 3.5 Effect of fault resista¡rce on measured impedance

(no real power flow )

42
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the fault voltage and the relay current will be in phase and provide a pure resis-

tance effect as shown in Flg. 3.5.

In the case if there is a power flow from bus S to bus R (F'ig 3.3), the

fault voltage will lag the relay current and shift the fault Ímpedance locus down-

ward on the lmpedance plane, as shown in Fig. 3.6, which causes a possible

overreach error.

jx azn

F.¡8. 3.6 Effect of ground fault resistance on measured lmpedance

(power flow from S to R )

In the case if there is a power flow from bus R to bus S (Fig 8.3), the

fault voltage will lead the relay current and shift the fault Ímpedance locus upward

on the impedance plane, as shown in Fig. 3.7, which causes a possible underreach

error.
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ZM

f iE. 3.7 Effect of ground fault resistance on measured impedance

( power flow from R to S )

In order to compensate the errors caused by ground fault resistance and

remote infeed, an adaptive scheme for single line-to-ground fault protection is

sug€iested in [33]. It is believed that this adaptive scheme can provide the digital

impedance relay the ability to automatically adjust its operatlng cha¡acteristic so

that the relay can more closely follow the locus of the measured impedance as-

sociated with variable pre-fault load flow conditions.

Taking account of Fig.3.6 and Fig 3.7, if the boundaryAlì of the distance

relay operatlng characteristic ca¡r be rotated through the angle y around the

reference pointA as center, then the operating boundary ABCO will be rearranged

as a new quadrilateral AB'CO, as shown in Fig, 3.8. By this means, the mis-

operation of the distance relay can be avoided and the elimination of the negaüve

influence of the fault resistance is feasible.

__L
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cR

(a) Adaptive operating characteristic ( power flow from S to R )

. .¡ B'

.¿' ¿¿F

Adaptive operating characteristic ( power flow from R to

Ftg. 3.8 Characteristics of adaptive distarce relay
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Although the above method is a great idea, its implementation is still a

complex procedure because the remote source impedance is not known.

3.5 Nonlinearity of Arcing Fault Resistance

For faults involving ground, fault impedalce is generally understood to

include the impedance in the path of the fault current between a phase conductor

at the fault point and ground, including local ground resistance. Only the non-

linearity of arcing fault resistance is covered in this thesis but not the ground

resistance because ofthe complex inherently nonlinear characteristics ofsoil [34J.

Short clrcuits on transmission lines and at termina_ls of high voltage

power equlpment usua-lly take place through long arcs in alr between conductor

and ground (in the case of wires falling on the earth), in tower footings, in a foretgn

object between conductor and tower (or ground) or in some combinatlon of these

factors. Fault impedance, in general, appears to be predominantly resistive. It
may be constant throughout the duration of a fault or it may vary continuously,

as in the case of an arc which is blown out to gradual extinction by the wind.

The drop across the arc will affect the phase angle between voltage and

current in directional types of relays. Of fundamental importance in estimaüng

the effectiveness of the available polar characteristics of impedance-measuring

circuits is the range of fault resistances likely to occur in practice, Most of primary

system faults are accompanied by a fault arc when phase conductors clash or

co-ordinating gaps flash-over. The resistance of the arc is nonlinea¡with the most

generally accepted expression for lts value due to Van Wa¡rington [24]:
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(3.1)

where Lis the length of arc in still air in meters and lis the fault current in amps.

L will be initialized with the conductor spacing but it increases with the presence

of a cross wind because the a¡c has no i¡rertia.

Obviously, consldering a given lengþ of arc (due, for example, to a

specific co-ordinating gap length) the fault a¡c resista¡ce increases nonlinearly

as the fault MVA reduces, l.e. as the source impedance ratio increases. Usually,

the fault a¡c resista¡rce in an ea¡thed construction line will be unlikely to exceed

about 0.5 O which could be significant for distrtbution lines for which fault a¡c

resistance imposes an applicâtion limit.

The investigation of the nature of arcing fault resistance is arr old topic

and was studied by a few early researchers about a half century ago. The char-

acteristics of fault reslstance are descritred and the neutral-current wave traces

are presented in [36]. Based largely on statistical and oscillographic study ofpower

system fault currents for fìve power systems, the reasonable values of fault resis-

tance for a line-to-ground fault âre given by t371. The most frequently occurring

values of "apparent fault resista¡lce" (which includes the arc resistance) for the

systems studied ranged from 5 to 25 O. Those determined for faults at substations

were generaJly less than for faults on lines. The data indfcate that, where fault

resistance is to be allowed for in fault current computations, 20 O for ìine and 5

CJ for substation ground-faults are reasonable values to use.

^ 2613L
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Chapter Four

Simulation of Transmission Line Faults

4.1 fntroduction

As stated in the prevlous chapter, the distance relay is one of the most

important relays for transmlssion or distributlon lines. To demonstrate tÌre per-

formance of a distance relay with new concepts, strategies or algorithms, the most

important step is to put it in a field test. However, it is hard to develop a distance

relay, especially one using artifìcial neural networks for which few effìcient hard-

ware or computing frames are available. Because of the availability of the artiffcial

neural network simulator, Xerion, in the department of Electrical and Computer

Englneering at the University of Manitoba, the digitâl simulation of power system

transmission line faults is favored in this research.

A power system simulator, PSCAD/EMTDC* (Electromagnetic Tran-

sients Simulation Program) has been developed by The Manitoba HVDC Research

Centre. It is a powerful tool for solving large systems and analyzing specifìc prob-

lems in power systems. It can model AC machines, transformers, distributed

transmission lines/cabies, DC inversion/conversion, and many other elements

in actual power systems. It has a user-friendly graphical user interface so that

the systems studied can be built quickly and the simulation can be handled easily.

*. PSCAD: Graphic User Interfaces for EMTDC
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Users can create their own models, functions or algorithms of d¡mamic systems

through the construction and use of subroutines[45|.

An actua-l Manitoba Hydro transmission line, a l38kV Iine from Kelsey

to Thompson in nortÌrern Manitoba, is here modelled on PSCAD/EMTDC.

In this chapter, details about the Kelsey-Thompson line are described.

A traditional dista¡ce relay defined by Eq. (2.5) and (2.6) was also built up and

simulated with this line model to create training, testing and running pattems

for arttflcial neural networks.

4.2 Simulating The Kelsey-Thompson Line

The Kelsey-Thompson line, designated I\24W, is a transmission line

designed for 230kV but actually operates at a l3BkV voltage level. lt is 97.77knt

long and located in northern Manitoba. Its length was extended to l00km for

convenience.

Most faults in power system transmission lines are single line-to-ground

faults. This work, therefore, focuses on such cases. More complex fault conditions

will be considered in future work.

4.2.1 Simulating System Structure

The system modelled is shown in Flg. 4. I . It consists of equivalent sourc-

es at each end, two sets of circult breakers as well as thelr control logic, three

tra¡smission line sections, a¡rd a fault bra¡rch with its control logic,
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Es 4r

F

Ftg. 4.1 System model on PSCAD/EMTDC

In the system shown, a slngle line-to-ground fault (phase A to ground)

is located at F through a fault resistance Rp and controlled by ttmed fault logtc

which specifies the time to apply the fault and the duration of the fault. The circuit

breaker sets keep on conducting even during the single line-to-ground faults in

order to sample the fault signals. The simulated line has been divided lnto three

distinct sections: I<24WE, 10kM long, is for the simulation of reverse faults;

l<24w I ls for the line section between the relay location and fault location: and

I<24W2 is for the rest of the transmission line. The length of K24Wl plus K24W2

ts l00kM. Note that each of the three transmission line sections is lmplied between

the identically labeled tower s¡rmbols.
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, 4.2.2 Equivalent Source Impedances

As shown in Fig. 4.1, the systems at both ends are condensed into two
:

, equivalent sources. Each source has equivalent source impedances including

positive, negative and zero sequence impedances. Table 4.1 and Table 4.2 list the

: equivalent source impedances provided by Manitoba Hydro. There are two types

Table 4.1 Subtrar¿síent source tmpefu e X
Minimum generation

Kelsey Thomnson

Positive Sequence t.zg + j lg.ll = t9.t5z.86.10 3.OB + j 27.03 = 2:7.20 Zæ.so

Negative Sequence 1.57 + j 21.70 = 21.75 z8s90 3.13 + j 28.23 = 28.40 z$.70

Zero Sequence 0.52 + j I 1.93 = | 1.94287.s0 0.30+j 4.69 = 4.70286.40

Maximum generation

Kelsey Thompson

Positive Sequence t.06 + j 16.26 = 16.30 28630 2.82 + j 24.49 = 24.65 283.40

Negative Sequence t.tz + j 16.90 = 1694286.20 2.82 + j 24.72 = 24.88.283.s0

Zero Sequence 0.52 + j ll.g3= t1.94287.50 0.30+j 4.69= 4.70286.40

Tøble 4.2 Trønsient sottrce impedance X d( Q )
Minimum generation
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Kelsey Thompson

Positive Sequence t.68 + j 26.t0 = 26.16 z,86 30 3.18 + j 31.03 = 3Lt9284.10

Negative Sequence I.5l + j 23.24 = 23.28/.8630 3.07 + j28.97 =2g.l3z84.Oo

Zero Sequence 0.52 + j 11.93 = rt.94287.so O.3O+ j 4.69 = 4.70286.40

Madmum Eeneration

Kelsey Thompson

Positive Sequence t.l9 +j 18.41 = 18.45186.30 2.86 + j 25.7 5 = 2s.90 283.70

Negative Sequence 1.12+ j l6.gt = 16.95286,20 7.81 + j 24.75 = 24.gl^$.50

ZeLo Seouence 0.52 + j 11.93= 11.94287.50 0.30+ j 4.69 = 4.70286.40
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of fault source impedance: sub-transient and transient, which occur under min-

lmum and maximum generaüon conditlons. To demonstrate a relay's perfor-

mance, the sub-transient source impedances should be used for tra¡rsmission

Iine fault simulatlons. At the current period of resea¡ch, however, only steady

state components of fault quantitles are used, implying transient source imped-

arrces. Table 4,2 also shows t-Ilat tJle positlve and negaüve source impedances are

quite close so that it is reasonable to set 22 = Zt as is a common assumptlon, The

zero sequence source impedances are independent of generatfon modes because

the grounding points of the system are fìxed no matter how many generators are

operating.

Note that the source .Ðs tn Fig. 4.1 ls selected as zero phase reference.

Zg1 and Z¡11 are positlve sequence source impedances alrd Zso arrd ZRy aÍe zero

sequence source impedances,

4.2.3 Modelling of The Transmission Line

Generally, in electromagnetic transients slmulations, a distributed

transmission line is most suited for tra¡lsient line response modelling using a

digital computer. A distributed model operates on the principle of travelling waves.

A voltage disturbance will travel along a conductor at its propagaüon velocit¡r

(near the speed of light), until it is reflected at the llne's end. A transmission line

is a delay function. Whatever is fed into one end will appear at tfre other end,

perhaps slightly distorted, aÍter some delay. However, there are some other con-

siderations which must be dealt with which include mutual coupling with other

conductors, and wave-shape attenuation as it travels along the line.
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In EMTDC, the Frequency-Dependent Line Model is applied as the trans-

mission line modelling technique. It is basically a dist¡ibuted R-L-C travelling

wave model which incorporates the frequency dependence of all parameters, and

is necessary for studies requiring a very detailed representation ofthe line over

a wide frequency range [461.

The PSCAD T-LINE program is used to generate the data required by the

EMTDC line models. Only the conductor propertles (resistance, radius ...) and

geometry (horizontal and vertical tower dimensions) are requlred to model the

llne. The T-LrNÐ program then stores the solved line constants data in named

batch fìles. The Dnam program copies the appropriate data from tlle batch fìles

into the EMTDC data flle.

The conductor properlies and geometry of Kelsey-Thompson line are

llsted on Table 4.3.

4.2.4 Data-acquisition Subsystem for Pattern Generation

In Fig. 4.1, a distance relay E is located at bus S (Kelsey). The mea-

sured impedance Z^from El to the fault is of the form of Eq. (2,5), copied as

follows:

53

where

V.
t,t b

I A+;I N

, zto- Zt,
2..LI

(4.r)

(4.2)

(zero sequence compensation factor)
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faUte ¿.S Kelsey-Thomp

PS-CAD - Transmission Line Analysis Program

5;

8ð

Vcrsion 1.0
Thu Aug 3l 12!35!19 1995

Summary of Main Data
LiÍc Nanrei K24W
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4. Simuløtion of Trønsmission Line Faults

Ztt I positive sequence impedalce of the line.

- o i zero sequence impedance of the line.

V A : tlre faulted phase voltage at relây locatlon.

IA : tJre faulted phase current at relay location.

I N : the neutral current at relay location.

The voltages and currents in (4.1) are the stable state fundamental components

a-fter faults and they need to be extracted from the voltages a¡rd currents at the

relay location. FFT and sequence quantity extraction are applied as shown ln Fig.

4.2.

(d) (e)

Fig. 4.2 Pattern generation subsystem

tc)

,i---Ð
*i---Ð
,F-+lE

(f )

Fig. 4.2(a) presents a fundamental component extractor whose inputs

are faulted phase voltage Vr4 and current I"a while its outputs are the fundamental

components of input voltage and current represented by their magnitudes arrd

phase angles, F.rg. 4.2 [b) and (c) show the sequence component extractor whose

(a)

'3L-r^1-liù,-.-_o,
veg!-reÀJ 2= u þø--------5I r,r¡¡o I topr,(')

"él--4 r,p",E*B l-L--o,
'{#t_"Ðl " 

*,*. Llr__.-

(b)

*--Ð
*î--Ð
o_ltr]
,î---Ð



Simuløtion of Tlønsmìssion Line Føults

inputs are voltages and currents at the relay location while the outputs are tlÌe

magnitudes and phase angles of zero sequence voltage and current.

îig. 4.2 (d) forms a distance relay function of (4. l) and the FORIRAN

subroutlne is referred in APPENDX C. This block produces measured impedance

Zm= Rt + j Xi, which is the fault impedance of the transmission line from relay

location to fault location at the fault period while it should be the load impedance

during pre-fault. îig. 4.2 (e) gives a impedance relay function which provides tlle

zero sequence lmpedance Zp = RO +jxo at relay location. Its FORTRAN subroutine

is referred in APPENDIX C. Fig. 4.2 (fl will illustrate the current waveforms and

impedance outputs.

The pattern generation procedure is implemented by a set of slgnal

processing units as shown in Fi$,4,2. The reasons for selecting Rl, Xr, Ro, Xo as

input patterns will be discussed for details ln Chapter 6.

4.2.5 Sample Outputs

Let us consider a case when the source at each end of the line is at

mafmumgeneration, i.e. Zs1 = I.19 +j 18.4f O, Zso=O.52 +j 11.93O arld Zp1

= 2.86 + j25.75Q ZRo:O.3O + j 4.69 OAssuming that the load angle ô = -S00

and the phase A to ground fault happens at 5Oo/o of the line with a fault resistance

R¡.= 15 C2. The outputs for a single line-to-ground fault are shown in Fig. 4.S,
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Simulatìon of Trønsmission Lìne Fmúts

In F.ig.4.3, t}le single line-to-ground fault happens at 0.2 seconds at

which time, the Vg¿ decreases and IsA increases. Note ttrat the lmpedance

outputs are unstable during the fault transients and thus, they can not be used

for the fault distance measurement. The reason for this is that the time-decaying

transient DC component significantly affects the FFT accuracy, As a result, the

impedance outputs two cycles after the fault will be used here for tJ:te fault location

computation.
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Chapter FÍve

Artificial Neural Netwslftstse-asl

5. I Introduction

The recent re-emergence of network-based approaches to artificial in-

telllgence ("artiflcial neural networks") has been accomplished by a virtual explo-

sion of resea¡ch, spanning a range of disciplines perhaps wider tllan any otJrer

contemporar5r intellectual endeavor. Researchers from such diverse fields as cog-

nitive science, physics, neuro-science, computer science, economics, medicine,

engineering, statistics, phtlosophy and mathematics are making substantial con-

tributions daily to the understanding, development and application of artificial

systems that mimlc certaln aspects of the formulation and functionaltty of animal

and human intelligence.

The resurgence of interest in arlificial neural networks has its own roots

in the recognition that the huma¡r braln performs computations in a different

manner than do conventional digital computers. Computers are very fast and

precise at executing sequences of instmctions that have been formulated for them.

A human information processing system is composed of neurons switching at

speeds about a million times slower than computer gates. Yet humans are more

effìcient than computers at computationally complex tasks such as speech un-

derstanding and visual information recognition,
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Programmed computation has its base on decision rules and algorithms

transformed to the form of computer programs. The aìgorithms and program-

controlled computation which the conventional computers require have their

counterparts in the leaming rules and information recall procedures of an artifi-

cial neural network. However, these are not precise counterparts because a¡tifìcial

neural networks go above digita-l computers since they can progresslvely change

their processing construction coffesponding to the information received.

"Artíficíal neurøl netuorks (AiViVs) a¡e physícal cetlular systems tuhich

can acquire, store, and utílÌze experientialknou;ledge,The knowledge is in the form

of stable states or mapplngs embedded in networks that ca¡r be recalled in re-

sponse to the presentation of cues."[41]

An a¡tificial neural network as a computing system is made up of a

number of simple ald highly interconnected processing units which ha¡rdle tn-

formation by its dynamic state response to input from the external world. The

study of the ANN models is gaining rapid and increasing importance because of

their potential to offer solutions to some of tJ:re problems which have been intrac-

table so far by standard serial computers in the areas of computer science and

artificial intelligence. The fundamentals of arüficial neural network ttreory and

algorithms for information acquisition and retrieval will be introduced in this

chapter.

5.2 General Description of A Neural Network

An artiffcial neural network's capability to perform computations is

based on the hope that we can duplicate some of the flextbility and power of the

human braln by artifìclaì measure. Network computation is performed by a dense
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mesh of calculating nodes and links. They work collectively and simultaneously

on most or all data and inputs. The basic processing components of neural net-

works a¡e ca)led neurons, or nodes. Neurons work as summing and nonlinear

mappingJunctions. They can be considered as threshold nodes that fìre after their

total input exceeds certain bias levels. Neurons usually operate in parallel and

are configured in regular a¡chitectures. They are often constructed in layers, and

feedback link strength is expressed by a numerical value called a u,seíght, whidn

can be changed.

Artificial neural networks function as parallel distributed computing

systems. Their most fundamental feature is their architecture. A few of tl:re net-

works provides instântaneous responses. Other networks require time to respond

and are featured by their time-domain behavior, which is referred to as dgnamics.

Neural networks also differ from one another in their learning methods. There

are many learning rules that establish when and how the link weights change.

Finally, networks show a variety of speeds and efûciency of learning. Therefore,

they also differ in their capability to precisely respond to the cues presented as

the input.

Unlike conventional computers, programmed to implement speclfic

tasks, neural networks must be taught, or trained. They learn new patterns, and

new functional relationshíps. Leamíng conesponds to parameter alteratíons.

læarning rules and algorithms applied to experiential training of networks replace

the programming needed for conventionaì computation. Application engineer do

not speciff an algorithm to be executed by each computing node as would pro-

grammers of a more traditional machlne. Instead, tJley choose what in their opin-
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ion is the best architecture, define the features of the neurons and initial weights,

and select the training algorithm for the network. Proper inputs are then used

for the network so that it can acquire knowledge from the environment. As a result

of such procedure, the network digests the information that can later be repro-

duced by the user.

5.3 Artificial Model of The Neurons

The elementary nerue ceII (newon) is the fundamental building block of

the btological neural network. A typical cell has three m4ior regions: the cetl body,

the axon, and the dendrífes, Dendrltes form a dendritic tree and receive informa-

tion from neurons through axons. An axon is a long, cylindrical connection that

carries impulses from the neuron. The axon-dendrite contact organ is ca,lled a

sgnøpse. The s)mapse is where the neuron introduces lts signal to the neighboring

neuron. The receiving neuron either generates an impulse to its axon, or produces

no response, depending on the condltlons necessary for firing to be fulfìlled.

Incoming impulses can be excifatory if llrey cause the ffring, or inhibítory

if they hinder the ffring of the response. A more precise condition for fìring is that

the excitation should exceed the inhibition by the amount called the fhreshold of

the neuron. Since a slmaptic connection causes the excitatory or inhibitory reac-

tions of the receiving neuron, it is practical to assign positive ald negative unity

weight values respectively, to such connections. The neuron fires when the tota-l

of the weights to receive impulses exceeds the threshold value.

A general neuron model is represented in Fig. 5. I . This a¡tifìcial neuron

consists of inputs, summation, actlvation function and a single output. The signal

flow of neuron lnputs, x¿, is considered to be unidirecüonal as indicated by arrows.
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Each neuron can have multiple inputs, while there can be only one output. Inputs
inputs sùnìmation activation function output

FiE. 5.1 Model of-.¡'th neuron

to a neuron could be from external stimuli or from the output of other neurons.

Each of tJle inputs to the neuron is multiplied by an associated weight, and these

weighted lnputs are summed with a bias, which can be also seen as an extra

input to the neuron. This summation is presented to the activatlon function which

determines the output value of the neuron, i.e.

(5.1 )

where u,r is weight vector, x¿ is input vector a¡d b.; is the bias. The function g(.r) is

referred to as an activation function. Typical activation functions used are non-

linea¡ functions:

o,: s@et¡): ,[,år, , *r,)

p (net.\ =r. I + exp (_net ,)
(5.2 1

( 0< netJ <l )

s(net¡) : ranh(net,) : i?\,"':), .?-p1-net¡) t,' J' exp (netr) + exp <-,eb ( .t< net <i ) ( 5'3 )

( 5.2 ) is the sigmoid function with its unipolar feature and ( 5.3 ) is the hyperbolic

tangent function with bipolar feature.
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5.4 MultilayerFeedforward Networks

Biologically, the huma¡r brain ls made up of billions of neurons. Ðach

neuron performs like a computer witl very limited capabilities. They communicate

wlth each otfier by means of electrical impulses through a connecting network of

axons and slmapses. The vast neural network has an elaborate structure with

very complex interconnections. The input to the network is provided by sensory

receptors. Receptors deliver stimuli botTr from within the body, as well as from

sense organs when the stimuli origlnate in the external world. The stimuli are in

the form of electrical impulses that convey ttre information into the network of

neurons. As a result of information processing in the central nervous systems,

the effectors are controlled and give huma¡r responses in the form of diverse

actions.

Similarly, an artificial neural network represents a new class of com-

puting systems formed by simulated neurons connected to each other in much

the same way as the brain neurons and working as a parallel distributed process-

ing system. Fig. 5.2 shows the structure of a generic feedforward network which

is the most commoniy used ANN model.

An ANN consists basically of several layers: input layer, output layer

and one or more hidden layers. The neurons tn the input layer have a linear

activation function, not a nonlinear one. Theoretically, a network can have any

specifically chosen connection structure depending on the actual problem being

addressed, where each neuron in any given lâyer may be connected to any neuron

in any layer, includingbeing connected to itself. If there are no connections leading

from a neuron to neurons in previous layers, nor to other neurons in the same
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layer, nor to neurons more tha¡r one layer ahead, and every neuron feeds only

outputs

output
layer

hidden
layer

input
layer

FtE. 5.2 Topologr of a three layer feedforwa¡d network

the neurons in the next layer, this neuron network is called feedforward network,

or perceptrons. Fig. 5,2 shows a tJrree layer feedforward network, where connec-

tions are unidi¡ectional, so that a signal is presented to the input layer, and

propagates through the hidden layers to the output layer.

In general, forward propagation consists of passing wetghted and

summed input signals through a chosen nonlinearity, i.e.

¡r'

netj(l+ t) : > w,,(t+ I) 'o (t) + bj(t+ 1)

t= 1

Oj(l+ l) : slnet,(l+ 1)J

where oi (l+l ) is the output of the jth neuron of the (t+-l)t]: layeri net¡ (t+1) is the

net input to the.i'th neuron in the (I+l)th layer; w¡¡(I+t) ts theweightbetween.¡rth

neuron of (l+l)th layer and ¿th neuron of lttr layer; b¡(l+l) is the bias of the 3'ttr

neuron of (l+l)th layer|. g(x) is activation function. once the activation function

is chosen, a neural network is completely described by its weights and biases.
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Since a given neural network solves a specific problem, finding wetghts and blases

for the network is equivalent to finding the Ínput/output relationship that de-

scribes the problem.

"Multilayer networks cal implement arbitrary complex input/output

mappings or decision surfaces separating pattern classes. The most lmportant

attribute of a multilayer feedforward network is that it ca¡r leam a mapping of

aly complexity. The network learning is based on repeated presentations of the

training samples. The trained network often produces surprising results and

generalizations in appllcations where explicit derivation of mappings and dlscov-

ery of relationships is almost impossible." [41]

5.5 Necessary Number of Hidden Neurons

The size of a htdden layer ls a most important consideration to solve real

problems using multilayer feedforwa¡d networks. The problem of the size selection

is under intensive research wÍthout conclusÍve ans\¡/ers available for many tasks.

The precise analysis of the issue is difficult due to t]:e complexity of üre network

mapping and the nondeterministic characteristic of many successfully fìnished

training procedures.

"Single hidden-layer networks can form arbitrary decision regions in n-

dimensional input pattern space. There exist certain useful solutions as to the

number Jof hidden neurons needed for the network to perform properþ. [41]

Reference [41] suggests two formulas for estimating the number of hid-

den neurons. Assume that the n-dimensional nonaugmented input space is lin-
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early separable tnto Mdlsjoint regions with boundaries being parts of hyperplales,

The hidden layer neurons J needed to achieve classifìcation constitutes the so-

lution of the equation:

(5.6 )

forJ> n

For the case J ( z we have simply

J : logrM (5.7)

5.6 Back Propagation Learning Algorithm [39]

The back propagation learning algorithm is the most frequenily used

method in training the neural network. This algortthm fìnds tìe values of all of

the weights that minimize the error function usirig a method of g¡adient descent.

That is, after each pattern has been presented, the error on that pattern ls com-

puted and each weight is moved down the error gradient towards its minimum

value for ttrat pattern.

The iterative determination of the weights is usually initiated by setting

the weights to some small random va_lues. The weight adjustments are then made

by applying the generalized delta rule which ls based on t}re well-known gradient

minimization method. If pattern ¡r is presented to the network, the inputs are

always clamped to particular values, as shown in Fig. 5.3. We mark different

patterns by a superscript ¡r, then input /cis set to Ef ifpattern ¡r is being presented.

The Ef "* be binary or continuous-valued. JV is used for the number of input
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units and pfor the number of input pattern (p=t,2,... , p). A differentiable function

g(x) is chosen as activation function for all units.

o¡

wij

Hj

wjk

E

F¡s' õ 3'-'T'iriffiÏii"îä'i*ii"J'¿iï' network

For a given pattern p, hidden unitj has a net input

ald generates output

¿I : T'"..fl
I Lt lß rt'

k

,y : '(nl: '(I,*ci)
Therefore, output unit i has

o! : 
\w,,a! 

: 
\*,, s(L';-ei)

and reaches the ffnal output

(5.8)

(5.e)

(5.10 )

oï : 
'("i) 

: 
'(4*,,,ï): ,(\*,,'(),,-el)) (5.,, )
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The bias terms have been omitted here because they can be taken care of by arr

extra input unit connected to all units in the network.

The error function -E is actually deffned by

69

The idea behtnd gradlent descent is to make a ch¿ì.nge tn the weight

proportional to the negative of the derivative of the error, as measured in the

current pattern, with respect to each weight. Thus to readily complete the deriv-

ative of the error function witÌ respect to any weight in the network. We change

the wetght according to following rule

u : )y2(t -or)'
p¡

{ is tfre target output of unit lc.

Of is tfre actual output of unit fc.

n*: -.nY
o$,

For the hidden-to-output connections the gradient rule gives

Lw tj : --ï1 
aw tÐ-j: 

rr 

)oiai
a1 : s'(11)i4-o¡

I is learnjng rate constant

( 5.t2 |

(5.13 )

(5,14 )

( 5.15 )and

where

For the input-to-hidden connection Lw,o, we must differentiate with respect to

the Ârøro's :
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t*,¡: -n{6: '3ä '#: nlði Ef

aj: s'(øj)¡rvu ai
I

õoutt¡utX H input

( 5.16 )

( 5.r7 |

( 5.18 l

It is interest that (5.16) has the same formate as (5,14), but with a different

defìnition of ô's. Generally, with an arbitrary number of layers, the weight update

rule can always be written in the form

Lw
þq

:1 T
pallerns

where output and, ínput refer to the ends p arrd q of the link concerned, and H

represents for the appropriate input-end activation from a hidden unit or a real

input. The form ofô depends on the layer concerned; for the last layer of connec-

tions it is given by (5. 15), while for all otler layers it ls given by an equation like

(5.17).

Usually, a sigmoid function is selected as the activation function g(.r).

The derivatives of this function are readlly expressed in terms of the function itself

as B'ß) = g( 1- I ). Thus (5.15) is often written as

oi: oi(r -"f)(t-"f) ( 5.19 )

The convergence rate can be improved by adding a momentum term to (5.18)

Lwrn(n+1):n L õ ou,ou,x H i,,¡,ur + uLw rn(n)
p4llet n3

( 5,20 )
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where o is the momentum constant to determine the effect of past weight changes.

n is the iteraüon number.

(5.17) allows us to determine the õ for a given hidden unit H¡ in terms

of the ô's of units O¿ that it feeds. The coefücients are just the usual "forward"

I7y-'s, but here they are propagating errors backwards instead of signals forwa¡ds

as shown in Fig. 5.3: hence the narne etror back-propagatlon orjust back-prop-

agation.

5.7 Pattern Classification by Artificial Neural Network

Pattern recognition, defìned as an abstract formulation of the categori-

zation tasks Ín pattern classification, is the dominating fietd of the applications

of neural networks. A pattem is the quantitative description of an object or phe-

nomenon. The goal of pattem classiffcation is to asslgn a physical object or phe-

nomenon to one of the prespecifìed classes (or categories). Despite the lack of any

formal theory of pattern perceptlon and classifìcation, human belngs and animals

have performed these tasks since the beginntng of their existence.

In general, the concept of pattern classifìcation may be expressed as a

mapptng from lV dimensional feature space 91 to decision space CE, as shown in
Fig. 5.4. The input to the pattern recognition system is a feature vector and the
output is the declsion as to the category in which the input pattern belongs.

Given an input pattern, consisting of N measured patterns, it is possible to
extract some of the inherent cha¡acteristics in the input pattern which are hard
to be derived and to provide a meaningful categorization of input data content.
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N dimensional

feature space

(E

Decision space

Fig. 5.4 Principle of pattem classifìcation by ANN

A pattern classification system is generally considered as a two stage

device, The first stage is feature extraction and the second stage is classlûca-

tlon, as shown in Fig. 5.5. Feature extraction corresponds to selection ofa defi-

Fig. 5.5 Block diagram of pattern classiflcation system

nite characteristic of the input pattern. The classifler is supplied with the list of

measured features. The task is to map these input patterns onto a classifica on

state, that is, given the input features, the classlfier must decide which type

class category they must match closely. The classifiers typicaJly rely on dlstance

metrics and probability theories to perform the above task. They are designed to

lea¡n the proper decision rule using a training set. The training set consists of

feature vectors of known classification. During the traintng phase, the system is

given the feature vectors one by one and is told what the classification should

be. The system uses this information in a learning algortthm to learn the deci-

sion rules needed,

Pattern
space

To demonstrate the working principle of a classifier, let us consider a
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simple example where there are only two inputs to the neural network, x¡ and

x2 . In this case, the pattern space reduces to be a plane with the inputs x1 and

x2being the coordinates of the plane, as shown in Fig. 5.6. Each point on the

o
o
o
o

tr.ig. 6.6 Separability of patterns

plane corresponds to an input pattem. If the relationship between input and

output is linear, a linear function, such as threshold functlon, can be chosen as

the activation function. There exists exactly a straight line to separate tÌìe input

pâtterns into two categories, R1 and R2, shor.r.n as in Ftg. 5.6 (a) and ( 5,4 ) and (

5.5 ) become:

735.

X2

L:
Rt:

Rz:

lel ..rl + w2. x2+ b : 0

rtl'.Tt++vr'xrlb)0

lel .fl + tvr.xr+ b <0

( 5.2r )

( 5.22 )

( 5.23 )

In fact, probiems in a power system are mostly nonlinear. A nonlinea¡

function, such as a sigmoid function, can be chosen as the activation function,

and hidden neurons can be added to the network. There should be a curve

existing to map the input patterns to output categories, like in Fig. 5,6þJ.

9oo

(a)
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uià

oRl

(b)
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Actually, the number of neural network inputs, lV, is usually more

than two. Hence, the pattern feature space 91 can be divtded into expected

classes by a set of hyperplanes whtch can be used to represent the connection

weights between neurons. Thus, updating connection weights in the training

process is equivalent to moving the weight hyperplanes in pattern space 9ì.

In electric power system protection, relays make decisions depending

on input information (voltage and current pattems) and separate these deci-

sions into two categories: normal operation and fault. Neural networks appear

to offer features which colncide well with the requirements of protective relays.

Distance protection can be conceptualized as a pattem classlfìcation problem

which involves the association of patterns of input data representing the behav-

iour ofthe power system into one of two categories.

5.8 An Artificial Neural Network Simulator: Xerion [44]

A powerful artificial neural network simulator, XerÍon, developed by the

Department of Computer Science, University of Toronto, was installed on the

SUN-station system at Department of Electrical and Computer Engineering, The

University of Manitoba. Xerion ls a collection of C libraries that can be used to

implement many different neural network models. It has a command line interface

for creating arÌd training the ANN, examining and modi$ring data structures,

redirecting the output using streams, as well as miscellaleous utilities. It also

has a graphical interface for displaying network activations and examining con-

nection weights. Several simulators have been built with Xerion. Among them, a

Boltzma¡n Machine, Mean Field Theory Machine, a Kohonen Network, Back prop-

agation and Recurrent Back Propagatlon Network,
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Networks in Xerion are composed of sets of objects. Buildtng a network

requires creating these objects and connecting them together in the proper order

to create a single network. A unit is an object that has an input, an output ald
a function for transferring the input to tJle output (i.e. a neuron model). Units are

connected to one another by links. Links have modifiable connection weights,

derivatives for the weÍghts, and a function for ca-lculating these derivatives.

Through a set of commands, you can speciSr layers of the network, units (neurons)

in each layer, and the links between neurons, so that a neural network is created.

Note that when a new network is created, a bias group is automatically created.

It has a single unit in it whose output is always I .

Once the network is butlt, the most important thing is to initialize the

weights in the network on the range (-1, I). Patterns for training, testing and

validatfon are put ln separate fìles wittr a speclal format. A system comma¡rd,

addÐxamplel takes a mask describing the type of patterns to add and the name

of the Íìle containlng these patterns, and then adds them into the simulator. The

network, thus, Ís ready to be trained. Training command, minímize, is a complex

command. It can traln a network using: steepest descent, momentum descent,

delta-bar-delta, quick-pop, and conjugate gradient wlth va_rious line searches.

Once a network has been built and trained, the weights in the network ca¡r be

saved to the file you specified.

When Xerion is started, it pops up a window wlth several push buttons

on it. Each of these buttons opens anotJrer window (display) which allows you to

view or modiff the network learnÌng methods or simulator variables:
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Activity Display : to view the activations of the network and process

individual patterns.

Connection Display : to vlew the connection weights of the network.

Learning Methods : to select the learning method and set parameters

that a-ffect it.

Graphs : to plot values as they change during training.

System Variables : to vlew and modtfied a list of system wide va¡iables

used by the simulator.



Chapter SÍx

Application
Part I:

of ANNs to Distance Protection
The Suitability to The Problem of Remote

Infeed and Varying Source Impedances

6. I Introduction

Even though tÌ e conventlonal distance relay is one of the most important

relays for the transmission or distribution line protection, its suitabitity to adapt

to variations of source lmpedances and remote infeed is still a problem, as pre-

sented in Chapter 3. For the case of source impedance variation, a var5ring fault

arc resista¡rce wi-ll lead to mis-operation because the fault arc resistance ls non-

linear in that it is essentially a constant voltage element rather tha¡r a constant

resista¡rce element. For the case of remote end infeed, the current into the fault

branch may signifìcantly modiff the impedance presented to the relay at the local

end and lead again to a possible overreach/underreach error.

Artifìcial neura-l networks a¡e well-suited to the above problems where

exact functional relationships are neither well deffned nor easily computable.

The applicatton of artificia_l neural networks to distance protection ls

presented in this chapter. The PSCAD/EMTDC tool ls utilized to create tJ:e train-

ing and testing cases with va¡ying system parameters. The ANN is frarned using

many load and fault cases, tesúed using cases with different system conditions

and run using more detailed fault cases along the whole transmission line.
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The emphasis here is on creating more selective ground fault detection

in spite of pre-fault loading in eittrer direction, variable source impedance, and

variable arcing fault resistance. The prospective ANN distance relay shows very

good performance in identi$ring single line-to-ground faults. Basic princlples

lea¡ned from thls investigation of application of an ANN to power system protection

will be of value to future advances in this direction.

6.2 Proposed ANN Construction

It is proposed that a feedforward neural network consisting of lnput,

hidden ald output layers is well suited to the problem to be solved here.

The lnput vectors represent a Jeatttre space which is necessarlr to im-

plement an expected tra¡rsfer function by a neural network. For thls application,

it seems logical to choose variables (after pre-processing) related to impedance.

Too many inputs to a network implies that the input vector contains too

much information, whereas too few lnputs means that the lnput vector contajns

too little information. In other words, some trÍal-and-error compromises have to

be made to reach a successful implementation.

For a distance relay, the problem is one of designing a feedforward net-

work that, given a set of samples, can classi$r the lnput pattern into two categories:

normal and fault. In this case it was chosen that the network's output be 1 when

the applied pattern is a fault pattern, and 0, when it 1s a normal pâttern.
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Consider the neural network tn Fig. 6. f . It is a fully connected three-

layer feedforward neural network that classiffes the input patterns into expected

categories.

input hidden output

Power
System

Voltâges
&

Currents

FiE. 6.1 Proposed neural network architecture

There a¡e five input signals required at the input layer : R, X Xso, R^.^

and X-"-,

R and X are the measured apparent impeda¡rce of the faulted tra¡rsmis-

sion line at tJle relay location D (Fig. 4. 1) using Eq. (2.5), the same components

that a conventional distance relay uses to detect the fault location. Inputting the

magnitude a-rld phase angle of the measured impedance is another option, but it
needs much more computation in t'I e preprocessor a¡rd results in a time delay of

relay trip and a burden for the preprocessor.
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R^"^and X^.- are the memory impedance, for example, S cycles before

the fault. They defìne the pre-fault conditions of the transmission line such as

direction and magnitude ofload current so that the relay based on ANN can adapt

to the effect of pre-fault load flow. The load current magnitude ald phase angle

as well as tJre phase difference between the voltage and current can also be used

as inputs to represent the pre-fault conditions, but again much more calculation

is required. On the other hand, the load impedance, R-.- and X,r.r*, has already

been calculated for earlier impedance measurement even under normal load con-

ditions. Therefore it does not increase the computatlon time.

Xs¿ is the equivalent zero sequence source reactance behind the relay

and can be obtained from the imaginary part of -V6/ Iç. This allows the distance

relay to be more sensitive because only small zero sequence quantifles exist during

normal operation l47l and the groundtng points are relatively ffxed so that the

impedance of tÌìe zero sequence network can be used to identify the system struc-

ture. In other words, ttre introduction of Xs6 makes it possible for the distance

relay to adapt to changes Ín system structure, i.e., system impedance.

As shown in Fig. 6. t, a pre-processor performs the above calculation.

The output layer consists of only one neuron which has a continuous-

value output in the range [0, 1]. Outputs bigger than O.5 indicate tripping, oth-

erwise non-tripping. A continuous-value output is preferred at this stage in order

to see the decisiveness of the output, It is easy to get the necessary binary output,

0 or l, by adding an extra neuron with a bias of -0.5 a¡rd threshold activation

function to this output neuron.
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The hidden layer here plays a very important role. Sometimes two hidden

layers are used, but it has been proven that only one hidden layer is sufficient to

approximate any continuous function[S9]. The utility of these results depends,

of course, on how many hidden neurons are necessa¡y, a¡rd this is not known in

general. In many cases it may grow exponentially with the number of input units.

Thus, selecting the number of hldden neurons is critical to tJre success of the

network. If too few htdden neurons are selected, the network will not be able to

learn all of tJ:re pattems correctly. But too many hidden neurons wlll result in the

network tending to memorize tJre patterns instead of learning to detect the globa,l

features of the pattems[39].

Reference [41] suggests Eq. (5.6) and Eq. (5.7) from Chapter 5 for esfl-

mating the number of hidden neurons. In this case, the 5-dimenslonal input space

is expected to be linearly separable into 2 disjoint regions: normal and fault. The

formulas indicate that only one hidden neuron is requlred. Obviously, this can

not be true. Our experience indicates that the number of hidden units selected

at flrst should be around (number of input units + number of output units)/2

and then increased or decreased dynamically in order to achieve an optimal

configuration. In the proposed ANN shown in Fig. 6.1, seven hidden neurons

allow the training algorithm to easily fìnd the values of a set of tfre weights that

minimizes the error function, and allows the ANN to have an excellent generalizing

ability.

6.3 the Sigmoid Function

The sigmoid function of Eq. (5.2) is a popular continuous function used

as the activation function of neurons, Specifìcally, this function provides more
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information than the bina-ry output of the thresholding element (see Chapter 5).

The derivative f (net) of the activation function serves as a multiplying factor ln

butlding components of the so-called error signal vectors. Thus, the shape of the

sigmoid function would strongly affect the speed of network learning. The default

activation function of neurons in Xerion is a sigmoid function of the form:

82

f(net):ì=, (6.1 )

<Dc o.5

Its shape is shown in Fig, 6.2. Notice that the output takes on values in the range

(0,1).

-202
net

Ftg. 6.2 Sigmoid function

The input pattems are the quantttative descrlption of a phenomenon.

In order to make use of the nonlineartty of a sigmotd function such that the

neuron's output lies on tlle range (O, I) and, ultimately, permit the network to

reach a successful classiffcation, it is required that the input pattems have to be

normalized into the range (0, l) before they are applied to the neural network for
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training. Supposing tÌat an input of network, t, has a minimum value of x-¡,.

and a maximum value of x^r* the normalized value of an input x should be of

t}le form:
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^ nta¡ n ntin
(6,2)

This raises a question as to how to select the minimum xm¿n arld the

maximum x*o", because a 'raw'variable might have a large range. However, for

most real-world problems, the principle distribution of digitaltzed patterns which

describe the problem will be in a relatively fìxed range, as shown tn Fig. 6.3,

Fig. 6.3 A general picture of pattern distribution

where the maximum number is iV* and the minimum number is N_. It ts clear that

most pattems are distributed in the range (M_, M*) and only a few extreme cases

locate at the range (JV, lV.). If lV* was selected as x-o* and lV- as x-¿r.,, the training

ofa neural network is probably convergent but it ts not in most cases because,

usually, (N* - lV) is too large a number. The normalization which converts the

patterns into the range (0, 1) will greatly compress the useful information so that

the useful features are hard to extract during the training procedure. Based on

above consideration, M* is selected as xmax arñ M_ is selected ês x¡n¡¿.
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6.4 Operating Characteristic Deûnitlon for an ANN Distance
Relay

In Chapter 2, lt was stated that a distance relay with a quadrilateral

characteristic has been used widely in computer relaying because it is directional

and has significant extension of tl:le resistlve reach under unbala¡rced fault con-

ditions. The quadrilateral operating characteristic for the ANN dista¡rce relay is

shown in Fig. 6.4.

In order to identj$¡ the fault location easily, the fractional distance along

the line from the relay location, 0(, instead of reactance Xis introduced as one of

the axes while the fault resistance Rp is another. In general, it is expected that

the relay trips only if the faults a¡e less tha¡r 80olo of the transmission llne length

'- Trainjng 

- 

Runnìng
r ---- Testing
L--_
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Fig. 6.4 Data selection and categories recognized by ANN
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(Cx, = O.8). As suggested in [37], the most frequently occurring values of "apparent

fault resistance" range from 5 CJ to 25 A. Thus 20 Ç2 is a reasonable value for one

of the tripping region bounda¡ies. A quadrilateral protection zone is therefore

assigned to the prospectlve ANN dista¡rce relay as the shaded area in Fig. 6,4:

0<cr<0.80

0.0<R¡,<20.0

(6.3)
(6.4)

Note that the target of the ANN output is set to I if a training pattern ls

located in the trippin g-zor,.e, otherwÍse to 0.

6.5 Selection of Training Patterns

Training patterns come from PSCAD/EMTDC simulation of the system

shown ln Fig. 4.f of Chapter 4. The selection of trainlng pattems should cover

most possible cases, including valytng source impedances, pre-fault load condi-

tions, fault locations and fault resistances. In the simulatlon, therefore, five vari-

ables are chosen to be adjustable, as seen in Table 6.1 and in Fig. 6.4 as the

intersections of the solid lines. Totally, there are 488 cases listed in APPENDIX

D, including loads and faults, used to train the ANN.

6.6 Training of The Proposed AI\IN

The proposed neural network is trained using the above input/output
patterns under the enor backpropagation learníng aþorithm. The back-propaga-

tion learnlng a,lgorittìm allows experimental acquisition of input/output mapping

knowledge within t1le multilayer network. If a pattern is submitted a¡rd its clas-

sification is determined to be erroneous, the synaptic weights as well as the
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Table 6,1 : Selection of system parameters

Es = E¡ = 138.ozoo kv , En = 138.02õ kV
Source Inpedance: Kelsey: zs-tntc =ta.45z\6.so, Zs¡t¡c =26.167:86.80, zs-,,,o =tt.94Z8z.bo

Thompson: z^-,,,*.=zssoz++.oo,zR- ,i,ß =gt.tgz86.3o,z^.r",o =+.79¿96.4o

TRAINING TESTING
RUNNING

Run #l Run #2 Run #3

ct -0.1.,0.7,0.3,0.5,

0.7,0.9, 1..0

-0.1,0.2,0.6,
(0.8),0.9s -0.1 - 1.0 0.4

RF 2.0,10.0,78.0
22.0,30.0

4.0,1.4.0,26.0 6.0 t6.o 0.0 - 40.0

Kelsey
Zst = Zs"*rc, Zso = Zs-""ro

Zst = Zs.n¡,c , Zso= Zs-uro

Zst = 24.50286.30 ,
zso = zs-,"ro

Z st = 20.66 Za6 :3o, Z so = Z s-rno

Thompson LR1 - LRn LtC , LRO - -R-2etu ,

Zru = Za.u¡,c , Zao= Znouo .

Znt = 27.40184'00 ,

zno= Za-o,o
4n't = 29,89 Z84,Oo, Zpo = Zn-"no

ò - 3oo, - 1oo, 1oo, 3oo - 2oo,2oo - 2so ,- lso, Iso , 2so

o the fractional dlstance along the line from the relay location.

R¡. the fault resistance.

Zs the source impedance at the relay end (Kelsey).

ZR the source impedance at the remote end (Thompson).

ô the load angle of Thompson end wlth respect to Kelsey end.

thresholds are adJusted so that the current least mean-square classification effor

is reduced. The input/output mapping, comparison of target a¡rd actual values,

ald adjustment continue arrd training examples are presented to network ra¡r-

domly ald repeatedly until all mapping exarnples from training set are learned

within an acceptable overall error.
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The error back-propagation leaming algorithm in which slmaptic

strengths are systematically modifìed so that the response of the network increas-

ingly approximates the desi¡ed response ca¡r be interpreted as an optimization

problem, The generic crlterion function optimization algorithm is simply a nega-

tive gradient descent with a fìxed step size. Its essence is the evaluation of the

contrlbution of each particular weÍght to the output error.

Gradient descent a¡rd other optimization techniques can become stuck

in local míníma. of the error function 1391. Fig. 6.5 shows a typical cross section

of an error space in a single weight dimension. In practice, however, the learning

would be considered successful for .Ð below an acceptable minimum E-¿r. value.

The error function shown tn Fig. 6.5 possesses one global minimum below the

E-¿, but lt also has two local minima at u¡1 and u¡2. The learning procedure will

stop prematurely if it starts at point 2 or 3; thus the trained network will be unable

to produce the desired performance in terms of its acceptable terminal error. To

ensure convergence of a satisfactory mlnimum the starting point should be

changed to I . This is why the tratning has to be reprocessed many times to flnd
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the global minimum. An appropriate choice of the learning parameters should

guarantee that a good quality solution is found within a reasonable period of

computing time. There is a set of parameters available in Xerion to be adJustable.

The weights of the network to be tralned are typically initialized at small

rândom values. The initia,lization strongly a_ffects the ultimate solution. If all

weights start out with equal weight values, and if the solution requires that

unequal weights be developed, the network may not train properly. Unless the

network is dlsturbed by random factors or the random cha¡acter of input patterns

during training, tJre internal representation may continuously result in syrnmetric

weights.

Also, the network may fail to learn the set of training examples with the

error stabilizing or even increasing as the lea¡nlng contlnues. In fact, many em-

pirical studies of the algorithm polnt out that continuing training beyond a certaln

low-error plateau results in the undesi¡able drtft of weights [411. This causes the

error to increase and the quallty of mapping implemented by the network decreas-

es. To counteract t-I e drift problem, network learning should be restarted with

other ra¡rdom weights.

The effectiveness and convergence of the error back-propagation learn-

ing a-lgortthm depend significantly on the value of the learning rate ïì. In general,

however, the optimum value of 11 depends on the problem belng solved, and there

is no single learning rate value suitable for different training cases. When broad

minima yield small gradient values, then a larger value of r'¡ will result in a more

rapid convergence, However, for problems with steep and narrow minima, a small
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value of r'¡ must be chosen to avoid overshooting the solution. This leads to the

concluslon that q should indeed be chosen experimentally for each problem.

Usually, small learning rates guarantee a true gradlent descent, but the price is

an increased total number of learning steps needed to reach the satisfactory

solution.

The training pattems are re-presented to the ANN to inspect its operation

after training. Fig. 6.6 shows that the performance is satisfactory. A solid no-

deo represents a trlpping output and a¡r oval O represents a non-tripping out-

put. The neural network learns the training patterns very well and follows exac y

what it was told.

Non-lripping Zone

:ffi''':. ¡É': i
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Ftg. 6.6 Tratning performance of the proposed ANN
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Fig. 6.7 shows a set of wei€hts for the problem studied here, which has

the least learning error and very good generalizing capability.

6.7 Testing of The Proposed ANN

In order to check the abiltty of this network to genera_lize after training,

a set of 22 testing patterns (which were never presented to the network before)

was applied to the ANN. If the network has begun to memorize the training data

and lost the abiltty to generalize, such training has to restart until the performa¡rce

on both tralning data and testjng data is acceptable and then tl:e training is

fìnished. Selection of testing patterns is also shoum in Table 6.1 and Fig. 6.4. The

performance of the network on these testing patterns is shown in Fig. 6.6.

6.8 Running of The Proposed AIIIN

One of the distinct strengths of neural networks is their abtltty to gen-

erallze, The network is said to generalize well when it sensibly interpolates input

patterns that are new to the network. For the testing patterns, the network gen-

eralized in very "sensible" ways. But it is important to be clear just what it is we

are expecting the network to do when we look for generalization.

In our case, after successful presentation of training data and testing

data, the thlrd set of patterns, runnlng data, was used to determine whether or

not the tralned network met our acceptance criterla. The running cases were

made to pass through the whole trtpping region and non-tripping region with

many more samples than training and testing, as shown by the lines Run # I , Run

#2 and Run #3 in Fig. 6.4, about 528 cases listed in APPENDIX D, The selection



Application of ANN to Dìstønce Protection -- Pørt I

input

input hidden

input hidden input hidden

hidden output

output
bias

Fig. 6.7 Lhk weights of a successful training
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of power system parameters for runnlng is listed on Table 6. I and running results

are shown in Fig. 6.8, Fig. 6.9 and Fig. 6.10. The performance of the distance

relay based on ANN strategr is very good.

o[

Fig. 6.8 ANN distance relay performance with

varying transmitted load

Run#1 (Rr=6O)

Fig. 6.8 and Fig. 6.9 show the excellent operation performance of the

ANN distance relay along the transmission line. The actual outputs of the neural

network, corresponding to faults a-long the line, are quite close to the ideal oper-

ating characteristic, especially for high fault resist¿¡rce.
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For the single line-to-ground faults wtth lower fault resistance, Fig. 6.g,

the neural network's ability to classi$r the input patterns into proper categories

seems more stable if the ANN relay is at the power-sending end, i.e., negative ô.

There might be some overreach problems if this relay is at the power-receiving

end (positive õ) with light load (for example, ¡ = 150).

o[

Fig. 6.9 ANN dtstance relay performance with

varying tra¡rsmitted load

Run #2 (Rn= 16 O )

For the faults with higher fault resistance, Fig, 6.9, the neural network's

ability to classifu the input patterns into proper categories seems perfect for the

varying load conditions. The neural network's tripping traces are very close to t-l:le

expected line. The tripping for ttre faults around 6o% of the line seems a little bit

0.5o.4o.1-0.1
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unstable but it does not hurt tJre performance if outputs greater than 0.5 are

considered as tripping.

Fig. 6.10 shows the good performarrce of the ANN distance relay to iden-

ttfy a 20 Q fault resistance. The relatively higher errors appear when the ANN

relay is sited on the power-sending end, i.e., negative ô. The relay's ability of fault

resista¡rce identiûcation is very satisfactory if relay is at the power-receiving end,

1.e., positive ô.

___:_ ideal
--û-- ô=-15o
--ix-- ô= 15o
--#- ô=-25o
--f' ô = 2æ

Fig. 6.10 ANN distance relay performance with

varying transmitted load

Run #3 (o = 0.4 )
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6.9 Comparison Concerning Underreach/Overreach Error

For the actual transmission line in Fig. 4, 1, let us consider underreach/

overreach problems for both the conventional distance relay and the ANN dista¡rce

relay. Suppose that the system simulated is the same as that in the running

cases, i.e., Kelsey end: Zst=20.66286.30,2r0=11.94287.5o: Zru=29.B9Z,q.Oo,Zno

= 4]0286.40 . Assume tfiat the conventional distance relay with a quadrilateraì

operating characteristic detects the fault location by Eq. ( 2.5 ), and it was set at

80olo of the line length. Based on the simulation of Ftg. 4. 1, the reactance setting

will be Xr"r = 34.8 O. If there is no power flow through the line (load angle ¡ = O0l,

the conventional relay measures the correct distance: 80 km. In the case ô = -

250, RF= 6 O, power out of relay location, the measured reactance by Eq. ( 2.5 )

reaches X""¿ at 86.5 km, The overreach error, thus, is (86,5-80)/3O = 8.I25o/o.In

the case ô = 25o, R¡. = 6 O, power into relay location, the measured reacta¡rce

reaches X".r at 74 klrr, The underreach error ls (80-74) / 80 = 7 ,5o/o. From Ftg. 6.8,

it is clear that the largest error of the ANN distance relay for ô = 250 and RF = 6

Ç) is about 5 km. The maximum overreach error for the ANN relay, therefore, is

only 5/80=6,250/o.

Referring to Fig. 6.9, in the case ô = -250, R¡.= 16 O, the measured

reactance by Eq. ( 2,5 ) can not reach Xse¿ ln the transmission line. The overreach

error, thus, is at least (100-80)/SO =25o/o. In the case ô = 250, R¡.= t6 O, the

measured reacta¡rce reaches Xr., at 66 km. The underreach error is (8O-66)/30

= 17.5o/o. From Flg. 6.9, it is obvious that the errors of the ANN distance relay for
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any load conditions are less than 3 km. The maximum underreach/overreach

error for the ANN relay, therefore, is only 3/8O=S.Z5o/o.

6. 10 Summary

As was well-known, the suitability of conventional distance relays to

adapt to variations of source impedance a¡ld pre-fault load is still a problem. An

ANN-based distance relay has been proposed. The performance of the ANN dis-

tance relay, based on the simulation of an actual transmlssion line of Manitoba

Hydro in PSCAD/EMTDC, is very good. The following conclusions can be drawn

through the training of a neural network as a distance relay:

1 . The prospective ANN distance relay demonstrates a great

potential to separate the single line-to-ground faults along

the transmission llne into proper categories.

2. The prospective ANN distance relay has a great potentia_l

to identiSr the fault resistances a¡ound the specified pro-

tection zone.

3. The prospective ANN distance relay can adapt to pre-fault

load conditions, va¡iable source impedance and variable

ground fault resistance.

4. The prospective ANN dista¡rce relay can reduce under-

reach/overreach errors.
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It appears that the ANN strategr is a good solution for a distance relay

to adapt to varying pre-fault load, source impedance and ground reslstance.

Although a great deal of study still needs to be done, the preliminar5r result shows 
,

an exciting future in the application of a¡tifìcial neural networks to power system

protectlon.



Chapter Seven

Application of ANNs to Distance Protection
Part II : The Suitability to The Problem of

Non-linear Arcing Fault Resistance

7.1 Introduction

It is a well-accepted fact that arcing fault resistance is nonlinear. It is

essentially a constant voltage component rather than a constant reslstance com-

ponent. It results in a setting problem for distance relays as described in chapter

3. The research results g¡lven in Chapter 6 are limited by the fact that the inves-

tigation was based on a linear a-rcing fault resistance model. Artificial neurar

networks are also well-suited to problems of inherent nonlinear nature and there-

fore, it was decided to build up a nonlinear arcing fault resistance model and

apply ANN methodologr.

Based on the nature of the arcing fault resistance, a nonlinear arcing

fault model has been applied in PSCAD/EMTDC to create the training, testing

artd ruûiing cases with va-rying system parameters. The simulation system was

an actual Ma¡ritoba Hydro transmission line, the same one used in Chapter 6

except for tfie arcing fault resistance model. An ANN was frarned using many load

and fault cases, tested using cases with different system conditions and n-¿n using

more detailed fault cases along the whole transmlssion line.

The research here was focused on creating more selective detection in

the presence of arctng faults, especially for radial distributton lines where arc
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resistance ca¡r be a significant part of the zero sequence impedance. The effec-

tiveness was to be in spite of pre-fault loading in either direction, va¡iable source

impedance, and variable ground fault resistance. Also, a new operating charac-

teristic was devised, and the comparison with a convenüonal dista¡ce relay

showed that the prospective ANN dlstance relay had very good performance.

7.2 Investigatlon of Arcing Fault Resistance Nonlinearity

The investigation of the nature of arcing fault reslstance is arr old topic

and was studied by researchers as early as a haJfcentury ago. The characteristics

of fault resistance are descrlbed and the neutral-current wave traces are present-

ed in [361. Based largely on statistical and oscillographic study of power system

fault currents for ffve power systems, reasonable values of fault resistance for a

line-to-ground fault are given by t371.

Volt-ampere characteristics of 60-cycle arcs in süIl air with lengths and

currents have been studied under laboratory conditions [s8]. Resea¡ch showed

that the arcs varied in peak current from 68 to 2l,T5O amperes and in length

from l/8 to 48 inches; the voltage gradient Ín an arc is a_ffected very litile by

current magnitude and all gradlents, ttrroughout the entire range of currents,

remained between 2l .5 and 50 volts per inch. The average voltage gradients at

current peak for 60-cycle a¡cs in air lie between Bl and 88 volts per inch for

currents over the entire range from less tha¡r 100 to over 20,000 peak amperes.

Tlrpical oscillogram is shown in Fig. 7.1, illustrating the current through the arc

and the voltage across the arc with a flat-top. Fig. T.2 has shown the volt-ampere
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Ftg. 7.1 Current and arc voltage wtth 48-tnch series arc [S8]
(maximum peak current 5,44O amperes)

FiÉ. 7,2 Volt-ampere cha¡acteristic of an arc with tength 48 tnches [381
A -Amperes B - Volts
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cha¡acteristic of a¡r arc. voltage and current waveshapes are illustrated on the

right-top of Fig. 7.2.

Continuous conductlon of a fault arc needs a certain voltage gradient

applied. Resea¡ch shows that the voltage across the arc has a flat-top waveform.

The magnitude of the arc voltage may var5¡ depending on arc lengfth but it is
independent of cur¡ent through the a¡c. For example, in a simple distribution

system as shown in Fig. 7.3, the current through the arc is determined only by

source E, and system impedance Z" because the arcing resistance Rp is smaJl.

/,ô I

fiî",L-
F¡E. 7.3 Independence of current through the arc ln a simple system

7.3 Arc Length of A Ground Fault

The length of an a¡c in a single line-to-ground fault basically depends

on the length ofsuspension insulator strlngs. porcelain insulators have been used

at all transmission line voltages from 115 through 765 kV and up to UF{V [4g1.

Manufacturers supply cata-logs which provide a physical description of the insu-

lator's mechanical characteristics. The dimension of a typical standard porcelain

disk insulator is l0 x 5l in, i.e., 10 inch of disk diameter ana Sl inch of height.
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The electrical strength of line insulation may be determined by power

frequency, switching surge, or lightning performance requirements. At different

line voltages, different parameters tend to dominate. Table 7.1 shows typical line

insulation levels.

lable 7.1 TVoical line insulation

Line
voltage, kV

No. of
standard dlsks

Creepage length Voltage across percentage of
ü¡ith strong wind, in tl.e arc, kV rated voltaAe

r15
138
230
345
500
/t'í)

7 -9
7-ro

LI-12
16 - 18
24-26
30-37

24r.5 - 310.5
247.5 - 345.0
379.5 - 414.0
552.0 - 62r.0
828.0 - 897.0

1035.0 - t276.5

8.453 - 10.868
8.453 - 12.075

13.283 - 14.490
t9.320 - 2L.735
28.980 - 31.395
36.225 - 44.6,7A

7.350 - 9.450
6.125 - 8.750
5.775 - 6.300
5.600 - 6.300
5.796 - 6.279
4.735 - 5.840

Design for contamination is usually expressed as lnches of creepage per

kilovolt, where the creepage distance is the length of the shortest path for a current

over the insulator surface and is up to 2 inches per kilovolt or more for heavy

contamination. Sta¡rda¡d lnsulator disks (10 x Sl int have a typical creepage

length of 11.5 Ínches per disk. Another criteria for insulation design is usually

that flashover shall not occur for normal operating conditions, including reduced

clearances to the structure from htgh wind which occurs only once in 50 or 100

years [48], The velocity of this wind may be typically B0 to 100 milh. The third

column of Tabie 7.1 shows the total creepage length aJong the insulator strings.

The data above shows that the average voltage gradient is about 35 volts

per inch a¡d this is used in what follows. The typical voltâges across the arc in

different voltage levels are shown in the fourth column of Table 7. l. The fìfth
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column of Table 7.1 gives the voltage across the a¡c in terms of percentages of

rating voltage. The voltage across the a¡c lies between 4.z\5o/o and g.4solo of the

rating voltage, so 10olo of the rating voltage would be a good ,worst case'to use.

7.4 The Model for Arc Resistance

The nature of the arcing fault resistance has been described in the

previous section.

It is well knoum that a surge arrester is a nonlinear element. Once the

voltage breaks doum the arrester, it will conduct and the voltage Ís constant no

matter how large the current through tt. In pSCAD/EMTDC, metal oxide surge

arresters are mathematically modelled by using a large resistive branch speciffed

with positive node numbers in the data file. The resista¡rce of the branch is

changed ln a piece-wise linear fashion to represent the slope of the arrester char-

acteristic. Fig, 7 ,4(a) shows the Draft icon for a metal oxide surge arrester. It has

a default I-V characteristic listed in Table 7.2 wlnich is based on the ASEA XAp-

A' a gapless metal oxide surge arrester. when the default arrester voltage rating

is set at 40 kV, Fig. 7.4[b) shows an actual I-V characteristic drlven by a l3g kV

AC source through a reslstor, and Fig. 7.4(c) shows the current and voltage wave-

forms, respectlvely.

Obviously, the surge arrester model is well-suited for the simulation of

this nonlinearity. Based on the same transmission line studied in chapter 6, the

simulating system structure of Fig. 7.5 is used.
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Table 7.2 ASEA XAP-A I-V characteristic

Voltage, (p.u.) Cur¡ent, (kA)

1.100
I.600
L700
r.739
r.777
L815
1.853
1.881
r.9I O

1.948

3.200

0.00I
0.0r0
0.100
0.200
0.380
0.650
1.110
I.500
2.000
2.800

200.000

4frT
( a ) Draft icon for surge arrester

*t
i ,4--".t r

^-tt
Yt I

l; 0¡ I

3l I.,"t It/: ,-_/'
I

-s05io15
l-ár€sier (ÌÀ)

( b ) I-V characteristic of default arl'ester

!o

( c ) Current and voltage waveforms

!

i

I 1-ljjL__t__
l

i

Fllg, 7.4 Modelling metal oxide surge arrester
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Es Zsr

Fig. 7.5 Simulation system considerlng nonlinear a¡c resistance

Fig. 7.6 shows the simulatlon outcomes at the system settings:

Kelsey i Es=l\9zTo kV, Zrr=2O.66286.3o ,Zrr= ll.g4z77.5o

Thompson i Es =Ig8Z25o kV, ZR.1= 29.A9ZA4.Oo , Zno = 4.ZOtB6.4o

Fault : tr = 0.20, Vp =O.OB Vpn¡¡n,

7.6 Structure of The Suggested AIrIN

Based on the same consideration in Chapter 6, the neural network in

Fig. 7.7 is proposed for the prospectlve ANN distance relay to create more selective

arcing fault detection. It is a fully connected three-layer feedforward neural net-

work using a classifier working on the input patterns.
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1
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-200
-250
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I

o-22 0.24
time (scc.)

Fig. 7.6 Simulation outcomes
(The variables are deffned in Fig. 7.5, except for Rl and Xl, which are the resistance and

reactance seen by the relay ,,D',.)
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There a¡e five neurons required in the input layer: R, X, Xs¿, R^rrr, and

Xmem. Six hidden neurons are assigned at the hidden layer because d5mamic

training showed that six hidden neurons achleved a¡r excellent generalizing abil-

ity. The output layer consists of only one neuron which has a conti¡ruous-value

output in region [0, 1] that allow us to check the output decisiveness.

input hidden output

Power
System

Voltages
&

Currents

îig. 7,7 Proposed neural network structure

7.6 Operating Characteristic Defining for ANN Distance Relay

Because of the nonlinear: arcing fault resistance model, Ûre operating

characteristic of the ANN distance relay is quite different from that of chapter 6.

The fractional distance along the line from the relay location, cr, is still one of the

axes in order to identiôr the fault location easily. Consider that once the flashover

occurs, a certain amount of voltage must be kept across the arc for a fixed length

Èo
v)
v)
Ë¡l
Ua
Ê(
$
hì
È
À;
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ofa¡c. Therefore, the cut-offvoltage in the surge arrester, v¡ is chosen as another

axis, as shown in Fig. 7.8.

similarly, it is expected that the relay trips if the faults are located within

80olo of the transmlssion line length (cr, = 0.8) a¡rd does not trip if beyond 8070. As

was suggested above the worst case is considered to be when the arc is 10% of

the system voltage rating, I00lo of the system voltage rating is Ûrerefore a reason-

able right hand boundar¡z of the trlpping region. A quadrilateral protection zone

is, therefore, assig¡ned to the prospective ANN distance relay as indicated by the

shaded area in Fig. 7.8:

0<a<0.80

0.0<yF<0.1

| 

- 

TraininS O Tripping I

;---- Tesring O Non-rr¡pping :

L.-- _.._..J
Run #2

(7.1)
(7.2 )

Ftg. 7.8 ANN training and testing patterns
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Note that the target of the ANN output ls set to I if a training pattern is

located in t.Ile trippin g-zorre, otherwise to O.

7.7 Selection of Training, Testing and Running patterns

Training, testing and mnning patterns come from the pSCADr/EMTDC

simulation of the system shown in Fig. 7.5. In the simulation, ffve variables,

including varying source impedances, pre-fault load conditions, fault loca ons

and the cut-off voltage of arcing fault resistances, are chosen to be adjustable,

as listed in Table 7,3. Totally, 296 training cases, 22 testing cases and bOB running

Table 7.3: Selection ofsystem parameters

Ës = ËR = 138.02Oo kv , En = 138.02ô kV
Source Impedance: Kelsey:Zstr¿tc=t1.4:ol}6.so,zs1jti,ß=26.t6zì6.go,zs_,",o=tt.g4zez.5o

Thompson: zn¿¡n¡c =2s.90 zï4.oo, z 

^-,,,,,,o 
=st .t9 za6.so , z^_,,. =4.76¿g6.4o

the fractional dlstance a-long the line from the relay location.

the cut-off voltage of arcing fault resistance model.

the source impedance at the relay end (Kelsey).

G

vF

ZS

TRAINING TESTING
RUNNING

Run #1 Run f2 Run #3

0[ -0.1., 0.1., 0.5, 0.7, 0.9, 1..0 -0.1.,0.2,0.6,0.95 -0.1 - 1.0 0.4

VF 0.01, 0.09, 0.11,0.1.4 0.03,0.07,0.72 0.02 0.08 0.0 - 0.15

Kelsey
Zst = Zs-,*,c , Zss = Zs-,¿rc ;

Zst = Zs,u¡,c , Zso = Zs-u- .

Zst = 24.50186.30 ,

'50 - -S-t¿rc
Z st = 20.66 286.S0, Z so = Z s"rro

Thompson Zm = Zn-,,otc ,Zno = Zn-,",o

ZAt = Za.,¡,c, Zno = Zn-,",o

Zm = 27'40t84.Oo ,

zno = Zn-o,n
lat = 29 .89 284 .Oo , ZRo = ZR-r*o

ô - 3oo, - 1oo, 1oo, 3oo - 200,200 - 250,- 150, 150, 250
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ZR the source impedance at the remote end (Thompson).

ô the load angle of Thompson end with respect to Kelsey end.

cases are created from tle simulation. AII the cases are listed in APPENDIX D.

Testing patterns are sparsely distributed in the interested area to test the training

effìciency. Three running lines, Run # l, Run #2 and R¿rn #3 in Fig. 7.g, go through

the whole tripping region and non-tripping region with many more samples tha¡
training and testing to check the ANN's performance. From Table 7.3 and Fig.

7.8, it can been seen that the training patterns a¡e selected near re boundary

to define the tripping reglon, and the testing pâtterns are scattered in tripping

and non-tripping zone to sample acceptability of the training procedure. Run #l
a¡rd Run #2 are set close to the boundaries where ttle worst cases for the ANN

distance relay are located. Run #3 is set at cr = 0.4 only for checking of sensitivity

of the prospective relay on the cut-off voltage of a¡c resistance.

7.4 lraining and Testing Details

The proposed neural network is trained by above 296 input/output
patterns under the error baclcpropagatian learníng algorifhm. The initial weights

a¡rd biases of the network are randomly selected. Input vectors a¡e normalized

such that each element value lies in the range [o,l]. The input/output vectors

are presented to tile network randomly ald repeatedly until all mapping examples

from the training set a¡e learned wÍthin a¡r acceptable overall error.

The training patterns are re-presented to the ANN to inspect Íts operation

after training. A solld node o represents a tripping output and an oval O rep-

resents a non-tripping output in Fig. 7,8. The training cases all behaved correctly,

110
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input

Fig, 7.9 shows the set of weights arrived here.

input hidden hidden

%
ít.z\
0.9444

%
i¿.tt
.0.287

3un

^sú\'/

:6'&oa

input hidden hidden hidden output

%
í:nz\
.8.826

%e
7ssø

-2.882

output

Ftg. 7.9 The flnal weights and biases of a successful training
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TWenty-two testinE patterns (which were never presented to the net-

work before) were applied to trre ANN as well. The performance of re network on

these testing patterns is shown in Ftg. 7.8 a¡rd tt is acceptable.

7.9 Running Performance of The Proposed AI\IN

The third set of patterns, running data, was presented to the proposed

network to determine whether or not the tralned network met our acceptance

criteria. The running results a¡e shown in Fig. 7.10, Fig. 7.l l and Fig. 2.12.^1he

performance of the distance relay is very good.

o(,

Fig. 7.lO ANN distance relay performance with
va¡ying transmitted load

Run #l (Yr= O,O2 )

---- , ideal
--û'r- õ= 15o
--x:- õ=-15o
---#i- ô ¿- 25o
--*:-' ô = 2æ
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For the single line-to-ground faults with a short arc, i.e., low cut-off

voltage v¡r shown in Fig. 7.1o, the neural network's ability to classi$r the input

patterns into proper categories is very good. There a¡e slight overreach errors, the

maximum error being around (86-80)/80 = z.5o/o and the minimum at around
(83-80)/8o = 3,75o/o. It seems that the ANN relay has less overreach error if it is
located at the power-sending end, i.e., negative ô.

For faults with a long arc high cut-off voltage V¡r as shown in Fig. 7. I f ,

the neural network's abilfty to classi$r the input patterns into proper categories

seems perfect for var5rtng load conditions. The neural network's tripping traces

' r I I f'0 0.1 0.2 0.3 0.4 0.5 o.7 0.8

o[

Fig. 7. f f ANN distance relay performance with
varying transmitted load

Run #2 ( Vr= 0.08 )
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are very close to the expected ideal line when the load angle ô is set at -I50, l5o

and 250. For ð = -250, there are slightly more overreach errors, approximately

(86-80)/80 = 7.5%. The trippingfortlee faults atthe beginningof the line oraround

600lo of the line seems a bit unstable but it does not affect the performance since

outputs greater tha¡ 0.5 are considered as trfpping.

Fig. 7 .12 shows the performance of the ANN distance relay for case of

different nonlinear arcing fault voltage. There seem to be relative higher errors

appearing here. As can be seen, all the tripptng traces with varying load conditions

are very close, and will cover htgher arcing fault voltages thafl the settings. This

o.075

V,-t-
îig, 7.L2 ANN dista¡rce relay performance with

varying transmitted load

Run#3(a=0.4)

q)
q)

Io,c'õ-
o_
L-F
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does not have a negative effect on the relay performance as long as the allowed

fault voltage does not encroach on the load region. This load encroachment will
not occur ln terms of arcing faults.

7.lO Comparison wlth Conventional Distance Relay

In Chapter 4, an actual Manitoba Hydro transmission line, a l3gkV line

from Kelsey to Thompson in northern Manitoba, is modelled on pscAD/EMTDC.

The per kllometer impedance parameters of this llne are gtven in Table 2,4.

Irnpedance
Element

Resistance Reactance Susceptance

Posltive Sequence
Negative Sequence

o.043
0.043

¡<R<5.5+r

0 <x <39.24

0.490
0.490

3.374
3.374
2.27

Supposing there ls a conventional distance relay with a quadrilateral

operating characteristic shown as in Fig. 7.19. consider tJre system in Fig. 7.5,

with this conventional distance relay located at the Kelsey end. Let us set its

operating border based on an ANN distance relay frst. Assuming that this con-

ventional relay uses a reactance boundary of Boo/o of the transmission line length

and has 5.5 c¿ fault resistance extension, ttren the operating zone is defìned by

(7.4)
(7.5 )

where r is the resista¡rce of the line between the relay location to fault location.

with this assumptlon, the operating zones of the conventional dista¡rce relay and

Table 7.4 Per km imnedance of Kelse]¡ - Thomoson line
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the ANN distance relay are almost the same at certain system conditions.

Let us consider that a single line-to-ground fault occurs in tfie middle

of the line ( o = 0,5 ) and V¡ = 0.09 (at daytime, for example, under maximum

generation conditions), Zst = 18.45z.86.30, ZH = 25.90283.70 and heavy load ô = -
300. The measured impeda¡ce by the conventional distance relay using Eq. ( 2.b

) Is azs = 7 .26 + j2o.62 and the location of the fault on tJre impedance plane and

on the a-vp plane are shown in Fig. 2.13. In t]lis case, both the conventional

distance relay and the ANN distance relay operate well.

Conventional relay ANN relay

Ftg, 7. f 3 Comparison of conventional relay and ANN relay
for low source impedance and õ = -300

However, lf the system situation is changed, say at night time when ilre

sources are in the minimum generation mode, the system pafameters could be:

Zst= 26.16286.30,2H=31.19184.10 andloadflowreversed(positiveô).Theimped-

ance measured by a conventional distance relay is aZ7, = 9.47 + j22.SI at ô = 100

116
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and az¡; = 8.82 + j23.14 at ô = 300. The locations of the fault on the impeda¡ce

plane arrd on the cr-vp plane are shown in Fi,g.7,14. The location of the fault on

the impedance plane is outside of the trtpping zone but the location of the fault
on the cr-vp plane is the same as before. In this case, the conventional distance

relay mis-operates but the ANN distance relay operates correc y. In other words,

the ANN relay adapts to source impedance changes and responds correc y,

whereas the conventional relay fatls to see the fault.

Conventional relay ANN relay

F-ig,. 7.L4 Comparison of conventional relay and ANN relay
for high source impedance and ð = 300

7.ll Summary

conventional distance relays may not operate correctly under conditions

of nonlinear arcing fault resistance and variable source impedance. An ANN-based

distance relay has been presented here. The performance of the ANN distance

relay, based on the simulation of an actual transmission line of Manltoba Hydro

with a nonlinear arc resistance model in PSCAD / EMTDC, is very good, The fol-
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lowing conclusions can be drawn through the training of a neural network as a

distance relay:

1. The prospective ANN distance relay demonstrates a good

potential for separating the single line-to-ground faults

along the transmission line into proper categorles, even

with nonlinea¡ elements present in the system.

The prospective ANN dista¡rce relay has a good ability to

identi$ nonlinear arclng fault resistance in tlte protected

zone, even though the errors are little on the relíøble síde,

The prospective ANN dist¿¡rce relay can adapt to pre-fault

load conditions, variable source impedance and variable

arc lengfh, 1.e., varytng arcing fault resistance.

Although a great deal of study still needs to be done, the preliminary

result shows tfie exciting future for appllcation of artiffcial neural networks to

problems like nonlinear ground fault resistance, in power system protection.

118
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Chapter Eight

Conclusions

The work done in this thesis has accomplished its origina_l goals. The

main achievements and contributlon of this resea¡ch ca¡r be summarized as

follows:

:

, ( f ). Artificial neural networks have been applied to dista¡rce protection

, ø overcome some problems of convenflonal dista¡rce relays.

, (2 ). The suitability of ANN's to handle tradiilonal problems, such as
:

variatlon of source impedance a¡rd remote infeed effects, have been

, investigated and the results are very promising.
.

I ( 3 ). The suitabilit¡z of ANN's to adapt to arcing fault resistance has been
i

' investlgated a¡d the outcome is encouraging.

,. ( 4 ). DRAF r icons of the conventiona_l distance relays and their FORTRAN
,

: prograrns was developed in the PSCAD/EMTDC environment.

¡
¡

I ( 5 ). Successful simulation of thousa¡rds of cases for an actual Ma¡ritoba

Hydro transmission line has been done in the pSCAD/EMTDC en-

, vironment.
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(6 ). Aset ofproper input quantities toANN's has been found and defined.

The research shows that they are very effec ve.

( 7 ) . The appropriate construction of an ANN used for distance protection

purposes has been determined.

( 8 ). A functional set of weights and biases for the ANN has been found

and has good recalling ability as well as a good generalizlng ability.

( I ). A new kind of operating cha¡acteristic has been defined: one which

uses consta¡rt fault voltage rather than constant fault resistance.



Chapter Nine

Future Work

There are still many refinements that interest the author but time is not

available. These reffnements a¡e very important a¡rd critical for tlre implementa-

tion of real distance protection based on artificial neural networks. They are

follows:

I . Examination of the behavior of the ANN distance relay under tra¡rsient

conditions.

2. Examination of the behavior of the ANN distance relay during power

swings.

3' Application of artificial neural networks to detection of single line-to-

ground faults with nonlinear ground fault resistance.

4. Application of artifìcia_l neura_l networks to detection of phase_to_

phase faults and multiphase-to- ground faults.
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-ls-:-ll:_ zERo o-002?4 o.o626s 22.a34

, TIIREE PHASE FAULT ONE PI]ÀSE FÀULT
------- FRoM -------ÀREÀ cKT r/z /t*¡ ÀN(r+) /z+/ ÀN{i+) Àpp x/R /rA/ ÀN{rA) /z / ÀN(zÀ) Àpp X/R

/3ro/ ÀN(3ro) /zo/ ÀN(zo) App x/R151 fRÀDrssoN 1381 4l Pti/Pu 1.3383 -60.46 0.3316 84.95 11-318 ! -222ø -se.s4 0.4919 a4.,ts to.o7B
0.5766 -49-7A 0.1712 _92.01 2A.50.1152 tKrLSEy r38l 4 r pulpu 9.?006 -51.23 o.OOOO O.OO O.OOO r¡.6808 -51.A2 o-OOOO O,OO O.OOO

12 .3329 _5A.27 0.0656 _92.I3 26 .88.t
TOTÀL FÀU],T CURRENT (p.U.) 11.0371 _s7.62 12.9035 _s7.89

PSS/E SHORT CIRC'I I1 OIJTPUT wED. ÀUc 02 1995 14:49

I'IÀ:NITOBÀ IÍTÐRO SYSTE¡4 - MÀ:X.GE.I (X'D) - FÀMJ 95 05 08
GRN¡,IÀY, HUDBÀY, LUS INÀP , GOUTET, STVIT}!, ROSSÌ,ÀIG, DT'NI¡P , EERAELÎ

*** FÀU],TED Bûs IS : 360 [Tr{OMpMyS 139] ri+

Àr Blg_-:!9.-t.]flo!.!Mys, 138t ÀREA

THEV. R, X, X/R: POSITM O.O15O3

------- FROM -------ARXÀ CKI I/Z

104 ITHOMYSLK 230] 3 I PUIP0

35s ÍINCO 1381 41 PUIPU

4 (Pu) v+: / o.oooo/ o.oo (pu) !A: / o.oooo/ o.0o vo:.v+: / o.s96o/ 21-36 V_:

0.135t 9 8 .997 NEGÀÎIVE 0.01478 0.12994 I .795 ZERO O. OOt 56

TTIREE P¡IÀSE FAULT ONE P¡JASE
/r*¡ ÀNtr+) /z+/ ÀN(z+) ,Àpp x/R /rA/ ÀN(rÀJ /zA/

/3ro/ ÀN (3to ) /zo/
2.1633 -S7.88 0.0944 86.?3 t?.509 2.2014 _58.08 0.0943

0.5382 -56 .72 0 .4332
6 .0546 -55. 94 o. 0031 82 .55 7 .750 8.5930 -55.94 o . OO57

HOME BUS IS :

158 IKELSEY D 1] 81

0 LE!'E!,S Àl¡¡AY \

R

EOME BUS IS :

360 ITIIOMPMYS 138]

O LEYEIS À9IAY

/ 0.0946/ -rso.23
/ 0.5015/ -153.10

o -02462 15. 803

FÀUL1
ÀN(ZÀ) ÀPP X/R
ÀN(20) ÀPP X/R
87.00 19 .060

-94.21 13.386
81.41 6.616

À\



362 (BRNTVTD-D r38l 4 r pU/pU 0.0000 0.00 0.0000

TO S¡{UNT (P.U.) 0,0000 0.00

TOTÀL FÀULT CURRENT (P.U.) A.2T69 -56.45

8.8330 -55.?l 0.0215
0 . 00 0 .000 0 .0001 -59 .25 0 .0000

0.0005 119. 89 0 .0000
o -'tI32 L\9 .77
2 .1396 \\9 . t 7

11.5050 -56.61

92.05
0 .00
0 .00

27.946
0 .000
0.000

¡ì

A'



: : *ï: ::: :: ::: l*:::t: t::l I
À1 BUS 358 IKELSEY D 139] ÀREA 4 (pU) V+t / O.OOOO/ O.OO lpû vA.. / o.oooo/ o.oo vo:

v+t / 0.6s54/ 27 .rO V_ :

TlY.*,*,x/R: Posrr-rvE o.0oBBo o-13?o? 15.s82 NEGÀTI!¡E o.o0?9r. o-12201 ls.4i4 zì¡¿o a.oo274

, TI¡REE PHÀSE F.ÀULT ONE PHASE------- FRoÌ,r -------ÀREA cKr t/z /f./ AN(r+) /z+/ r,N lz+) app x/R. /rA/ ÀN(lÀ) /?,A/
/3ro/ ÀN(3ro) /zo/351 ÍRADISSON 1381 4 1 pU,/pU ¡.0149 -6L.7.t 0.33?6 84-95 11.318 1.0148 -s9.65 0.4808
0.4750 -51-49 0.r7LZ3s2 [KELsEy 13sl 41 pulpu ?.3007 -s9.05 o.oooo o.oo o.ooo 9.6\47 _59.s9 o.oooo

10. 1594 _59 .98 0 .0556TOTÀL FÀUI-T CURRENT (p.u.) 8.1146 _59.39 10.5295 _59.50

PSS/E SHORT CIRCUIT OUTPUI THU, ÀUG 03 1995 IO:2?

MÀNITOBÀ HYDRO SYSTEM - MIN.GEN (X'D) . FÀMJ 95 05 08
GRNIIÀY , HUDBAY, LUS INAP , GOULET, STVI TÀ!, ROSS IÀKE , DUNIOP , HBRBELT

ÀT BUS 360 TTHOMPMYS t38l ÀREA 4

=:1. ", *, x/R:. 
_Posrrrl¡E 

0.016?2

------- FROM -------AREÀ CKT l/Z

104 ¡THOMYSLK 23Ol 3 1 pu/ptJ

355 IÌNCO 138) 4l PUIPU

PSS/E SHORT CIRCI,IT OL¡TP(II TEU. ÀUG 03 1995 10:27

MANITOBA }ITDRO SYSTEM - MIN, GEN (X'D) . FÀI'I.]' 95 05 08
GRNWÀY, I{UDBÀI , I,US INÀP , GOUIJE'I, STVIÎAL, ROSSIÀKE , DUNI¿P, ¡{ERBEI,T

*rr FÀUa'I'iED BUS ¡S : 360 I1IIOMPMyS 13gl *i*

HOME

358

BUS IS :

(xxLsEY D 13 81

ii*li lîll
/ o -2222/ -L52.r\
/ a.4332/ -1s3.31

0. 06265 22.834

FAULT
ÀN(ZÀ) ÀPP X/R
AN(ZO) ÀPP X/R

84 . 57 10 .517
-92.0\ 2A -501

0,00 0.000
-92.13 26.A87

o''"???-. 
?:'.n1

THREE
/r+/ ÀN(r+)

2.20A4 -62.06

5. L845 -58.10

(Pu) v+ r / 0,0ooo/ o. oo

NEGÀTM 0.0l6to o.1s211

PHÀSE FÀUL?
/Z*/ .AN(Z+) ÀPP X/R

0. 0944 A5 .-t3 1?,509

0 .0011 a2 -65 1 .150

(PU) vÀ

Þ

¡i

: / o.ooo0/ o.oo va: / o.o'.t4/ _r52.g8
| / 0.6296/ 24.94 v-t / 0.s422/ -rss.40

9.441 ZERO 0.00156 0.02462 15.803

ONÊ PEÀSE FÀULT
/rA/ AN(rÀ) /zA/ ÀN(zÀ) Àpp x/R

/3ro/ ÀN(3lO) /ZO/ ÀN(ZO) ÀPP X/R
2 .2179 -62 -\6 O .0943 86 ,91 18 , 8?9
o.4975 -59 -47 o.4332 _94.27 13 .386
7.7030 -5A.22 o.Oo58 81.r? 6_438

SOME BUS IS :

360 IIHOMPMYS Ì38]

O LEVELS À'IAY

À.q



362 [BRNT-9iD-D 1381 41 pulpu O.OOOO O.OO O.OOOO

TO SHUNT (P.U.) 0.0000 o.oo

TOlÀ¡ FÀUI,T CLIRRENT {p.U.) 7.3A92 _59-28

0 .00 0 .000
8.1648 -58.4? 0.0215 -92.05 21.945
0. 0001 -63 .55 O . OOOO O _ oo o. ooo
0 . 0004 11? .10 0. 0000 o . oo o. ooo
0.6s92 !!1 - 02
L 9777 117 . 02

IO.6347 -59.36

Þ

R
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Appendix C

A. DEFINITIONAND ST'BROUTII\IE OF
CONVENTTON DISTANCE RETI\Y

PARAMETERS:
PMod "Phase Input Units:" "Radians;Degrees" 7 TOGGLE 1

KOm rrMagnitude of Zero-Seq Factor. K0[ 'r " l0 REAL 1 .0 0.0 1.0e3
K0ph 'rPhase of Zero-Seq Factor KOrr " " 10 REAL 0.0 _360.0 360.0

GRAPHICS:
BOX(-40,-72,40,4O)
LrNE(-64,-64,-40,-64) ARROW_R(_40,_64)
FTEXTG56,-68,"Vm")
L[NE(-64,-32,-40,_32) ARROW_R(_40,_32)
FTEXTC56,-36,"Vph')
LrNE(-64,0,-40,0) ARROW_R(_40,0)
FTEXT(-56,-4,"Im")
LrNE(-64,32,-40,32) ARROV/_R(_40,32)
FTEXT(56,28,"Iph'r)
LrNE(40,-64,64,-64) ARROW_L(40,-64)
FTEXT(56,-68,"IOmrr)
L[NE(40,-32,64,_32) ARROW_L(40,-32)
FTEXT(56,-36,"I0phr')
LrNE(40,0,64,0)
FTEXT(56,_4,'R')
LrNE(40,32,64,32)
FTEXT(56,28,"X')
FTEXT (-23,-32. I rZ :r') F IEXT( 1 0,-40,' rU") FTEXT( 1 0,-22, "I+k*I$',)
LINE(-12;32,30,-32)
FTEXT(2,0,rrlnput Phases")
If (PMod,l)
FTEXT(3,20,"in Degreesrr)
Else
FTEXT(3,20,"in Radians'r)
EndIf

NODES:
VM -2 -2 INPUT REAL
VPH -2 -1 INPUT REAL
IM -2 O INPUT REAL
IPH -2 1 INPUT REAL
IOM 2 -2 INPUT REAL
IOPH 2 -1 INPUT REAL
R2OOUTPUTREAL
X2lOUTPUTREAL

FORTRAN: DSD



Appenilix C

C
C RELAY FUNCTION : Z:U/(I+k*IO)
C
#DEFINE REAL IO_PH
#DEFINE REAL IA_PH
#DEFINE REAL VA_PH
#DEFINE REAL T-REAL
#DEFINE REAL I-IMAG
#DEFINE REAL I-SQUAR

IF(ABs($IM).LT. 1E-6).AND.(ABS($IOM*$KOm).LT. 1E-6) THEN
$R:0.0
$x:0.0

ELSE
IO_PH: $IOPH+$KOph
IA_PH: $IPH
VA_PH: $VPH

#IF PMod:1
I0_PH : I0 _PH* 0.0 t7 45329
IA_PH : I A_PH* 0.0 17 45329
VA_PH : VA_PH*O.O 1 745329

#END
I_REAL : $IM*COS(IA_PH)+$K0m*$I0Mxcos(I0_PH)
I_IMAG : $IM*SIN(IA_PH)+$K0m*$IOM*SIN(rO_PH)
I-SQUAR : I-REAL*I_REAL+I-IMAG*I_IMAG

$R : 15v¡4xç6s(VA_PH)xI_REAL+$VM*SIN(VA_PH)*t_rMAcyI_SeUAR
$X : lgY¡Y1*5¡¡¡(VA-PH)XI_REAL-$VM*COS(VA_PH)*I-IMAGYI_SQUAR

ENDIF
c
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B. DEFINITION A¡TD SI'BROUIINE OF ZERO SEOT'ÐNCE
IMPEDANCE REII\Y

PARAMETERS:

GRAPHICS:

NODES

PMod 'rPhase Input Units:r|R adians;Degreesrr 4 TOGGLE 0

BOX(-40,-72,4O,40)
LrNE(-64,0,-40,0) ARROW_R(-40,0)
LLNE(-64,-32,-40,-32) ARROW_R(-40,-32)
LrNE(-64,32,-40,32) ARROW_R(-40,32)
LrNE(-64,-64,-40,-64) ARROW_R(-40,-64)
LLNE(40,-32,64.-32) LrNE(40,0,64,0)

FTEXT(-52,-3 6,r'Vph r') FTEXT (- 52,- 4,, ttmt,) FIEXT(52,28, "Iph ")
FTEXT(s2,-36,l'R') FIEXT(52,-4,,'X")
FTEXTC52,-68,"Vm,)

F [EXT(- I 5,-3 2,t tZ :'') F.TEX'[( 1 0,_40, "U'') FTEXT( I 0,_22, "I ")
LrNE(0,-32,20,-32)

FTEXT(2,0,'rlnput Phases")
If (PMod,1)
FTEXT(3,20,"in Degrees'r)
Else
FTEXT(3,20,"in Radiansrr)
EndIf

vM -2 -2
VPH -2 -I
IM-20
IPH -2 I
R2-1
x20

INPUT REAL
INPUT REAL
INPUT REAL
INPUT REAL
OUTPUT REAL
OUTPUT REAL

FORTRAN: DSD
C
C FUNDAMENTAL IMPEDANCE CALCULATION
C

#DEFINEREAL 7,_MAG
#DEFINE REAL 7,_PHA

rF(ABS(grM).Lr. 1E_6) rHEN
$R = 0.0
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$x:0.0
ELSE
Z-MAG:$VM/$IM
Z-PHA: $VPH-$IPH

#IF PMod:l
Z 

-PH 
A : 7.-PH A* 0.0 17 45329

#END
$R :7.-MAG*6.S(Z-PHA)
$X : 7-MAG*SIN(Z*PHA)

ENDIF
C
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c

c
c

c
c
c

C. INPUT PATTERN NORIT,IAI.IZATIoN ST,BRoUTINE

UPDATE AT : April 17, 1995

character c*90
dimension xx1(700,11)

Training data file

open (7,fi le:'train.yesr)
open (8,tle:'train.no')
open (9,fi le:'load.ex')
open (10,fi le:'train.ex')
open (1 1,fi le:hew_runl 5.caser)
open ( I 7,ûle:rnew_run25.caser)
open (1 2,ûle:rtest.ex')
open (1 3,fi le:rvalidate.caser)
open ( 1 6,fi lærvalidate.ex')

xplus:90.0
xminus:-30.0
yplus:50.0
yminus:-10.0
zplus:138.0
zminus:-34.0
splus:619.0
sminus:-642.0
dplus:42.0
dminus:-97.0

iyes : 24* 4
ino : 44*4
iload,:24

read (7,100) ((xx1(ij),j:1,11), i:1, iyes)
read (8, i00) ((xx 1 (i j), j:1, I 1 ), i:iyes+ 1, iyes+ino)

c

c

c
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100

150
c

rcad (9,150) c
read (9, 150) c
read (9, 1 00) ((xx 1 (i j), j: I, I I ), i:iyes+ino+ 1, iyes+ino+itoad)
format(f5. 1 ,f7.3 ,3f9.3,5f10.4, f7 .2)
format(a90)

do 500 k: I ,iyes+ino+iload, 1

r: 1.0-(xx I (k,6)-xplus)/(xminus-xplus)
x: 1.0-(xx I (k,7)-yplus)/(yminus-yplus)
z: 1.0-(xx 1 (k,8)-zplus)/(zminus-zplus)
w: 1.0-(xx 1 (k,9)-splus)/(sminus-splus)
u: 1.0-(xx I (k, I 0)-dplus)/(dminus-dptus)
write(10,200) r,x,z,w,u,xx1 (k, l I )
format(Sf 1 0.5,',' fl .2,' ;,)
continue

read ( 1 1,100) ((xx I (ij), j:l,1 1), i:1, 254)

do 600 k:1,254,i
r: 1.0-(xx 1 (k,6)-xplus)/(xminus-xplus)
x: 1.0-(xx 1 (k,7)-yplus)/(yminus-yplus)
z:1.0-(xx 1 (k,8)-zplus)/(zminus-zplus)
w: 1.0-(xx I (k,9)-splus)/(sminus-splus)
u: 1.0-(xx I (k, I 0)-dplus)/(dminus-dplus)
write(12,200) r,x,z,w,u,xx1 (k, 1 I )
continue

read (17,100) ((xx1(ij), j:1,11), i:l,254)

do 650 k:1,254,1
r:1.0-(xx 1 (k,6)-xplus)/(xminus-xplus)
x: I .0-(xx 1 (k,7)-yplus)/(yminus-yplus)
z: 1.0-(xx I (k,8)-zplus)/(zminus-zplus)
w: 1.0-(xx 1 (k,9)-splus)/(sminus-splus)
u: 1.0-(xx 1 (k, 1 0)-dplus)/(dminus-dplus)
write(1 2,200) r,x,z,w,u,xx1 (k, I 1)
continue

rcad ( I 3, 100) ((xx I (i j), j:1, I t), i:t, 22)

do700k:|,22,1
r:1.0-(xx 1 (k,6)-xplus)/(xminus-xplus)
x: 1.0-(xx 1 (k,7)-yplus)/(yminus-yplus)

200
s00
c

600
c

650



: 700
:c

z:1.0-(xx I (k,8)-zplus)/(zminus-zplus)
w: 1.0-(xx I (k,9)-splus)/(sminus-splus)
u: 1.0-(xx 1 (k, 1 0)-dplus)/(dminus-dplus)
write(1 6,200) ¡x,z,w,u,xx1(k, 1 1)
continue

close (7)
close (8)
close (9)
close (10)
close ( 11)

close (i2)
close (13)
close (14)
close (15)
close (16)
close (17)

stop
end
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Appendix D

PART A : IRAINING, TESTING AND RT]NNING PATTERNS
FOR LINEAR ARCING EAI]LT RESISÎâNCE MODEL

No. ô xnt R1xs¡RF xl
öE

xso Rr,"rt Xu,rr, Ê' õ
1-30.0 0.1 2.0 18.446 25.904 1.479

' 2 -30.0 0.3 2.0 18.446 25.904 3.101 12.624 -23.883 184.050 2.649 1.0 1.000, 3 -30.0 0.5 2.0 18.446 25.904 4.723 20.951 -23.883 184.009 2.629 1.0 1.000
4 -30.0 0.7 2.0 18.446 25.904 6.271 29.257 -23.883 t84.Og4 2.626 1.0 1.000

, 5 -30.0 0.1 10.0 18.446 25.904 6.797 3.gg8 -23.850 184.094 2.611 1.0 1.000
6 -30.0 0.3 10.0 18.446 25.904 9.596 12.419 -23.852 184.050 2.649 1.0 1.000

, 7 -30.0 0.5 10.0 18.446 25.904 12.943 20.240 -23.853 184.009 2.629 1.0 1.000' 8 -30.0 0.7 10.0 t8.446 25.904 17.595 27.490 -23.849 184.094 2.626 1.0 1.000
, 9 -30.0 0.1 18.0 18.446 25.904 11.820 4.106 -23.848 184.094 2.61r i.0 0.969
, 10 -30.0 0.3 18.0 18.446 25.904 15.652 12.229 -23.851 184.050 2.649 1.0 0.gg7
: 11 -30.0 0.5 18.0 18.446 25.904 20.460 19.593 -23.849 184.009 2.629 1.0 0.999
,12 -30.0 0.7 18.0 18.446 25.904 27.589 25.970 -23.851 184.094 2.626 1.0 0.959
rt¡ -¡o.o 0.1 2.0 18.446 3t.189 1.475 3.889 -23.883 194.369 3.205 1.0 1.000
;14 -30.0 0.3 2.0 18.446 31.189 3.093 12.653 -23.882 tg4.35g 3.195 1.0 1.000
:15 -30.0 0.5 2.0 18.446 31.189 4.702 21.024 -23.880 tg4.2og 3.229 1.0 1.000
16 -30.0 0.7 2.0 18.446 31.189 6.216 29.420 -23.875 t94.372 3.2t5 1.0 1.000
17 -30.0 0.1 10.0 18.446 31.189 6J70 4.024 -23.850 tg4.36g 3.205 1.0 1.000
18 -30.0 0.3 10.0 18.44ó 31.189 9.535 12.481 -23.853 tg4.35g 3.195 1.0 1.000
19 -30.0 0.5 10.0 18.446 31.189 12.813 20.369 -23.853 tg4.2og 3.229 1.0 1.000

,20 -30.0 0.7 10.0 18.446 3t.18g 17.276 27.778 -23.853 194.372 3.215 1.0 1.000
t2r -30.0 0.1 18.0 18.446 31.189 11.788 4.148 -23.847 194.369 3.205 1.0 0.975
i22 -30.0 0.3 18.0 19.446 31.r89 r5.5i1 12.323 -23.851 r94.3sg 3.19s r.0 0.998
:23 -30.0 0.5 18.0 18.446 31.189 20.273 tg:778 -23.848 tg4.20g 3.229 1.0 1.000
,,24 -30.0 0.7 18.0 18.446 31.189 27.132 26.348 -23.849 t94.372 3.215 1.0 0.986
¡25 -30.O 0.1 2.0 26.157 25.904 1.504 3.851 -23.885 198.103 -2.6t7 1.0 1.000
:26 -30.0 0.3 2.0 26.157 25.904 3.156 t2.570 -23.883 198.066 -2.602 1.0 1.000
'27 -30.0 0.5 2.0 26.t57 25.904 4.818 20.852 -23.883 198.066 _2.609 1.0 1.000
28 -30.0 0.7 2.0 26.157 25.904 6.415 29.093 -23.878 198.150 -2.611 1.0 1.000
29 -30.O 0.1 10.0 26.157 25.904 6.978 3.958 -23.85t 198.103 -2.617 1.0 1.000
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30 -30.0 0.3 10.0

, 31 -30.0 0.5 10.0

32 -30.0 0.7 10.0

33 -30.0 0.1 18.0

, 34 -30.0 0.3 18.0
: 35 -30.0 0.5 18.0

' 36 -30.0 0.7 18.0

37 -30.0 0.1 2.0

38 -30.0 0.3 2.0
, 39 -30.0 0.5 2.0
40 -30.0 0.7 2.0

,, 41 -30.0 0.1 10.0
. 42 -30.0 0.3 10.0
: 4z -30.0 0.5 to.o
: 44 -30.0 0.7 10.0

' 45 -30.0 0.1 t8.o
46 -30.0 0.3 18.0

47 -30.0 0.5 18.0

, 48 -30.0 0.7 18.0

. 49 -10.0 0.1 2.0
, 50 -10.0 0.3 2.0

:51 -10.0 0.5 2.0

, 52 -10.0 0.7 2.0
,5¡ -t0.0 0.1 10.0

i54 -10.0 0.3 10.0

lss -ro.o 0.5 lo.o
56 -10.0 0.7 10.0

57 -i0.0 0.1 18.0

58 - 10.0 0.3 18.0

59 -10.0 0.5 18.0

,60 -10.0 0.7 18.0

;0t -tO.O 0.1 2.0
J

':62 -10,O 0.3 2.0

,63 -10.0 0.5 2.0

,64 -10.0 0.7 2.0

65 -10.0 0.1 10.0
,66 -10.0 0.3 10.0

67 -10.0 0.5 10.0

68 -10.0 0.7 10.0

ó9 -10.0 0.1 18.0

26.157 25.904
26.157 25.904
26.151 25.904
26.157 25.904
26.157 25.904
26.157 25.904
26.157 25.904
26.157 31.189

26.157 31.189

26.157 31.189

26.157 31.189
26.157 31.189
26.151 31.189

26.t57 31.189

26.157 31.189
26.t57 31.189

26.157 31.189

26.t57 31.189
26.157 3 i. 189

18.M6 25.904
18.446 25.904
18.446 25.904
18.446 25.904
18.446 2s.904
18.446 25.904
18.446 25.904
18.446 25.904
18.446 25.904
18.446 25.904
18.446 25.904
18.446 25.904
t8.446 31.189

18.446 31.189

18.446 31.189

18.446 31.189

t8.446 31.189

18.446 3r.189
18.446 31.189

t8.446 31.189

18.446 31.189

9.864 12.356

13.340 20.128
18.223 27.285
1.2.160 4.049
16.137 12.147

21.162 19.454

28.685 25.694
1.499 3.862
3.143 12.60t
4.790 20.929
6.346 29.265
6.942 3.984
9.788 12.416

13.186 20.260
17.861 27.568
12.tt0 4.090

i6.030 12.237

20.934 19.634

28.160 26.066
1.545 3.928
3.297 12.755

5.164 21.202
7.059 29.673

7.040 4340
10.1 16 t3.102
13.961 2r.413
19.513 29.470

12.437 4.725

16.785 13.418

22509 2t.575
31.459 29.209
1.538 3.935
3.277 12.176

5.116 21.259

6.946 29.808

7.000 4.347

10.026 13.127

13.766 2t.472
19.049 29.6t8
t2.370 4.734

-23.854 198.066

-23.853 198.066

-23.854 198.150

-23.852 198.103

-23.847 198.066

-23.850 198.066

-23.849 198.150

-23.88s 208.259
-23.886 208.259

-23.883 208.244
-23.883 208.256
-23.853 208.259
-23.850 208.259
-23.854 208.244
-23.854 208.256
-23.849 208.259
-23.851 208.259
-23.848 208.244
-23.852 208.256
-23.881 545.794
-23.878 545.825
-23.878 545.803
-23.873 545.922
-23.850 545.794
-23.852 545.825
-23.856 545.803
-?? R5? <¿,< o),,
-23.850 545.794
-23.847 545.825
-23.850 545.803
-23.853 545.922
-23.881 574.122
-23.878 574.1s3
-23.877 573.9t2
-23.876 574.569
-23.851 574.122

-23.852 s14.153
-23.853 573.912
-23.847 574.569
-23.850 574.t22

-2.602 1.0 1.000

-2.609 1.0 r.000
-2.611 1.0 1.000

-2.617 1.0 0.921
-2.602 1.0 0.971

-2.609 1.0 0992
-2.611 1.0 0.869
-2.073 1.0 1.000

-2.016 1.0 1.000

-2.017 1.0 1.000

-2.044 1.0 1.000

-2.073 1.0 1.000

-2.016 1.0 1.000

-2.017 1.0 1.000

-2.044 1.0 1.000

-2.073 1.0 0.941
-2.0t6 1.0 0.987
-2.017 1.0 0.998
-2.044 1.0 0.970
-76.507 1.0 1.000

-76.502 1.0 1.000

-76.454 1.0 1.000

-76.452 1.0 1.000

-76.507 1 .0 1.000

-76.502 1.0 1.000

-76.484 L0 1.000

-76.452 1.0 1.000

-76.s07 1.0 0.995
-76.502 t.0 0.987
-76.484 1.0 0.994
-76.452 t.0 0998
-85.346 1.0 1.000

-85.351 1.0 l 000
-85.288 l 0 1.000

-85.359 1.0 1.000

-85.346 1.0 i.000
-85.351 r.0 1.000

-85.288 1.0 1.000

-85.359 1.0 1.000

-85.346 1.0 0.997



Appendix 159

' 70 -10.0 0.3

: 71 -10.0 0.5

72 -10.0 0.7

73 -10.0 0.1

: 74 -tO.O 0.3

' 75 -10.0 0.5
t76 -ro.o 0.7

77 -tO.O 0.1

78 -10.0 0.3

79 -tO.O 0.5

80 -10.0 03
j 81 -10.0 0.1

: 82 -lo.o 0.3

, 83 -10.0 0.5

' 84 -10.0 OJ
85 -10.0 0.1

r 86 -10.0 0.3

.87 -10.0 0.5

.88 -10.0 0.7
,89 -i0.0 0.1

:90 -10.0 0.3

,91 -10.0 0.5

:92 -10.O 0.7

ìs¡ -ro.o o.l
i94 -lo.o 0.3
l9s -lo.o 0.5

96 -10.0 0.1

97 10.0 0.1
,98 r0.0 0.3

:99 10.0 0.5

J01 10.0 0.1

:102 10.0 0.3

103 10.0 0.5

io+ lo.o o:7

105 10.0 0.1

r06 10.0 0.3

r07 10.0 0.5

t08 10.0 0.7
109 10.0 0.1

18.0 18.446

18.0 18.446

18.0 18.446

2.0 26.157

2.0 26.157

2.0 26.157

2.0 26.157

10.0 26.t57
10.0 26.157

10.0 26.157

10.0 26.t57
18.0 26.157

18.0 26.157

18.0 26.157

18.0 26.157

2.0 26.15'7

2.0 26.t57
2.0 26.157

2.0 26.15'7

r0.0 26.t57
10.0 26.157

10.0 26.157

10.0 26.157

18.0 26.157

18.0 26.157

18.0 26.157

18.0 26.157

2.0 18.446

2.0 t8.446
2.0 18.446
2.0 t8.446
10.0 18.446

10.0 18.446

10.0 18.446

10.0 18.446

18.0 18.446

18.0 18.446

r8.0 18.446

r8.0 18.446

2.0 18.446

31.189

31.189

31.189

25.904

25.904

25.904
25.904

25.904
25.904

25.904
25.904
25.904
25.904

25.904
25.904

3l.r89
31.189

3 1. 189

3l . 189

31.189

31.189

3 l. 189

31.189

31.189

3 l. 189

31.189

3 1. 189

25.904
25.904

25.904
25.904

25.904
25.904

25.904
25.904

25.904

25.904

25.904
25.904

31.189

16.639 13.446

22.t91 21.645

t9.049 29.618
1.573 3.907

3.353 12314
5.259 21.128
7.204 29.548
7.210 4.339
10.363 13.089

14.327 2t.373
20.108 29.377

12.750 4.743

17.229 13.435
23.148 21.573

32.502 29.149
1.565 3.915

3.331 12.737

5.206 21.185
7.086 29.682
7.163 4.345
t0.263 13.111

14.1t6 21.430
19.614 29.531

12.670 4.749

17.062 13.457

22.804 2L634
3 r.685 293n
1.595 3.991

3.450 12.930

5.524 21.557

7.719 30.283

7.188 4.745

i0.453 13.936

14.688 22.903
21.011 32.136
12.895 5.537

17 .641 15.007

24.170 24.358
34.958 34.181

1.586 3.995

-23.849 s74.153
-23.852 573.912
-23.847 574.569
-23.88t 588.541

-23.878 588.641

-23.876 588.s34
-23.874 s88.450
-23.852 588.s4i
-23.852 588.641

-23.856 588.534
-23.848 588.450
-23.852 588.541

-23.851 588.641

-23.850 588.s34
-23.854 588.450

-23.882 616966
-23.88 i 617.219
-23.876 616.969

-23.871 617.478
-23.852 616966
-23.852 617.219
-23.852 616.969
-23.853 617.478
-23.852 616.966
-23.848 617.219
-23.852 616.969
-23.847 617.478
-23.877 -564.837

-23.872 -564.153
-23.870 -564.463
-23.866 -564.403
-23.850 -564.837

-23.852 -s64.153
-23.853 -564.463
-23.856 -564.403
-23.852 -564.837
-23.851 -564.153
-23.852 -564.463

-23.847 -564.403
-23.877 -595.859

-85.351 1.0 0.991
-85.288 1.0 0.995
-85.359 1.0 1.000

-86.282 1.0 1.000
-86.296 1.0 1.000

-86.084 1.0 1.000

-86.598 1.0 1.000

-86.282 t.0 1.000
-86.296 1.0 1.000

-86.084 1.0 1.000
-86.598 1.0 1.000

-86.282 1.0 0.990
-86.296 1.0 0.952
-86.084 1.0 0.972
-86.598 1.0 0.9ór
-95.674 1.0 1.000

-95.706 1.0 1.000
-95.614 1.0 i.000
-95.867 1.0 1.000

-95.674 1.0 1.000
-95.706 l .0 1.000

-95.6t4 1.0 1.000

-95.867 1.0 0.993
-95.674 1.0 0.993
-95.706 1.0 0.967
-95.6t4 1.0 0.974
-95.867 1.0 0.930
26.397 t.0 1.000

26.606 1.0 1.000

26.686 1.0 1.000

26.756 L0 1.000

26397 1.0 1.000

26.606 t.0 1.000

26.686 t.0 1.000

26.756 1.0 1.000

26.397 1.0 0.990
26.606 1.0 0.982
26.686 1.0 0.976
26.756 1.0 0.976
24.216 1.0 i.000



Appenilìx 160

110 10.0
'111 10.0
,112 10.0

.113 10.0

.tt¿ tO.O

. I 15 10.0

116 10.0

117 10.0

118 10.0

il9 10.0

120 10.0

,121 10.0
:122 1o.o

'123 lo.o
,124 1O.0

rzs r o.o
-.126 10.0

.127 10.0

.128 10.0

,129 10.0
:t¡o lo.o
:131 10.0

;132 10.0
jr33 10.0
j134 10.0

ìr¡s ro.o
136 10.0

137 10.0

:138 10.0

139 10.0

il40 10.0

jl41 i0.0
',r42 1O.O

143 10.0

r44 10.0

i¿s ¡o.o
146 30.0

t47 30.0

148 30.0

149 30.0

0.3 2.0

0.5 2.O

o.7 2.0

0.1 10.0

0.3 10.0

0.5 10.0

0.7 10.0

0. 1 18.0

0.3 18.0

0.5 18.0

0.7 18.0

0.1 2.0

0.3 2.0

0.5 2.0

0.7 2.0

0.1 10.0

0.3 10.0

0.5 r0.0
0.7 10.0

0. 1 18.0

0.3 18.0

0.5 18.0

0.7 18.0

0.1 2.0

0.3 2.0

0.5 2.0

0.7 2.0

0.1 10.0

0.3 10.0

0.5 10.0

0.7 r0.0

0. 1 18.0

0.3 18.0

0.5 18.0

0.7 18.0

0.1 2.0

0.3 2.O

0.5 2.0

o.7 2.0

0.1 10.0

18.446 31.189

18.M6 31.189
18.446 31.189
18.446 3t.189
18.446 31.189
18.446 31.189

18.446 31.189
1 8.446 3 1. 189

18.446 31.189

18.446 3t.189
18.446 31.189
26.157 25.904
26.157 25.904
26.157 25.904
26.157 25.904
26.157 25.904
26.t57 25.904
26.157 25.904
26.157 25.904
26.157 25.904
26.157 25.904
26.157 25.904
26.157 2s.904
26.157 31.189
26.157 31.i89
26.157 31.189

26.157 31.189
26.157 31.189

26.157 31.189
26.157 31.189
26.157 31.189

26.157 31.189

26.t57 31.189
26.157 31.189

26.157 31.189

18.M6 25.904
18.446 25.904
18.446 25.904
18.446 25.904
18.446 25.904

3.422 12.940

5.454 21.592
7.559 30.372
7.139 4.730
10.339 13.911

14.437 22.868
20.401 32.088

t2.799 5.502
t7.432 14.941

23.713 24.243

33.827 33.968
1.626 3.976
3.510 12.897

5.623 21.492
7.876 30j75
7.349 4.773

10.688 13.955

15.038 22.900
21.586 32J03
13.182 5.607
18.049 15.077

24.764 24.416
35.947 34.22s
1.616 3.980

3.480 12.910

5.549 2t.s29
7.710 30.272

7.293 4.758
10.566 13.929

14.775 22.810
20.95s 32.069
13.075 5.570
17.824 15.008

24.286 24.305
34.781 34.030
1.627 4.067

3.554 13.145

5.788 22.007

8.215 31.076

7.221 5.199

-23.874 -595.594
-23.871 -595.491
-23.865 -595.638
-23.849 -595.859

-23.852 -595.594
-23.851 -595.491
-23.855 -595.638

-23.85r -595.859

-23.852 -595.594
-23.852 -595.491
-23.844 -s95.638

-23.877 -609.963
-23.872 -609.600

-23.869 -609.769

-23.869 -610.000
-23.851 -609.963
-23.853 -609.600

-23.849 -609369
-23.852 -610.000
-23.850 -609.963
-23.852 -609.600
-23.853 -609.769

-23.845 -610.000

-23.876 -640.997

-23.873 -641.053
-23.870 -640.734

-23.872 -640.650

-23.851 -640.997
-23.852 -641.O53

-23.852 -640.734

-23.854 -640.650

-23.849 -640.997

-23.853 -641.053

-23.853 -640.734

-23.847 -640.650

-23.872 -181.209

-23.868 -181.125
-23.86s -181.038

-23.859 - 181.103

-23.852 -181.209

24.403 1.0 1.000

24.278 1.0 1.000

24.240 t.0 1.000

24.216 r.0 1.000

24.403 1.0 1.000

24.278 1.0 1.000

24.240 1.0 1.000

24.216 1.0 0.991
24.403 1.0 0987
24.278 1.0 0.989
24.240 r.0 0.994
22.969 1.0 1.000

22.683 r.0 1.000

22.956 1.0 1.000

22.804 1.0 1.000

22.969 t.0 1.000

22.683 r.0 1.000

22.956 1.0 1.000

22.804 1.0 1.000

22.969 1.0 0s73
22.683 1.0 0.957
22.956 1.O 0.963
22.804 1.0 0.915
19.435 1.0 1.000

19.574 t.0 1.000

19.683 1.0 1.000

19.792 1.0 1.000

19.435 1.0 1.000

19.574 1.0 1.000

19.683 1.0 1.000

19.792 1.0 1.000

19.435 1.0 0.975
19.574 1.0 0.976
19.683 I .0 0.984
19.792 1.0 0.981

37 .412 t.0 1 000

37.392 1.O 1.000

37.342 1.0 1.000

37.381 1.0 1.000

37.412 1.0 1.000



Appenilix 161

, 150 30.0 0.3 10.0

151 30.0 0.s 10.0
' 152 3o.O 0.7 10.0

.153 30.0 0.i 18.0
, 154 30.0 0.3 18.0

155 30.0 0.s 18.0

156 30.0 0.7 18.0

157 30.0 0.1 2.0

158 30.0 0.3 2.0

159 30.0 0.5 2.0

1ó0 30.0 0.7 2.0

'161 30.0 0.1 10.0

:t62 30.0 0.3 10.0

ro¡ :o.o 0.5 10.0

:164 30.0 0.7 10.0

165 30.0 0.1 18.0

,166 30.0 0.3 18.0
,167 30.0 0.5 18.0
.168 30.0 0.7 i8.0
169 30.0 0.1 2.O

,tZO ¡O.O 0.3 2.0
il71 30.0 0.5 2.O

:172 30.0 0.7 2.0
.173 30.0 0.1 10.0

t174 30.0 0.3 10.0
:175 3o.o 0.5 1o.o

t76 30.0 0.7 10.0

177 30.0 0.1 18.0

r78 30.0 0.3 18.0

1'19 30.0 0.5 18.0

180 30.0 0.7 18.0

isl ¡o.o o.r z.o
:182 30.0 0.3 2.0
.183 30.0 0.5 2.O

1S4 30.0 0.7 2.0

185 30.0 0.1 10.0

186 30.0 0.3 10.0

r87 30.0 0.s 10.0

r88 30.0 0.7 10.0

t89 30.0 0.1 18.0

18.446 25.904
18.446 25.904
t8.446 2s.904
18.446 25.904
18.446 25.904
18.446 25.904
18.446 25.904
18.446 31.189

18.446 31.189
t8.446 31.189

18.446 31.189

18.446 31.189
18.446 31.189

18.446 31.189
18.446 31.i89
18.446 3 1.189

18.446 31.189

18.446 31.189

t8.446 3t.189
26.157 25.904
26.1s7 25.904
26.157 25.904
26.157 25.904
26.157 25.904
26.t57 25.904
26.t57 25.904
26.157 25.904
26.157 25.904
26.157 25.904
26.157 25.904
26.157 25.904
26.t57 31.189

26.157 31.189

26.157 31.189

26.157 31.189

26.157 3t.189
26.1s7 31.189

26.157 3t.189
26.157 31.189
26.157 31.189

10.553 14.894

t4.996 24.702

21.765 35.535
13.120 6.537
18.035 17.001

25.044 28.056

37.131 41.510

1.616 4.066
3.518 13.142

5.696 22.014
8.010 31.110
'7 .166 5.158
10.426 14.809

14.704 24.540
21.040 35.196
13.000 6.440
17.782 16.798
24.475 27.652

35.669 40.581

1.663 4.057

3.622 13.n7
5.902 2t.948
8.397 30.974
7.380 5.253
10.798 14.938

15.373 24.722
22.404 35.540
13.398 6.644

18.452 17.098

25.681 28.122
38.244 41.554

1.650 4.057

3.583 13.1l9
5.807 21.959
8.185 31.018

7.3t8 5.213
10.660 14.858

15.064 24.574

2r.645 35.233

13.268 6.s49

-23.851 - 181.125

-23.853 -181.038

-23.849 - 181.103

-23.851 -t8t.209
-23.850 - 181.125

-23.852 - 181.038

-23.846 -181.103

-23.872 -191.269
-23.868 -191.175

-23.865 -191.087
-23.861 - 191.150

-23.850 -191.269
-23.850 -19t.175
-23.850 -191.087

-23.848 -191.150
-23.851 -19L269
-23.849 -191.175
-23.848 -191.087

-23.853 - 191.150

-23.872 -195.950
-23.869 -195.853
-23.863 - 195.803

-23.860 -195.847
-23.851 - 195.950

-23.853 -195.853
-23.853 - 195.803

-23.850 -t95.847
-23.852 -195.950

-23.850 - 195.853

-23.851 - 195.803

-23.851 -195.847

-23.873 -206.022

-23.86'7 -205.894
-23.863 -205.172

-23.859 -205.828
-23.849 -206.022

-23.851 -205.894
-23.853 -205.772

-23.854 -205.828
-23.850 -206.022

37.392 1.0 1.000

37.342 1.0 1.000

37.381 1.0 1.000

37.412 1.0 0.973
37.392 1.0 0.999
37342 t.0 0.926
37.381 1 .0 0.948
40.226 1.0 1.000

40.208 1.0 1.000

40.179 1.0 1.000

40.t79 1.0 1.000

40.226 t.0 1.000

40.208 1.0 1.000

40.179 1.0 1.000

40.179 1.0 I .000

40.226 1.0 0.984
40.208 1.0 0.999
40.179 1.0 0.947

40.179 1.0 0.988

34.294 r.0 1.000

34.220 1.0 1.000

34.22s 1.0 1.000

34.t99 1.0 1.000

34.294 1.0 1.000

34.220 r.0 1.000

34.225 t.0 1.000

34.199 1.0 1.000

34.294 t.0 0938
34.220 t.0 0.998
34.225 t.0 0.906

34.199 t.0 0.877

36.999 1.0 1.000

36.930 1.0 1.000

37.007 1.0 1.000

36.965 1.0 1.000

36.999 1.0 1.000

36.930 1.0 I .000

37.007 1.0 1.000

36.965 1.0 1.000

36.999 t.0 0.964



Appendix 162

190 30.0 0.3

191 30.0 0.5

192 30.0 03
' 193 -30.0 0.9

: 194 -30.0 1.0

, 195 -30.0 0.9

196 -30.0 1.0
'197 -30.0 0.9

198 -30.0 1 .0

199 -30.0 0.r
200 -30.0 0.3

,201 -30.0 0.5

;202 -30.0 0.7

,203 -30.0 0.9

,204 -30.0 0.1

.205 -30.0 0.5
J206 -30.0 0.9
,207 -30.0 -0.1

208 -30.0 -0.1

.209 -30.0 -0.1

,210 -30.0 0.9
211-30.0 1.0

2t2 -30.0 0.9
213 -30.0 1.0

?14 -30.0 0.9
2ts -zo.o 1.0

216 -30.0 0.1

217 -30.0 0.3

218 -30.0 0.5

219 -30.0 0.7

220 -30.0 0.9

221 -3O.0 0.1

'zzz-zo.o 0.5

223 -30.0 0.9
:zz4 -30.0 -o.t

¿25 -30.0 -0.1
:

226 -30.0 -0.1

)-27 -30.0 0.9

¡28 -30.0 1.0

129 -30.0 0.9

18.0 26.157

18.0 26.t57
18.0 26.157

2.0 18.446

2.O 18.446

10.0 18.446

10.0 18.446

18.0 18.446

18.0 18.446

22.0 18.446

22.0 18.446

22.0 18.446

22.0 18.446

22.O t8.446
30.0 18.446

30.0 18.446

30.0 t8.446
2.0 18.446

10.0 18.446

18.0 18.446

2.0 18.446

2.O 18.446

10.0 18.446

10.0 18.446

18.0 18.446

18.0 18.446

22.0 18.446

22.O 18.446

22.0 18.446

22.0 18.446

22.0 18.446

30.0 18.446

30.0 18.446

30.0 18.446

2.0 18.446

10.0 18.446

18.0 18.446

2.0 26.157

2.0 26.157

10.0 26.157

3 i. 189

31. 189

31.189

25.904

25.904
25.904

25.904
25.904

25.904
25.904

25.904
25.904
25.904
25.904

25.904
25.904

25.904
25.904
25.904

25.904
31. 189

31 . 189

31.189

31 . 189

31.189

3 1. 189

31 . 189

31.189

31 . 189

31.189

31.1 89

3 l. 189

31.189

31.189

3l .189

31.189

31. i 89

25.904
25.904

25.904

18.179 16.907

25.083 27.742

36.718 40.676

9.513 38.419

12.895 43.634

28.503 33.013

39.804 34.461

43.822 28970
59.496 28.459
14.228 4.155
18.527 12.138

23.975 19.288

32.t56 25.279

50.408 27.298
18.840 4.244

30.575 18.709

6r.894 24.502
- 10.087 -7 .150
-59.002 -26945

- 133.519 -7 5.091

9.234 38.822
12.134 44.265

27.343 33.847

37.163 36.042

42.271 30.037

56.230 30.401

14.196 4.205
18.444 12.244

23.781 19.498

31.658 25.695
48.785 28.440
18.830 4.310
30.388 18.967

60.288 25.729
-10.418 -7.158
-60.875 -26.920
-137.591 -74.042

9.803 38.157

t3.435 43.273

29.864 32.420

-23.850 -205.894
-23.841 -205.772

-23.847 -205.828

-23.869 184j47
-23.863 184.48 i
-23.845 184.147

-23.848 184.481

-23.856 184.147

-23.856 184.481

-23.853 184.094

-23.850 184.050

-23.847 184.009
-23.857 184.094

-23.857 184.147

-23.850 184.094
-23.846 184.009

-23.868 184.147

137.959 184.469

r37.934 184.469

137.959 184.469
-23.88i 194.400
-23.866 194.684

-23.856 194.400
-23.847 194.684

-23.846 194.400
-23.844 194.684
-23.849 194.369

-23.847 194.359
-23.852 194.209

-23.845 194.3'72

-23.846 194.400
-23.852 194.369

-23.853 194.209
-23.871 194.400

t37.947 194.675

137.922 194.675

137.928 194.675

-23.865 198.203

-23.863 198.500

-23.846 198.203

36.930 1.0 0.998
37.007 t.0 0.935
36.965 1.0 0.974
2.622 0.0 0.001
2.629 0.0 0.000
2.622 0.0 0.056
2.629 0.0 0.000
2.622 0.0 0.000
2.629 0.0 0.000
2.611 0.0 0.059
2.649 0.0 0.006
2.629 0.O 0.021
2.626 0.0 0.00t
2.622 0.0 0.000
2.611 0.0 0.000
2.629 0.0 0.000
2.622 0.0 0.000
2.634 0.0 0.000
2.634 0.0 0.000
2.634 0.0 0.000
3.253 0.0 0.000
3.275 0.0 0.000

3.253 0.0 0.058
3.275 0.0 0.000

3.253 0.0 0.000
3.275 0.0 0.000
3.205 0.0 0.079

3.195 0.0 0.012

3.229 0.0 0.069

3.215 0.0 0.003
3.253 0.0 0.000

3.205 0.0 0.000

3.229 0.0 0.000
3.253 0.0 0.000

3.227 0.0 0.000

3.227 0.0 0.000
3.227 0.0 0.022
-2.s98 0.0 0.000
-2.543 0.0 0.000
-2.598 0.0 0.062



Appendix D

230 -30.0

231 -30.0

232 -30.0

.233 -30.0
,234 -30.0

235 -30.0

236 -30.0

237 -30.0

238 -30.0

239 -30.0

240 -30.0

'241 -30.0

:242 -30.O
,243 -30.0

:244 -30.0
:245 -30.0

:246 -3O.O

,247 -30.0
:248 -30.0

.249 -30.0

:ZSO -¡O.O

:251 -30.0

:ZSZ -ZO.O

.253 -3O.0

'1254 -30.0

255 -30.O

256 -30.0
'257 -30.0

258 -30.0

259 -30.0

260 -30.0

bor -ro.o
I
262 -tO.O
:

263 -10.0

264 -10.0

265 - 10.0

266 - i0.0
)-67 -10.0

268 - 10.0

¿69 -10.0

1.0 10.0

0.9 18.0

1.0 18.0

0.1 22.0

o.3 22.O

0.5 22.0

0.7 22.0

0.9 22.0

0.1 30.0

0.5 30.0

0.9 30.0
-0.1 2.0

-0.1 10.0

-0.1 18.0

0.9 2.0

1.0 2.0

0.9 i0.0
1.0 10.0

0.9 18.0

1.0 18.0

o.l 22.0

0.3 22.0

o.5 22.0

0.7 22.0

0.9 22.0

0.1 30.0

0.5 30.0

0.9 30.0

-0.1 2.0

-0.1 10.0

-0.r 18.0

0.9 2.0

1.0 2.0

0.9 10.0

1.0 10.0

0.9 18.0

1.0 18.0

0.1 22.0

0.3 22.0

0.5 22.0

26.157 25.904
26.157 25.904
26.157 25.904
26.157 25.904
26.157 2s.904
26.157 25.904
26.157 25.904
26.157 25.904
26.157 2s.904
26.157 25.904
26.151 25.904
26.157 25.904
26.157 25.904
26.t57 25.904
26.157 31.189

26.157 31.189
26.157 31.189
26.157 31.189
26.157 31.189

26.157 31.189
26.157 3 1. 189

26.151 3 1. 189

26.157 31.189
26.157 31.189
26.t57 31.189

26.157 31.189

26.t51 31.189

26.157 31.189
26.157 31.189

26.157 31.189
26.157 31.t89
18.446 25.904
18.446 25.904
18.446 25.904
18.446 25.904
18.446 25.904
t8.446 25.904
18.446 25.904
t8.446 25.904
18.446 25.904

42.188 33.30'7

46.104 28.061

63.281 26.727

14.648 4.087

19.122 12.039

24.833 19.t33
33.478 24.962

53.114 26.255
19.430 4.151

31.728 18.506

65.347 23.193
-8.426 -6.672

-46.430 -20.881

-98.374 -48.717

9.495 38.572

12.604 43.942

28.578 33.281

39.260 34.996
44.378 29.167

59.616 28.807

14.596 4.136
19.007 12.146

24.584 19.335

32.904 25.378
51.275 27.433

I 9.381 4.217

31.477 I 8.756

63.483 24.471

-8.705 -6.707
-47 .964 -2t.119

- 101.488 -49.036

10.691 39.445

14.308 45.539

33.189 37.083

48.545 40.998

53.951 34.762

78.723 36.663
15.096 4.90s
20.062 13.563

26.684 2t.63s

-23.855 198.500

-23.846 198.203

-23.844 198.500

-23.851 198.103

-23.849 198.066

-23.854 198.06ó

-23.855 198.150

-23.855 198.203

-23.853 198.103

-23.847 198.066

-23.844 198.203

137.978 198.541

137 .916 198.541

137 .944 198.541

-23.875 208.400
-23.859 208.7t3
-23.853 208.400
-23.842 208.713

-23.863 208.400
-23.840 208.713
-23.849 208.259

-23.851 208.259
-23.850 208.244

-23.852 208.256
-23.850 208.400
-23.851 208.259

-23.855 208.244
-23.860 208.400

137.984 208.728

137.903 208.728

137.947 208.728

-23.868 546.028
-23.860 547.228
-23.843 546.028

-23.848 547.228
-23.860 546.028

-23.846 547.228
-23.85 I 545,94
-23.848 545.825
-23.847 545.803

-2.543 0.0 0.000
-2.598 0.0 0.000
-2.543 0.0 0.000
-2.617 0.0 0.017
-2.602 0.0 0.001

-2.609 0.0 0.001

-2.6n 0.0 0.000
-2.598 0.0 0.000
-2.617 0.0 0.000
-2.609 0.0 0.000
-2.598 0.0 0.000
-2.609 0.0 0.000
-2.609 0.0 0.000
-2.609 0.0 0.000
-2.063 0.0 0.000
-2.003 0.0 0.000
-2.063 0.0 0.069
-2.003 0.0 0.000
-2.063 0.0 0.000
-2.003 0.0 0.000
-2.073 0.0 0.025
-2.016 0.0 0.001

-2.017 0.0 0.004
-2.044 0.0 0.000
-2.063 0.0 0.000
-2.073 0.0 0.000
-2.017 0.0 0.000
-2.063 0.0 0.000
-2.067 0.0 0.000
-2.067 0.0 0.000
-2.067 0.0 0.000

-76.202 0.0 0.000
-76.739 0.0 0.000
-76.202 0.0 0.046
-76.739 0.0 0.000
-76.202 0.0 0.000
-76.739 0.0 0.000
-76.507 0.0 0.030
-76.502 0.0 0.002
-76.484 0.0 0.036



Appendix D

270 -t0.0
211-10.0

272 -10.0

273 -10.0

.27 4 -10.0
,275 -10.0
,276 -t0.0
277 -t0.0
278 -10.0

279 -tO.O

280 -10.0
,281-10.0

,282 -t0.0

.283 -10.0

, zs¿ -to.o
,zs5 -t0.0
,286 -10.0

.287 -10.0

288 -10.0

289 -10.0

.290 -10.0

..29t -to.o
':292 -10.0

:293 -10.0

1294 -1o.o
::295 -10.0

,296 -t0.0
297 -10.0

1298 -10.0

'2gg -10.0

300 -10.0

301 -10.0

boz -ro.o
303 -10.0
:

304 -10.0

305 -10.0

306 -10.0
,r07 -10.0

108 -10.0

109 -10.0

0.7 22.0

0.9 22.0

0. r 30.0

0.5 30.0

0.9 30.0

-0.1 2.o
-0.1 10.0

-0. I 18.0

0.9 2.0

1.0 2.0

0.9 10.0

1.0 10.0

0.9 18.0

1.0 18.0

0.1 22.0

0.3 22.0

0.5 22.0

0.7 22.0

0.9 22.0

0.1 30.0

0.5 30.0

0.9 30.0
-0.1 2.0

-0.1 10.0

-0.1 18.0

0.9 2.0

1.0 2.0

0.9 10.0

L0 10.0

0.9 18.0

L0 18.0

0.1 22.0

0.3 22.0

0.5 22.0

0.7 22.0

0.9 22.0

0.1 30.0

0.5 30.0

0.9 30.0
-0.i 2.0

t8.446 25.904
t8.446 25.904
18.446 25.904
18.446 25.904
18.446 25.904
18.446 25.904
18.446 25.904
18.M6 25.904
1.8.446 31.189
18.446 3 1.189

18.446 31.189
18.446 31.189
18.446 31.189
18.446 31.189

18.446 3 1. 189

18.446 31.189
18.446 31.189
18.446 3 1. 189

18.446 31.189

18.446 3t.189
18.446 31.189
18.446 31.189
18.446 31.189
18.446 31.189
18.446 31.189
26.151 25.904
26.157 25.904
26.157 25.904
26.15'Ì 25.904
26.151 25.904
26.157 25.904
26.157 25.904
26.157 25.904
26.151 25.904
26.t57 25.904
26.157 25.904
26.157 25.904
26.157 2s.904
26.157 25.904
26.157 25.904

37.236 29.038
63.712 33.605
20.340 5.246
34.852 21.7 t9
82.136 31.297
-9.978 -4.740

-51 .618 -7 .853
-99.667 -12.899
10.290 39.740
13.329 45.916

31.466 37.602
44.395 41.982

51.177 35.472

72.290 38.n7
15.019 4.916
19.892 13.591

26.312 21.708
36.350 29.230
60.518 34.414
20.243 5.260
34.384 21.802
78.243 32.290
-10.271 -4.707
-53.129 -7.793
-102.428 -12.823

1 1 .0 17 39.258
14.943 45.340

34.654 36.802
51.441 40.460

56.499 34.370
83.662 35.837
i5.483 4.933
20.604 13.589

27.466 21.647

38.506 28.999
66.797 33.164
20.875 5.293

35.915 21.763

86.257 30.768
-8.448 ' -4.768

-23.846 545.922

-23.8s6 546.028
-23.852 545.794
-23.852 545.803

-23.852 546.028

137.953 547.809

137.913 547.809

137.900 547 .809
-23.867 574.9'78

-23.866 575.350
-23.849 574.978
-23.838 575.350
-23.838 574.978
-23.846 575.350
-23.849 574.122
-23.851 574.153
-23.847 573912
-23.854 574.569
-23.847 574.978
-23.850 574.122
-23.848 573.912
-23.855 s74.978
137.956 575.828
137.938 57s.828
137.938 575.828
-23.872 588.772

-23.865 590.028
-23.854 588.772

-23.840 590.028

-23.845 588.772

-23.849 590.028

-23.85r 588.541

-23.853 s88.641
-23.850 588.534
-23.847 588.450
-23.846 588.772

-23.849 588.541

-23.853 588.534

-23.846 588.772

137.944 590.537

-76.452 0.O 0.011
-76.202 0.0 0.000
-76.507 0.0 0.000
-76.484 0.0 0.000
-76.202 0.0 0.000
-76.982 0.0 0.000
-76.982 0.0 0.000
-76.982 0.0 0.005
-85.567 0.0 0.001

-85.711 0.0 0.000
-85.s67 0.0 0.009
-85.711 0.0 0.000
-85.5ó7 0.0 0.000
-85.711 0.0 0.000
-85.346 0.0 0.038
-85.351 0.0 0.005
-85.288 0.0 0.089
-85.359 0.0 0.046
-85.5ó7 0.0 0.000
-85.346 0.0 0.000
-85.288 0.0 0.000
-85.s67 0.0 0.000
-85.950 0.0 0.000
-85.950 0.0 0.000
-85.950 0.0 0.000
-8ó.507 0.0 0.004
-86.702 0.0 0.000
-86.507 0.0 0.032
-86.702 0.0 0.000
-86.507 0.0 0.000
-8ó.702 0.0 0.000
-86.282 0.0 0.010
-86.29ó 0.0 0.001

-86.084 0.0 0.006
-86.598 0.0 0.000
-86.507 0.0 0.000
-86.282 0.0 0.000
-86.084 0.0 0.000
-86.507 0.0 0.000
-86.938 0.0 0.000



Appenilìx

310 -10.0 -0.1 10.0

311-10.0 -0.1 18.0

312 -10.0 0.9 2.0
.St¡ -tO.O 1.0 2.0
,St¿ -tO.O 0.9 10.0

:315 -10.0 1.0 10.0
,316 -10.0 0.9 18.0

317 -10.0 1.0 18.0

318 -10.0 0.1 22.O

319 -10.0 0.3 22.0
320 -10.O 0.5 22.0

321 -10.0 0.7 22.O

,322 -10.0 O.g 22.0
',323 -10.0 0.1 30.0
,324 -10.0 0.5 30.0
:325 -10.0 0.9 30.0
.326 -10.0 -0.1 2.0
,lzl -to.o -0.1 10.0

.328 -10.0 -0.1 18.0

.:329 1o.O 0.g 2.0
330 10.0 1.0 2.0

,331 10.0 0.9 10.0

i32 10.0 1.0 10.0

333 10.0 0.9 i8.0
.334 tO.0 1.0 18.0

335 1o.o o.t 22.0

336 10.0 0.3 22.0

337 10.0 0.5 22.0
338 10.0 0.7 22.0

139 10.0 o.g 22.0

¡40 10.0 0.1 30.0

r¿r lo.o 0.5 30.0

:342 10.0 0.9 30.0

)43 t}.o -0.1 2.0

344 10.0 -0.1 10.0

145 10.0 -0.1 18.0

3q6 rc.0 0.9 2.0

147 10.0 1.0 2.0
ì48 10.0 0.9 10.0

149 10.0 1.0 10.0

26.157 25.904
26.157 25.904
26.157 31.i89
26.157 31.189

26.157 31.189

26.157 31.189

26.157 31.189

26.157 31.189

26.157 31.189

26.157 31.189

26.157 31.189

26.157 31.189
26.157 31.189

26.157 31.189

26.157 31.189
26.157 31.189

26.157 31.189

26.157 3 I .189

26.157 31.189

18.446 25.904
18.446 25.904
18.446 25.904
18.446 25.904
18.446 25.904
18.446 25.904
18.446 25.904
t8.446 25.904
t8.446 25.904
18.446 25.904
18.446 25.904
18.446 25.904
18.446 25.904
18.446 25.904
18.446 25.904
18.446 25.904
18.446 25.904
18.446 31.r89
18.446 31.189

t8.446 31.189

18.446 31.189

-42.701 -7.285
-80.930 -10.997
10.589 39.564
13.878 45.740

32.8t4 37.327
46.928 4r.514
53.540 35.097

76.634 37.431

r 5.388 4.941
20.410 13.615

27.057 21.712

37.550 29.179
63.377 33.983
20.757 5.300

35.398 21.833
82.054 31.766
-8.704 -4.750

-44.021 -7.280
-83.334 -tl.052
11.571 40.808

1 5. 1 15 47 .937
37.362 43.427

57.314 53.064

65.623 46.542

106.147 59.639
15.790 5.948
21.300 t5.564
29.026 25.124
42.185 35.279

80.765 48.282
21.664 6,796

38.976 26J33
I13.319 52.241
-9.322 -2.652

-42.802 2.825
-72.518 7.280
11.065 40962
13.985 47 .966
34.960 43.285

51.067 52.237

137.919 590.537
137.950 590.537

-23.870 617.566
-23.853 618.010
-23.848 617.566
-23.84s 618.010
-23.844 617.566
-23.844 618.010
-23.851 616.966
-23.853 6t7.219
-23.849 616.969
-23.850 617.478
-23.853 617.s66
-23.853 616966
-23.847 616.969
-23.857 6t7.566
137.950 618.594
137.919 618.594
137.897 618.594
-23.86s -564.34t
-23.859 -565.062
-23.847 -564.341
-23.850 -565.062

-23.851 -s64.34r
-23.853 -565.062
-23.852 -564.837

-23.8n -564.153
-23.853 -564.463
-23.851 -564.403
-23.847 -564.34t
-23.851 -564.837
-23.850 -564.463
-23.853 -564.341
137.941 -564.691

137.925 -564.691
137.909 -564.691
-23.858 -s95.54r
-23.862 -596.222
-23.849 -595.541
-23.859 -596.222

-86.938 0.0 0.000
-86.938 0.0 0.014
-95.706 0.0 0.016
-96.196 0.0 0.000
-95.706 0.0 0.009
-96.196 0.0 0.000
-95.706 0.0 0.000
-96.196 0.0 0.000
-95.674 0.0 0.013
-95.706 0.0 0.00i
-95.614 0.0 0.016
-95.867 0.0 0.001
-95.706 0.0 0.000
-95.674 0.0 0.000
-95.614 0.0 0.000
-95.706 0.0 0.000
-96.207 0.0 0.000
-96.207 0.0 0.000
-96.207 0.0 0.002
26.714 0.0 0.00t
26.393 0.0 0.000
26.714 0.0 0.068
26.393 0.0 0.000
26.714 0.0 0.000
26.393 0.0 0.000
26.397 0.0 0.044
26.606 0.0 0.013
26.686 0.0 0.020
26.756 0.0 0.000
26.714 0.0 0.000
26.397 0.0 0.000
26.686 0.0 0.000
26.714 0.0 0.000
26.306 0.0 0.000

26.306 0.0 0.000
26.306 0.0 0.000
24.198 0.0 0.000

23.775 0.0 0.000
24.198 0.0 0.02t
23.775 0.0 0.000



Appenilix

350 10.0
,351 10.0
.352 t0.0
353 10.0

: 354 10.0

355 10.0
:356 10.0

357 10.0

358 10.0

359 10.0

360 10.0

361 10.0
)362 10.0

'36¡ to.o
,¡6¿ t0.o
.365 10.0

:366 10.0

:367 10.0

,368 10.0

:369 10.0

:¡ZO lO.O

,371 10.0

372 t}.O
:373 10.0

374 10.O

þzs ro.o
376 10.0

377 tO.O

378 10.0

379 10.0

380 10.0

381 10.0
l

382 10.0
I

383 10.0

384 10.0

t85 10.0

186 10.0

ì87 10.0

t88 10.0

ì89 10.0

0.9 18.0

1.0 18.0

0.1 22.0

0.3 22.0

0.5 22.0

0.7 22.0

0.9 22.0

0.1 30.0

0.5 30.0

0.9 30.0
-0.1 2.0

-0.1 10.0

-0.1 18.0

0.9 2.0

1.0 2.0

0.9 10.0

1.0 10.0

0.9 18.0

1.0 18.0

0.1 22.0

0.3 22.O

0.5 22.0

0.7 22.0

0.9 22.0

0.1 30.0

0.5 30.0

0.9 30.0
-0.1 2.0
-0.1 10.0

-0.r 18.0

0.9 2.0

1.0 2.0

0.9 r0.0
1.0 10.0

0.9 18.0

1.0 18.0

0.1 22.0

0.3 22.0

0.5 22.0

0.7 22.0

18.446 31.189

18.446 31.189

18.446 31.189

18.446 31.189
18.446 31.189

18.446 31.189
18.446 31.189

18.446 31.189
18.446 31.189

18.446 31.189
18.446 31.t89
18.446 31.189
18.446 31.189
26.157 25.904
26.157 25.904
26.157 25.904
26.157 25.904
26.157 25.904
26.157 25.904
26.157 25.904
26.157 25.904
26.157 25.904
26.157 25.904
26.157 25.904
26.157 25.904
26.157 25.904
26.157 25.904
26.t57 25.904
26.157 25.904
26.157 25.904
26.157 31.189
26.157 31.189
26.157 31.189

26.157 3t.189
26.157 31.189

26.157 31.189

26.157 3 l. 189

26.157 31.189
26.157 31.189
26.157 31.189

60.886 45.987

92.992 57.482
15.668 5.900
21.039 15.474

28.452 24.964

40.763 34.974

7 4.632 47.469
21.484 6.720
38.159 26.473

103.988 50.815
-9.603 -2.583
-44.205 3.063
-75.007 7.635

1 t.930 40.678

15.807 47.917

38.921 43.423

60.681 53.430

68.424 46.656

60.681 53.430

16.139 6.037
21.793 15.657

29.744 25.210
43.377 35.363

84.186 48.447

22.137 6.925
39.922 26.871

118.044 52.497
-7.980 -3.069

-36.824 L388
-63.068 5.148
r1.398 40.850

i4.580 47.955
36.407 43.306

53.954 52.579
63.46s 46.125

98.M0 58.242

16.003 5.988
2t.512 15.565

29.146 25.053
41.917 35.0'15

-23.856 -595.541

-23.844 -596.222
-23.853 -595.859
-23.848 -595.594
-23.847 -595.491
-23.848 -s95.638

-23.843 -595.541
-23.852 -595.859

-23.851 -595.491
-23.858 -s95.54r
137.953 -595.916
t37.916 -595.9t6
137.969 -59s.916
-23.863 -609.67s
-23.853 -609.831

-23.849 -609.675

-23.841 -609.831

-23.855 -609.675

-23.841 -609.831

-23.848 -609.963
-23.852 -609.600

-23.856 -609369
-23.847 -610.000

-23.841 -609.67s
-23.851 -609.963
-23.849 -609369
-23.847 -609.675

t37.925 -609522
137.906 -609522
137.950 -609522
-23.865 -640.591
-23.855 -641.338
-23.860 -640.s91
-23.848 -641.338
-23.8s4 -640.591
-23.860 -641.338

-23.850 -640.997

-23.848 -641.053
-23.852 -640334
-23.849 -640.ó50

24.198 0.0 0.000
23.775 0.0 0.000
24.2t6 0.0 0.055
24.403 0.0 0.022
24.278 0.0 0.064
24.240 0.0 0.004
24.198 0.0 0.000
24.216 0.0 0.000
24.278 0.0 0.000
24.198 0.0 0.000
24.239 0.0 0.000
24.239 0.0 0.000
24.239 0.0 0.000
22.897 0.0 0.000
22.907 0.0 0.000
22.897 0.0 0.018
22.907 0.0 0.000
22.897 0.0 0.000
22.907 0.0 0.000
22.969 0.0 0.023
22.683 0.0 0.006
22.956 0.0 0.010
22.804 0.0 0.000
22.897 0.0 0.000
22.969 0.0 0.000
22.956 0.0 0.000
22.897 0.0 0.000
23.172 0.0 0.000
23.172 0.0 0.000
23.172 0.0 0.000
19.636 0.0 0.000
18.900 0.0 0.000
19.636 0.0 0.006
r8.900 0.0 0,000

19.63ó 0.0 0.000
18.900 0.0 0.000
19.435 0.0 0.029
19.574 0.0 0.014
19.683 0.0 0.036
19.792 0.0 0.001



Appendix 167

390 10.0 0.9 22.0
391 10.0 0.1 30.0

'392 10.0 0.5 30.0
, 393 10.0 0.9 30.0

, ¡g¿ to.o -0. t 2.0
:395 1o.o -0.1 lo.o
'396 10.0 -0.1 18.0

397 30.0 0.9 2.0

398 30.0 1.0 2.0

399 30.0 0.9 10.0

400 30.0 1.0 10.0

:401 30.0 0.9 18.0
',402 30.0 1.0 18.0

'403 30.0 0.1 22.0

'404 3o.o 0.3 22.0
.405 30.0 0.5 22.0
,406 30.0 0.7 22.0

.407 30.0 0.9 22.0

,408 30.0 0.1 30.0
'409 30.0 0.5 30.0
.410 30.0 0.9 30.0
,4r1 30.0 -0.1 2.0

,412 30.0 -0.1 10.0
'.413 

30.0 -0.1 18.0

'aq zo.o 0.9 lo.o
415 30.0 1.0 10.0
'416 30.0 0.9 10.0

'417 3o.o 1.0 1o.o

418 30.0 0.9 18.0

'419 3o.o l.o t8.o
:4zo 3o.o o.r 22.0
'421 3o.o 0.3 22.0

'!22 30.0 0.5 22.0
'423 30.0 0.7 22.0

124 30.0 0.9 22.0
125 30.0 0.1 30.0
+26 30.0 0.5 30.0
+27 30.0 0.9 30.0
128 30.0 -0.1 2.0
129 30.0 -0.1 10.0

26.157 3 1. 189

26.151 31.189

26.157 31.189
26.157 31.189

26.157 3 1. 189

26.157 31.189

26.157 31 . 189

18.446 25.904
18.446 25.904
18.446 25.904
18.446 25.904
18.446 25.904
18.446 25.904
18.446 25.904
18.446 25.904
18.446 25.904
18.446 25.904
18.446 25.904
18.446 25.904
18.446 25.904
18.446 25.904
18.446 25.904
18.446 25.904
18.446 2s.904
18.446 31.189
18.446 3t.189
18.446 3i.189
18.446 31.189

18.446 31.189
18.446 31.189
18.446 31 . 189

18.446 31.189

18.446 31.i89
18.446 31.189
18.446 31.189

18.446 31.189

18.446 31.189
18.446 31.189

18.446 31.189
18.446 31.189

77.803 47.682
21.938 6.848
39.075 26.617
108.334 51.149
-8.223 -3.004
-38.033 1.613
-38.033 1.613

12.037 42.461
15.081 50.667

39.646 52.809

61.667 74.103
75.033 70.355
127.916 128.122

16.188 7.291
21.963 18.204
30.397 30.023
45.577 45.231

96.350 83.s49
22.572 8.989
41.824 34.650
147.288 125.631
-8.264 -0.895
-34.716 9.050
-54.278 15.381

1 1.456 42.437
13.903 s0.258

36.667 5t.341
s3.795 68.588
45.669 54.s81

68.009 65.s94
16.030 7.158
21.632 t7.927
29.660 29.461
43.655 43.862
86527 75.853
22.318 8.767

40.683 33.673

130.150 106.366

-8.543 -0.779
-36.026 9.528

-23.842 -640.591
-23.850 -640.991
-23.848 -640.734

-23.854 -640.59t
137.934 -640.094
r37.919 -640.094

13'1.919 -640.094
-23.858 -181.128
-23.854 -181.381

-23.856 - l8l.l28
-23.853 - 181.381

-23.852 -i81.128
-23.875 -181.381

-23.852 -181.209

-23.847 - 181.125

-23.850 -181.038

-23.853 - 181.103

-23.837 - 181.128

-23.850 -181.209
-23.848 -181.038

-23.847 - 181.128

137.938 -181.372
137.925 -181372
137.934 -181.3'12

-23.856 -191.178
-23.848 -191.447

-23.851 -191.178

-23.846 -191.447

-23.853 -191.150

-23.843 -191.178
-23.850 -191.269

-23.847 -t91.175
-23.847 -191.087

-23.854 -191.150

-23.857 -191.178
-23.851 -191.269
-23.847 -191.087

-23.848 -191.178

t37.931 -191.384

137.919 -191.384

19.636 0.0 0.000
19.435 0.0 0.000
19.683 0.0 0.000
19.636 0.0 0.000
19.244 0.0 0.000
19.244 0.0 0.000
19.244 0.0 0.000
37.378 0.0 0,01I
37.408 0.0 0.000
37.378 0.0 0.000
37.408 0.0 0.000
37.378 0.0 0.000
37.408 0.0 0.000
37.412 0.0 0.008
37.392 0.0 0.047
37.342 0.0 0.081
37.381 0.0 0.006
37.378 0.0 0.000
37.412 0.0 0.000
37.342 0.0 0.000
37.378 0.0 0.000
37.428 0.0 0.000
37.428 0.0 0.000
37.428 0.0 0.000
40.171 0.0 0.033

40.21 1 0.0 0.000
40.171 0.0 0.000
40.211 0.0 0.000
40.179 0.0 0.000
40.171 0.0 0.000
40.226 0.0 0,014
40.208 0.0 0.041

Q.179 0.0 0.104
40.179 0.0 0.083

40.171 0.0 0.000
40.226 0.O 0.000
40.179 0.0 0.000
40.171 0.0 0.000
40.194 0.0 0.000
40.194 0.0 0.000



Appendix 168

430 30.0
' 43t 30.0

432 30.0

433 30.0

" 

434 30.0

435 30.0
' 436 30.0

437 30.0

438 30.0

439 30.0

440 30.0
,441 30.0

'442 30.0

'443 30.0

:444 30.0

445 30.0
.446 30.0

447 30.0

¿+8 ¡O.O

:449 30.0

ì450 30.0

:451 30.0
:.q52 zo.o

l+s¡ ¡o.o

:454 30.O

¡+SS ¡O.O

456 30.0

457 30.0

458 30.0

'459 30.0

460 30.0

i461 30.0

t62 30.0

'463 30.0

464 30.0

46s -30.0

'166 -30.0

+67 -30.0

168 -30.0

169 -20.0

-0.1 i8.0
o.9 2.0

1.0 2.0

0.9 10.0

1.0 10.0

0.9 18.0

1.0 18.0

0.1 22.0

0.3 22.0

0.5 22.0

0.7 22.0

0.9 22.0

0.1 30.0

0.5 30.0

0.9 30.0
-0.1 2.0

-0.1 10.0

-0. i 18.0

0.9 2.0

1.0 2.0

0.9 10.0

1.0 10.0

0.9 18.0

1.0 18.0

0.1 22.0

0.3 22.0

0.5 22.0

0.7 22.0

0.9 22.0

0.1 30.0

0.5 30.0

0.9 30.0
-0.1 2.0
-0.1 10.0

-0.1 18.0

0.5 0.0

0.5 0.0

0.5 0.0

0.5 0.0

0.5 0.0

18.446 31.189

26.157 2s.904
26.157 25.904
26.157 25.904
26.157 25.904
26.157 25.904
26.157 25.904
26.1s7 25.904
26.157 25.904
26.157 25.904
26.157 25.904
26.157 25.904
26.157 25.904
26.157 25.904
26.157 25.904
26.157 25.904
26.157 25.904
26.157 25.904
26.157 3 1.189

26.157 31.189

26.157 31.189
26.157 31.189

26.157 31.189

26.157 31.189

26.157 31.189
26.157 31.189

26.157 31.189

26.ts7 31.189

26.157 31.189

26.157 31.189

26.157 31.189

26.157 31.189

26.157 31.189

26.157 31.189

26.157 31.189

26.157 31.189

26.t57 25.904
18.446 25.904
18.446 31.189

26.157 31.189

-56.447 16.166

12.446 42.400
rs.786 50.863
41.419 53.098

65.381 75.842
78.446 70.875
136.075 132.512

16.524 7.421

22.468 18.319

3r.167 30.094
46.931 45.245

100.816 84.098

23.023 9.151

42.850 34j00
154.622 t25.591
-7.t32 -1.623

-30.667 6.852
-49.107 12.631

1 1.834 42.395

14.505 50.437

38.250 51.688

56.877 70.102
7 |.048 66.308
114.481 109.069

16.350 't .292
22.n1 18.056

30.392 29.573

44.925 43.979
90369 76.688
22.746 8.937
4r.658 33.790
t36.t28 107.203

-7 .364 - 1.510

-31.770 7.314
-50962 13.384

208.247 -1.812

198.100 -2360
184.000 2.859
194.259 3.417

313.300 -20.415

137.931 -191.384
-23.858 -195.872
-23.856 -196.125
-23.854 -19s.872
-23.848 -196.125
-23.846 -195.872
-23.833 -196.125
-23.851 - 195.950

-23.852 - 195.853

-23.849 -195.803

-23.848 -195.847
-23.853 -195.872
-23.852 -195.950

-23.849 -195.803
-23.851 -195.872
137.925 -i96.078
t37.922 -196.078
137.925 -196.078
-23.855 -205.89r
-23.851 -206J00
-23.852 -205.891
-23.859 -206.100
-23.858 -205.891
-23.842 -206J00
-23.852 -206.022

-23.851 -205.894
-23.851 -205.772

-23.851 -205.828
-23.858 -205.891

-23.848 -206.022
-23.850 -205.772

-23.848 -205.891
137.925 -206.056
137.900 -206.056

t37.966 -206.056

0.220 208.244

-0.r45 198.066

-0.014 184.009

-0.055 194.209

0.076 313.212

40.194 0.0 0.000
34.199 0.0 0.004

34.251 0.0 0.000
34.r99 0.0 0.000
34.251 0.0 0.000
34.199 0.0 0.000
34.251 0.0 0.000
34.294 0.0 0.003
34.220 0.0 0.031
34.225 0.0 0.044
34.199 0.0 0.001

34.199 0.0 0.000
34.294 0.0 0.000
34.225 0.0 0.000
34.199 0.0 0.000
34.209 0.0 0.000
34.209 0.0 0.000
34.209 0.0 0.000
36.9i6 0.0 0.0r I

36.997 0.0 0.000
36.916 0.0 0.000
36.997 0.0 0.000
36.916 0.0 0.000
36.997 0.0 0.000
36.999 0.0 0.005
36.930 0.0 0.029
37.007 0.0 0.066
36.965 0.0 0.013
36.9r6 0.0 0.000
36.999 0.0 0.000
37.007 0.0 0.000

36.916 0.0 0.000
37.039 0.0 0.000
37.039 0.0 0.000

37.039 0.0 0.000
-2.017 0.0 0.000
-2.609 0.0 0.000
2.629 0.0 0.000
3.229 0.0 0.000

-20.749 0.0 0.oo0



Appendix D r69

470 -20.0 0.5 0.0
471-20.0 0.5 0.0
472 -20.0 0.5 0.0
473 -10.0 0.5 0.0
474 -10.0 0.5 0.0
47s -10.0 0.5 0.0
476 -1O.0 0.5 0.0
477 10.0 0.5 0.0
478 10.0 0.5 0.0
479 r0.0 0.5 0.0
480 10.0 0.5 0.0
481 20.0 0.5 0.0
482 20.0 0.5 0.0
483 20.0 0.5 0.0
484 20.0 0.5 0.0
485 30.0 0.5 0.0
486 30.0 0.5 0.0
487 30.0 0.5 0.0
488 30.0 0.5 0.0

26.157 25.904
18.446 25.904
18.446 31,189
18.446 31.189

18.446 25.904
26.157 25.904
26.157 31.189

26.157 31.189

26.157 25.904
18.446 25.904
18.446 31.189

26.t57 31.189
26.157 25.904
18.446 25.904
t8.446 31.t99
18.446 31.189
18.446 25.904
26.157 25.904
26.157 3 1. 189

298.331 -19.193

276.938 -12.964
292.006 -14.048
574.459 -84.165

545.731 -7 5.564
588.969 -85.536

617.281 -94.448
-640.369 t9.187
-609.413 22.518
-564.550 26.117
-595.625 23.073

-315.175 37.864
-299.647 35.791
-277.359 38.970
-292.688 41.049
- 19r.100 39.943
- 1 81.08 I 37 .027

-195.891 33.930
-205.878 36.713

0.023 298.169

0.150 276.931
-0.276 291.741

0.065 573.912
0.085 545.803

-0.269 588.534
-0.132 616.969
-0.104 -640.734

-0.087 -609.769

0.097 -564.463

0.220 -595.491
-0.008 -315.159

0.039 -299.666
-0.102 -n7 319
-0.134 -292.681

-0.068 -191.087

0.007 - 181.038

0.10i -r95.803
-0.047 -205.772

-19.492 0.0 0.000
-13.259 0.0 0.000
-14.388 0.0 0.000
-85.288 0.0 0.000
-76.484 0.0 0.000
-86.084 0.0 0.000
-95.614 0.0 0.000
19.683 0.0 0.006
22.956 0.0 0.010
26.686 0.0 0.ot4
24.278 0.0 0.009
38.133 0.0 0.008
36.172 0.0 0.004
39.221 0.0 0.007
41.346 0.0 0.014
40.179 0.o 0.002
37.342 0.0 0.001
34.225 0.0 0.000
37.007 0.0 0.001

IEITING_-çAITË
error = 0.00 cost = 0,921217

No. ô Þ0 ¡fxntxstRF R1 x I xso Ru,"r, xr,"r,

, 1 -20.0

:2 -20.0

13 -20.0
l
i 4 -20.0

,5 -20.0

:6 -20.0

7 -20.0

s -zo.o

9 -20.0

10 -20.0

11 -20.0

-0.10 4.0
-0.10 14.0

0.20 4.0

0.20 14.0

0.20 26.0

0.60 4.0

0.60 14.0

0.60 26.0

0.80 26.0

0.95 4.0

0.95 14.0

24.500 27.400 -t7.686
24.500 27.400 -70.075
24.500 n.400 3.596
24500 27.400 11.118

24s00 27.400 19.668

24.500 n.400 9.132
24.500 27.400 21.695
24.500 27.400 35.416
24.500 27.400 50.408

24.500 27.400 18.560

24500 27.400 48.278

-7 .Ql 137.906 298.906
-19.724 137.947 298.906
8.339 -23.875 298.819
8.631 -23.851 298.819
8.909 -23.851 298.819
24.238 -23.863 297.812
22.836 -23.849 297.812
21.277 -23.849 297.812
27.417 -23.855 298.828
39.847 -23.853 298.091

33.485 -23.850 298.091

-18.603 0.0 0.000
-18.603 0.0 0.000
-18.557 1.0 1.000

-18.557 1.0 1.000
- 18.557 0.0 0.000
-18.463 1.0 1.000
-18.463 1.0 1.000

-18.463 0.0 0.000
- 18.596 0.0 0.000
- 18.481 0.0 0.000
-18.481 0.0 0.000



Appendix

t2 20.0 -0.10 4.0

l3 20.0 -0.10 14.0

14 20.0 0.20 4.0
t5 20.0 0.20 14.0

: tø ZO.O 0.20 26.0

17 20.0 0.60 4.0

l8 20.0 0.60 14.0

19 20.0 0.60 26.0
20 20.o 0.80 26.0
21 20.0 0.95 4.0
22 20.0 0.95 14.0

24.500 n.400 -15.t50
24.500 27.400 -46.722
24.500 27.400 3.789
24.500 27.400 It.779
24.500 27.400 21.898
24.500 27.400 10.503

24500 27.400 25.532
24500 21.400 45.556
24.500 27.400 72.889
24.500 27.400 21.499
24.500 27.400 68.127

137.931 -299.484

137.941 -299.484
-23.867 -300.081

-23.851 -300.081

-23.848 -300.081

-23.856 -299.028
-23.85r -299.028
-23.849 -299.028
-23.85t -299.969
-23.853 -299.094
-23.854 -299.094

37.487 0.0 0.000
37.487 0.0 0.000

37.416 1.0 1.000

37 .416 1.0 1.000

37.416 0.0 0.000
37.335 1.0 1.000

37.335 1.0 0.995
37.335 0.0 0.000

37.336 0.0 0.000
37.383 0.0 0.000

37.383 0.0 0.000

-0.214

7.726

8.749

10.338

12.537

26.044
28.445

32.080

49.816

46.674

58.917

BUNNING_çAIES

Ê¡

o
o
bo

-(\lts
xlRtxntxstRF xso Rrr"r, Xr,rn,No. ô

: I -i5.0
2 -15.0

,3 -15.0
: 4 -15.O

js -ls.o
: 6 -15.0

7 -15.0

8 -15.0

, 9 -15.0
:10 -15.0
:11 -15.0

:12 -15.0
Ìil3 -15.0

:14 -15.0

:15 -15.0
'16 -15.0

17 -i5.0
18 -15,0

19 -15.0

20 -15.0

-0.l0
-0.08

-0.06

-0.04

-0.02

-0.00

0.00

0.02

0.04

0.06

0.08

0.10

0.15

0.20

0.25

0.30

0.35

0.40

0.4s

0.50

20.660
20.660

20.660

20.660

20.660

20.660
20.660
20.660

20.660

20.660
20.660

20.660

20.660

20.660

20.660

20.660
20.660

39.389
20.660

20.660

29.890

29.890
29.890
29.890

29.890
29.890

29.890
29.890
29.890

29.890

29.890

29.890

29.890

29.890
29.890

29.890
29.890

59.084

29.890
29.890

-27.287

-26.569
-24.126
-22.013
-20.229

- 18.73 I

3.878

3.923

4.006
4.095

4.178
4.288

4.507

5.102

5.289
6.659

1.527

6.379

7.270

9.422

6.0

6.0

6.0

6.0

6.0

6.0

6.0

6.0

6.0

6.0

6.0

6.0

6.0

6.0

6.0

6.0

6.0

6.0

6.0

6.0

-7.449 137.925
-6.490 137928
-s.306 137.944
-4.200 137.925

-3.179 137.925
-2.936 137.922

0.921 -23.854
0.997 -23.854
1.728 -23.855
2.482 -23.856

3.236 -23.85s

4.086 -23.857

5.891 -23.858

8.492 -23.862
10.466 -23.862

12.832 -23.861
15.004 -23.861
16.516 -23.867

18j16 -23.866
21.146 -23.862

395.666 -37.185 0.0 0.000
392.244 -36.798 0.0 0.000
392.263 -36.556 0.0 0.000
392.263 -36.558 0.0 0.000
392.234 -36.770 0.0 0.000
395.678 -37.205 0.0 0.000
394.769 -37.063 1.0 1.000
391.t84 -36.473 1.0 1.000

391.169 -36.378 1.0 1.000

391.538 -36.427 1.0 1.000

391.166 -36.400 1.0 1.000

391.169 -36.482 1.0 1.000

391.175 -36.451 1.0 1.000

392.169 -36.503 l 0 1.000

391.053 -36.313 1.0 1.000

391.172 -36.433 1.0 1.000

390.778 -36.363 1 .0 1.000

390.822 -36.325 1.0 1.000

390.778 -36.357 1.0 1.000

391.134 -36.362 1.0 1.000



Appendix 171

21 -15.0 0.55

22 -15.O 0.60

23 -15.0 0.65

24 -15.0 0.70
, 25 -15.0 0.72

26 -15.0 0]4
' 27 -15.0 036
zg - t5.0 0.78
29 -15.0 0.80

30 -15.0 0.82

31 -15.0 0.84

32 -15.0 0.86
, 33 -15.0 0.88

34 -15.O 0.90

, 35 -15.0 0.92

36 -15.0 O.94
,37 -15.0 0.96
: 38 -15.0 0.98

39 -r5.0 1.00

. +O -tS.O 0.40

. 41 -15.0 0.40

.42 -15.0 0.40
:43 -15.0 0.40

:44 -15.0 0.40

¡45 -15.0 0.40

'46 -rs.o o.4o

47 -15.0 0.40

¿s -ts.o 0.40

149 -15.0 0.40
. 50 - 15.0 0.40

;st -ls.o 0.40

:52 -15.0 0.40
.53 - 15.0 0.40

iS¿ -tS.O 0.40

:SS -tS.O 0.40
,so -ls.o 0.40
'57 -r5.0 0.40

58 -15.0 0.40

59 -15.0 0.40

6.0 20.660 29.890 10.814

6.0 20.660 29.890 11.147

6.0 20.660 29.890 11.542
6.0 20.660 29.890 12.9s9
6.0 20.660 29.890 13.196

6.0 20.660 29.890 13.649

6.0 20.660 29.890 14.738

6.0 20.660 29.890 1s.353

6.0 20.660 29.890 16.304

6.0 20.660 29.890 17.275

6.0 20.660 29.890 17.922

6.0 20.660 29.890 19.204
6.0 20.660 29.890 19.942
6.0 20.660 29.890 20.995
6.0 20.660 29.890 22.346
6.0 20.660 29.890 23.805
6.0 20.660 29.890 25.406
6.0 20.660 29.890 27.164
6.0 20.660 29.890 27.753

0.0 20.660 29.890 0.643
0.2 20.660 29.890 0.835
0.4 20.660 29.890 1.031

0.6 20.660 29.890 1.226

0.8 20.660 29.890 t.42t
1.0 20.660 29.890 i.615
1.2 20.660 29.890 1.809

t.4 20.660 29.890 2.003
1.6 20.660 29.890 2.196
1.8 20.660 29.890 2.389
2.0 20.660 29.890 2.581
2.5 20.660 29.890 3.061

3.0 20.660 29.890 3.539
3.5 20.660 29.890 4.015
4.0 20.660 29.890 4.490
6.0 20.660 29.890 6.379
8.0 20.660 29.890 8.252
10.0 20.660 29.890 10.1 l0
12.0 20.660 29.890 11.951

r4.0 20.660 29.890 13.777

-23.856 390.822
-23.857 391.041
-23.859 390.987
-23.859 39t.231
-23.859 391.212
-23.857 391.191
-23.856 39t.t25
-23.855 391.556
-23.854 392.237
-23.853 391.328
-23.851 391.225
-23.851 391.303
-23.851 391.384
-23.854 39t.337
-23.850 391.297
-23.852 391.756
-23.853 39r.284
-23.857 391.334
-23.859 395.597

-23.872 390.822
-23.877 390.822
-23.878 390,822
-23.882 390.822
-23.884 390.822
-23.886 390.822
-23.885 390.822
-23.889 390.822
-23.887 390.822
-23.887 390.822
-23.887 390.822
-23.885 390.822
-23.885 390.822
-23.880 390.822
-23.877 390.822
-23.867 390.822
-23.858 390.822
-23.855 390.822
-23.853 390.822
-23.851 390.822

-36.327 r.0 1.000

-36.312 1.0 1.000

-36.301 1.0 1.000

-36.492 LO 1.000

-36.423 1.0 1.000

-36.479 1.0 1.000

-36.372 1.0 1.000

-36.430 1.O 1.000

-36.684 1.0 0.997
-36.s15 0.0 0.904
-36.524 0.0 0.023
-36.522 0.0 0.001
-36.449 0.0 0.000
-36.517 0.0 0.000
-36.452 0.0 0.000
-36.340 0.0 0.000
-36.464 0.0 0.000
-36.5i5 0.0 0.000
-37.313 0.0 0.000

-36.325 1.0 1.000

-36.325 1.0 1.000

-36.325 1.0 1.000

-36.325 1.0 1.000

-36.325 1.0 1.000

-36.325 1.0 1.000

-36.325 1.0 1.000

-36.325 1.0 1.000

-36.325 1.0 1.000

-36.325 t.0 1.000

-36.325 1.0 i.000
-36.325 1.O 1.000

-36.32s t.0 1.000

-36.325 1.0 1.000

-36.325 t.O 1.000

-36.32s t.0 1.000

-36.325 1.0 r.000
-36.325 1.0 1.000

-36.325 r.0 1.000

-36.325 1.0 1.000

22.703
24.337

27.225

29.322

30.305

31.120
3 1.68 I

32.498
33.321

33.985

35.101

35.789
36.842

37.760

38.606

39.508

40.384

4r.401
42.283

16.145

16.160

16.176

16.190

16.204

16.219

16.233

16.245

16.257

t6.271

16.283

r6.313
16.345

16.373

t6.402
r6.51ó

t6.627
16.734

16.840

16.941



Appendix 172

60 -15.0 0.40 16.0 20.660
6l -15.0 o.4o 18.0 20.660
62 -15.O 0.40 18.5 20.660
63 -15.0 0.40 19.0 20.660

. 64 -15.0 0.40 tg.2 20.660
: 65 -15.0 0.40 19.4 20.660
, 66 -15.0 0.40 19.6 20.660
67 -1s.0 0.40 19.8 20.660
68 -15.0 0.40 20.0 20.660
69 -15.0 0.40 20.2 20.660
70 -15.0 0.40 20.4 20.660

.7r -15.0 0.40 20.6 20.660
:72 -15.0 0.40 2O.8 20.660

' 73 -15.0 0.40 21.0 20.660
,.74 -15.0 0.40 21.5 20.660
75 -15.0 0.40 22.0 20.660

:,76 -1s.0 o.4o 22.s 20.660
77 -15.0 0.40 23.0 20.660
78 -15.0 0.40 23.5 20.660

.79 -15.0 0.40 24.0 20.660
: 80 -15.0 0.40 24.5 20.660
I sl -ls.o o.4o 25.0 20.660
.82 -15.0 0.40 26.0 20.660
:83 -15.0 0.40 28.0 20.660
84 -15.0 0.40 30.0 20.660

I

: 85 - 15.0 0.40 32.0 20.660
.86 -15.0 0.40 34.0 20.660
' 87 - 15.0 0.40 36.0 20.660
;88 -15.0 0.40 38.0 20.660

i89 -rs.o o.4o 4o.o 20.660

:90 15.0 -0.i0 6.0
i9r 15.0 -0.08 6.0
:92 15.0 -0.06 6.0
i93 15.0 -0.04 6.0

i94 15.0 -0.02 ó.0
:95 t 5.0 0.00 6.0

96 15.0 0.00 6.0

97 t5.0 0.02 6.0
98 15.0 0.04 6.0

29.890 15.585

29.890 t7.377
29.890 17.824

29.890 18.267

29.890 18.445

29.890 18.624

29.890 18.80i
29.890 18.977

29.890 19.154

29.890 19.33t
29.890 19.507

29.890 19.684

29.890 19.859

29.890 20.036
29.890 20.476

29.890 20.914
29.890 2t.351
29.890 21.787

29.890 22.223

29.890 22.658
29.890 23.093
29.890 23.525
29.890 24.386
29.890 26.098
29.890 27.796

29.890 29.478
29.890 31.145

29.890 32.797

29.890 34.436
29.890 36.058

17.037 -23.852 390.822
t7.132 -23.849 390.822
t7.155 -23.851 390.822
11.176 -23.850 390.822
17.186 -23.850 390.822
17.196 -23.852 390.822
17.204 -23.851 390.822
17.213 -23.851 390.822
17.220 -23.848 390.822
17.229 -23.851 390.822
17.238 -23.850 390.822
17.247 -23.851 390.822
17.256 -23.850 390.822
17.264 -23.850 390.822
t7.286 -23.852 390j22
17.307 -23.851 390.822
173n -23.850 390.822
17.346 -23.850 390.822
17.367 -23.849 390.822
17.387 -23.851 390.822
17.406 -23.850 390.822
t7.427 -23.852 390.822
17.466 -23.852 390.822
t7.541 -23.850 390.822
17.610 -23.850 390.822
17.677 -23.852 390.822
17.740 -23.850 390.822
17.800 -23.849 390.822
17.857 -23.850 390.822
17.909 -23.850 390.822

0.754 137.919 -401.319

1.415 137.925 -397.734

1.813 137.909 -397.850
2.193 137.916 -397.853
2.620 137.928 -397.709
2.344 137.922 -4A1325
1.194 -23.853 -401.953

1.275 -23.853 -397.747
2.017 -23.854 -397.706

-36.325 1.0 1.000

-36.325 1.0 1.000

-36.325 1.0 1.000

-36.325 1.0 0.999
-36.325 1.0 0.999
-36.325 1.0 0.998
-36.325 1.0 0.996
-36.325 1.0 0.994
-36.325 1.0 0.990
-36.325 0.0 0.983
-36.325 0.0 0.972
-36.325 0.0 0.9s4
-36.325 0.0 0.926
-36.325 0.0 0.881

-36.325 0.0 0.669
-36.325 0.0 0.35s
-36.325 0.0 0.132
-36.325 0.0 0.041

-36.325 0.0 0.012
-36.325 0.0 0.003
-36.325 0.0 0.001

-36.325 0.0 0.000
-36.325 0.0 0.000
-36.325 0.0 0.000
-36.325 0.0 0.000
-36.325 0.0 0.000
-36.325 0.0 0.000
-36.325 0.0 0.000
-36.32s 0.0 0.000
-36.325 0.0 0.000

37.353 0.0 0.001

37.787 0.0 0.000

37.859 0.0 0.000

37.866 0.0 0.000

37.817 0.0 0.000
37.368 0.0 0.000

37.478 t.0 1.000

37.840 1.0 1.000

37.913 1.0 1.000

20.660 29.890 -23.289
20.660 29.890 -22.730
20.660 29.890 -20.903
20.660 29.890 -19.290

20.660 29.890 -17.914
20.660 29ß90 -16.7t4
20.660 29.890 3.919
20.660 29.890 3.961
20.660 29.890 4.060



þpendix

99 15.0 0.06 6.0

, too ls.o 0.08 6.0
101 15.0 0.10 6.0

102 15.0 0.15 6.0
: 103 15.0 O.2O 6.0

104 15.0 0.25 6.0

105 15.0 0.30 6.0
106 15.0 0.35 6.0
107 15.0 0.40 6.0
108 15.0 0.45 6.0

109 15.0 0.50 6.0
110 15.0 0.55 6.0

,111 15.0 0.60 6.0
, ttz i5.o 0.ó5 6.0
. t t¡ tS.O O.7O 6.0
' 114 15.0 0.72 6.0

t lS t5.O 0.74 6.0
116 15.0 0.76 6.0

r 117 15.0 0.78 6.0
. I 18 15.0 0.80 6.0
,119 15.0 0.82 6.0

.120 15.0 0.84 6.0

.121 15.0 0.86 6.0

:122 15.0 0.88 6.0

ir23 ls.o o.9o 6.0
:,124 15.0 0.92 6.0
rzs ts.o o.g4 6.0
t26 15.0 0.96 6.0

127 15.0 0.98 6.0

,128 15.0 1.00 6.0

:

:129 15.0 0.40 0.0

:r30 15.0 0.40 0.2

:l3l 15.0 0.40 0.4

',r32 r5.o o.4o 0.6
:133 15.0 0.40 0.8

134 15.0 0.40 1.0

135 15.0 0.40 1.2

136 15.0 0.40 r.4
137 15.0 0.40 1.6

20.660 29.890 4.165
20.660 29.890 4.270
20.660 29.890 4.391
20.660 29.890 4.673
20.660 29.890 5.267
20.660 29.890 5.514
20.660 29.890 6.946
20.660 29.890 7.890
20.660 29.890 6.834
20.660 29ß90 7.810
20.660 29.890 i0.089
20.660 29ß90 t1.757
20.660 29.890 12.948
20.660 29.890 12.6t3
20.660 29.890 14.253
20.660 29.890 14.490
20.660 29.890 15.030

20.660 29.890 16.361

20.660 29.890 l7.l l0
20.660 29.890 18.264
20.660 29.890 19.378
20.660 29.890 20.060
20.660 29.890 21.60s
20.660 29.890 22.419
20.660 29.890 23.632
20.660 29ß90 25.2t5
20.660 29.890 27.002
20.660 29.890 28.85s
20.660 29.890 30.914
20.660 29.890 31.661

20.660 29.890 1.126
20.660 29.890 1.311

20.660 29.890 1.502
20.660 29.890 1.692

20.660 29.890 1.882

20.660 29.890 2.072
20.660 29.890 2.262
20.660 29.890 2.451
20.660 29.890 2.641

2.784 -23.853
3.551 -23.854
4.419 -23.855
6.254 -23.856
8.955 -23.860
10.968 -23.860
13.547 -23.858

15.879 -23.858

17.217 -23.862
19.586 -23.8s9
22.451 -23.859
24.303 -23.855

26.154 -23.853
29.112 -23.856
31.617 -23.855
32.703 -23.856
33.665 -23.8s3
34.550 -23.853
35.543 -23.854
36.685 -23.852
37.713 -23.852
39.134 -23.848
40.304 -23.849
41.711 -23.855
43.091 -23.851
44.559 -23.850

46.t25 -23.851
47.824 -23.848
49.802 -23.847

50.922 -23.846

16.037 -23.868

16.076 -23.870
16.1t5 -23.872
16.156 -23.872
16.195 -23.87s

16.234 -23.815
16.274 -23.878
16.312 -23.878
16.352 -23.878

37.997 1.0 1.000

37.958 1.0 1.000

37.874 t.0 1.000

37.886 1.0 1.000

37.760 1.0 1.000

38.083 1 .0 1.000

37.929 1.0 1.000

37.971 1.0 1.000

37.975 1.0 1.000

37.914 1.0 1.000

38.087 1.0 1.000

37.945 1.0 1.000

37942 1.0 1.000

37.918 1.0 1.000

37.953 1.0 1.000

38.006 1.0 1.000

37.966 1.0 1.000

37.961 1.0 1.000

37.779 1.O 1.000

37.9t7 1.0 1.000

37.870 0.0 0.999
38.024 0.0 0.990
37.877 0.0 0.931
37.839 0.0 0.403

37.875 0.0 0.047
37.978 0.0 0.005

37.798 0.0 0.001

38.021 0.0 0.000

37.946 0.0 0.000
37.539 0.0 0.000

37.975 t.O 1.000

37.975 1.0 1.000

37.975 1.0 1.000

37.975 1.0 1.000

37.975 1.0 i.000
37.975 1.0 1.000

37.975 1.0 1.000

37.975 1.0 1.000

37.975 1.0 1.000

-398.250

-397.737

-397.713
-397.744

-398.788

-397.531

-397.731

-397.225

-397.197

-397.316
-397.537

-397.250

-397.331

-397.284
-397.625

-397.297

-397.331
-397.3t2
-397.841

-398.572

-397.697

-397.603
-397.728

-397.753

-397.741
-397.572

-397.841

-397.609
-397.638

-401.83 1

-397.197

-397.197

-397.191

-397.197

-397.197

-397.197

-397.197

-397.197

-397.197



Appenilix 174

138 i5.0 0.40 1.8

139 15.0 0.40 2.0

: 140 15.0 0.40 2.5
141 i5.0 0.40 3.0

'. 142 15.0 0.40 3.5
, r+¡ ls.o 0.40 4.0

144 15.0 0.40 6.0

' 145 r5.o o.4o 8.0
t46 15.0 0.40 10.0

147 t5.0 0.40 12.0

148 15.0 0.40 14.0

,149 15.0 0.40 16.0

150 15.0 0.40 18.0
,151 15.0 0.40 18.5

:152 15.0 0.40 19.0
:15¡ i5.o o.4o tg.2
r 154 15.0 0.40 19.4

,155 15.0 0.40 19.6
.156 i5.0 0.40 19.8

,157 15.0 0.40 20.0

,158 15.0 0.40 20.2

.159 15.0 0.40 20.4

:160 15.0 0.40 20.6

:161 15.0 0.40 20.8

i162 15.0 0.40 21.0
jt6¡ l5.o o.4o 21.5

164 15.0 0.40 22.O

165 r5.0 0.40 22.5
.166 15.0 0.40 23.0
:167 t5.O 0.40 23.5

:168 15.0 0.40 24.0

jl69 15.0 o.40 24.5

ll70 15.0 0.40 25.0

:tZt tS.O 0.40 26.0
:172 15.0 0.40 28.0
173 15.0 0.40 30.0
,174 15.0 0.40 32.0
175 15.0 0.40 34.0
176 15.0 0.40 36.0
t77 15.0 0.40 38.0

20.660 29.890 2.831
20.660 29.890 3.020
20.660 29.890 3.494
20.660 29.890 3.969
20.660 29.890 4.444
20.660 29.890 4.920
20.660 29.890 6.834
20.660 29.890 8.768

20.660 29.890 t0.722
20.660 29.890 12.696

20.660 29.890 14.686
20.660 29.890 16.696
20.660 29.890 18.725

20.660 29.890 19.234

20.660 29.890 19.745

20.660 29.890 19.949

20.660 29.890 20.155
20.660 29.890 20.359
20.660 29.890 20.565
20.660 29.890 20.771

20.660 29.890 20.976
20.660 29.890 2t.r83
20.660 29.890 21.388

20.660 29.890 21.594
20.660 29.890 2r.802
20.660 29.890 22.316
20.660 29.890 22.836
20.660 29.890 23.35s
20.660 29.890 23.8'75

20.660 29.890 24.396
20.660 29.890 24.920
20.660 29.890 25.444

20.660 29.890 25.972
20.660 29.890 27.026
20.660 29.890 29.147

20.660 29.890 31.291
20.660 29.890 33.455
20.660 29.890 35.636

20.660 29.890 37.842
20.660 29.890 40.065

16.391 -23.878
16.429 -23.878

t6.527 -23.876
16.624 -23.875
16.722 -23.873
16.820 -23.872

17.2n -23.862
17.625 -23.856
18.044 -23.853
18.473 -23.852
18.913 -23.852
19.362 -23.851
19.821 -23.852
19.936 -23.851
20.054 -23.850

20.098 -23.850

20.148 -23.853
20.195 -23.851

20.243 -23.850
20.286 -23.850
20.335 -23.850
20.385 -23.851
20.432 -23.850
20.478 -23.850

20.526 -23.849
20.646 -23.850
20.767 -23.852
20.887 -23.850

21.008 -23.848
21.134 -23.850

21.257 -23.851
21.377 -23.848
21.505 -23.852
21.755 -23.851
22.265 -23.850

22.786 -23.850
23.319 -23.851
23.862 -23.849

24.419 -23.851
24.985 -23.849

37.975 1.0 1.000

37.975 t.0 1.000

37.975 LO 1.000

37.975 1.0 i.000
37.975 1.0 1.000

37.975 t.0 1.000

37.975 t.O 1.000

37 .975 r.0 1 .000

37.975 1.0 1.000

37.975 t.0 1.000

37.975 1.0 1.000

37 .975 1.0 1.000

37.97s t.o 0.987
37.975 r.0 0.967
37.975 1.0 0.921
37.975 1.0 0.888
37.975 1.0 0.845
37.975 1.0 0.788
37.975 t.O 0.7t8
37.975 1.0 0.634
37.975 0.0 0.543
37.975 0.0 0.448
37.97s 0.o 0.357
37.975 0.0 0.274

37.975 0.0 0.204
37.915 0.0 0.090
37.975 0.0 0.03'7

37.915 0.0 0.014
37.97s 0.0 0.006
37.975 0.0 0.002
37.975 0.0 0.001

37.975 0.0 0.000

37.975 0.0 0.000
37.975 0.0 0.000

37.975 0.0 0.000

37.975 0.0 0.000
37.975 0.0 0.000
37.975 0.0 0.000

37.975 0.0 0.000
37.975 0.0 0.000

-397.r97
-397.r97
-397.197

-397.197

-397.t97
-397.197

-397.197

-397.197

-397.t97
-397.197

-397.197

-397.197

-397.197

-397.197

-397.197

-397.197

-397.197

-397.197

-397.197

-397.197

-397.197

-397.197

-397.197

-397.197

-397.197

-391.197

-397.197

-397.197

-397.191

-391.197

-397.197

-397.197

-397.197

-397.197

-397.197

-397.r97
-397.197

-397.t97
-397.197

-397.197
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178 15.0 0.40 40.0 20.660 29.890 42.312

-0.10 r 6.0
-0.08 16.0

-0.06 16.0

-0.o4 16.0

-0.02 r6.0
0.00 16.0

0.00 16.0

0.02 16.0

0.04 16.0

0.06 16.0

0.08 16.0

0.10 16.0

0.15 16.0

0.20 16.0

o.25 r6.0
0.30 16.0

0.35 16.0

0.40 16.0

0.45 16.0

0.50 16.0

0.55 16.0

0.60 16.0

0.65 r6.0
0.70 16.0

0.72 16.0

0.74 16.0

0.76 16.0

0.78 16.0

0.80 16.0

0.82 16.0

0.84 16.0

0.86 16.0

0.88 16.0

0.90 16.0

0.92 16.0

094 16.0

0.96 16.0

0.98 16.0

20.660 29.890
20.660 29.890
20.660 29.890
20.660 29.890
20.660 29.890
20.660 29.890
20.660 29.890
20.660 29.890
20.660 29.890
20.660 29.890
20.660 29.890
20.660 29.890
20.660 29.890
20.660 29.890
20.660 29.890
20.660 29.890
20.660 29ß90
20.660 29.890
20.660 29.890
20.660 29.890
20.660 29.890
20.660 29.890
20.660 29.890
20.660 29.890
20.660 29.890
20.660 29.890
20.660 29.890
20.660 29.890
20.660 29.890
20.660 29.890
20.660 29.890
20.660 29,890
20.660 29.890
20.660 29.890
20.660 29.890
20.660 29.890
20.660 29.890
20.660 29.890

25.568 -23.852

-20.096 137.953
-14.893 137.931
-12.609 137.944
- 10.594 r37.922
-8.864 t37.941
-8.053 137.916

1.314 -23.851
1.384 -23.851
2.126 -23.850

2.886 -23.850
3.638 -23.852
4.490 -23.851

6.298 -23.851
8.904 -23.850

10.912 -23.852
13.075 -23.850

15.118 -23.851

17.037 -23.852
19.126 -23.850
2r.095 -23.851
22.036 -23.850

23324 -23.850

26.875 -23.850
28.561 -23.852
28.561 -23.852
30.326 -23.851
29.935 -23.850
31.032 -23.852
31.257 -23.852

31 .461 -23.85 i
32.396 -23.850

32.662 -23.845

33.517 -23.853
34.108 -23.852

34.534 -23.853

34.960 -23.853
35.320 -23.853
35.768 -23.843

-397.197 37.975 0.0

39s.666 -37.185 0.0
392.244 -36.798 0.0
392.263 -36.556 0.0
392.263 -36.558 0.0
392.234 -36.770 0.0
39s.678 -37.205 0.0
394.769 -37.063 t.0
391.184 46.n3 1.0

391.169 -36.318 1.0

39r.538 -36.427 1.0

391.166 -36.400 1.0

39r.169 -36.482 1.0

391.175 -36.451 1.0

392.169 -36.503 1.0

391.053 -3ó.313 1.0

391.172 -36.433 1.0

390.778 -36.363 1.0

390.822 -36.325 1.0

390.778 -36.357 t.0
391.134 -36.362 t.0
390.822 -36.327 1.0

391.041 -36.312 1.O

390.987 -36.301 1.0

39t.231 -36.492 1.0

391.231 -36.492 t.0
391.191 -36.479 1.0

391.12s -36.372 1.0

391.556 -36.430 1.0

392.237 -36.684 1.0

391.328 -36.5i5 0.0
391.225 -36.524 0.0
391.303 -36.522 0.0
391.384 -36.449 0.0
391.337 -36.517 0.0
391.297 -36.452 0.0
391.756 -36.340 0.0
39t.284 -36.464 0.0
391.334 -36.5i5 0.0

t79 -15.0

180 -15.0

. tgt -ts.o
, tsz -ts.o
: 183 -i5.0
' 

184 - 15.0

185 -15.0

186 -15.0

187 -15.0

188 -15.0

, ISS -tS.O
. tSO -tS.O
, l9t -ts.0
:192 -15.0
i 193 -15.0

r 194 - 15.0

195 -i5.0
,196 -15.0

:197 -15.0

: tSS -tS.O

:199 -15.0

¡200 -i5.0
j20l -15.0
.202 -15.0
,203 -15.0

204 -15.0

205 -r5.0
:206 -15.0

i207 -15.O

izos -rs.o
I'209 -15.0

210 -15.0

21t -t5.0

212 -t5.0
213 -15.0

214 -15.0

215 -15.0

216 -15.O

-80.663

-74.521

-68.699

-64.054
-58.578

-s3.894
10.180

10.246

1o.420

10.610

10.796

tl.020
11.520

12.531

13.086

14.938

16.322

15.585

17.045

19.952

22.304
24.161

24.716
27.503

27.503

29.325

3 1.s96

32.392
34.556
36.782

38.587

41.282

43.20t
45.544

48.623

51.781

55.332

59.283

0.000

0.036

0.005

0.000

0.000

0.000

0.000

0.992
0.992

0.996
0.998

0.999
1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

l 000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

0,988

0.595

0.081

0,001

0.000

0.000

0.000

0.000

0.000

0.000
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217 -15.0

, 218 15.0

219 15.0

;220 1s.o

221 15.0
'222 15.0

223 15.0

224 t5.0
225 15.0

226 15.0

227 15.0

228 15.0

,229 15.0
.z3o t5.0
'23r 15.0
,232 15.0

:233 15.0

,234 r5.0

.235 15.O

:236 15.0

:zZl tS.o

.238 15.0

,239 15.0

t24O 15.0

|zq ßs
242 15.0

243 15.0

244 t5.0
245 15.0

246 t5.0

?47 ls.O

248 1s.0

249 15.0

250 15.0

251 15.0

252 15.0

253 15.0

)_54 15.0

255 15.0

29.890 60.480

29.890 -56.400

29.890 -55.184

29.890 -51.145

29.890 -4:7.529

29.890 -M.417
29.890 -41.710

29.890 10.580

29.890 10.650

29.890 10.850

29.890 I 1.063

29.890 11.279

29.890 1L523
29.890 12.110

29.890 13.170

29.890 13.808

29.890 15.900

29.890 17.503

29.890 16.696

29.890 18.389

29.890 21.845

29.890 24.994
29.890 27.s30
29.890 27.7'11

29.890 31.426

29.890 32.330
29.890 33.699

29.890 37.157
29.890 38.134
29.890 41.355

29.890 44.621

29.890 47.10r
29.890 51.254

29.890 54.0s1

29.890 57.6'79

29.890 62.619

29.890 67.959
29.890 74.068
29.890 81.119

36.420 -23.850

7.319 137 .925
7 .833 137.947

7.56s 137.956

7.4t5 137 .934
7.398 137 .934
6.693 137.922

2.142 -23.851
2.229 -23.851

3.012 -23.850
3.816 -23.851
4.611 -23.852
5.524 -23.851

7.M5 -23.852
10.331 -23.851
12.508 -23.850

15.089 -23.850
17.499 -23.850
19.362 -23.851
21.865 -23.852
24.615 -23.852
26.107 -23.851
27.901 -23.850
32.125 -23.851
34.818 -23.853
36303 -23.849
37.448 -23.851

37.696 -23.8s1

39.200 -23.851
40.209 -23.855
41.366 -23.850

43.338 -23.849
44.845 -23.848
46.870 -23.852
48.829 -23.848
51.116 -23.854

53.451 -23.841
56.365 -23.848
59.896 -23.850

395.597

-401.319
-397.734

-397.850
-397.853
-397.709
-401.325

-401.953

-397.747

-397.706

-398.250

-397.737

-397.713
-397.744

-398.788

-397.531

-397.731

-397.225

-397.197

-397.316

-397.537

-397.250
-397.331

-397.284
-397.625

-397.297

-397.331

-397.312

-397.841

-398.572

-397.697

-397.603
-397.728

-397.753

-397.741

-397.572

-397.841

-397.609

-397.638

-37.313 0.0 0.000

37.353 0.0 0.000
37.787 0.0 0.000
37.859 0.0 0.000
37.866 0.0 0.000

37.817 0.0 0.000
37.368 0.0 0.000
37.478 1.0 0.999
37.840 1.0 0.999
37.913 1.0 0.999
37.997 L0 1 000
37.958 1.0 I .000

37.874 1.0 1.000

37.886 1.0 1.000

37.760 t.0 1.000

38.083 1.0 1.000

37.929 1.0 1.000

37.971 1.0 0397
37.975 1.0 1.000

37.914 1.0 0.999
38.087 1.0 0.997

37.945 1.0 0.976
37.942 1.0 0.954
37.918 1.0 1.000

37.953 1.0 1.000

38.006 1.0 1.000

37.966 1.0 0.999
37.961 1.0 0.977
37.779 1.0 0.916
37.917 0.0 0.510

37.870 0.0 0.013

38.024 0.0 0.001

37.877 0.0 0.000

37.839 0.0 0.000

37.875 0.0 0.000
37.978 0.0 0.000
37.798 0.0 0.000

38.021 0.0 0.000
37.946 0.0 0.000

1.00 16.0 20.660

-0.10 16.0 20.660
-0.08 16.0 20.660
-0.06 16.0 20.660
-0.04 16.0 20.660
-0.02 16.0 20.660

0.00 16.0 20.660
0.00 16.0 20.660
0.02 16.0 20.660

0.04 16.0 20.660
0.06 16.0 20.660
0.08 16.0 20.660

0.10 16.0 20.660
0.15 16.0 20.660
o.20 16.0 20.660
0.25 16.0 20.660
0.30 16.0 20.660
0.35 16.0 20.660

0.40 16.0 20.660
0.45 16.0 20.660
0.50 16.0 20.660
0.55 16.0 20.660
0.60 i6.0 20.660
0.65 16.0 20.660
0.70 16.0 20.660
0.72 16.0 20.660
0.74 16.0 20.660

0.76 16.0 20.660
0.78 1ó.0 20.660
0.80 16.0 20.660
0.82 16.0 20.660
0.84 16.0 20.660
0.86 16.0 20.660
0.88 16.0 20.660
0.90 16.0 20.660
0.92 16.0 20.660

0.94 16.0 20.660
0.96 16.0 20.660
0.98 16.0 20.660



Appenilix D

256 15.0 1.00 16.0 20.660 29.890 83.197 61.t57 -23.857 _401.831 37.539 0.0 0.000

1 -25.0 -0.10 6.0

: 2 -25.0 -0.08 6.0

: Z -ZS.O -O.OA 6.0
: 4 -25.O -0.04 6.0

' s -25.0 -o.oz 6.0
6 -25.0 0.00 6.0
7 -25.O 0.00 6.0

8 -25.0 0.02 6.0
9 -25.O 0.04 6.0

. 10 -25.0 0.06 6.0
lt -25.0 0.08 6.0

: t2 -25.0 0.10 6.0
13 -25.0 0.15 6.0

, t4 -25.0 0.20 6.0
. 15 -25.0 0.25 6.0
. t6 -25.0 0.30 6.0

, t7 -25.0 0.35 6.0

, is -zs.o 0.40 6.0
: 19 -25.O 0.45 6.0

.20 -25.0 0.50 6.0
,21 -25.0 0.55 6.0
i 22 -25.O 0.60 6.0

123 -25.0 0.65 6.0
.24 -25.0 0.70 6.0
, 25 -25.0 0.72 6.0

,26 -25.0 0.74 6.0

,27 -25.O 0.76 6.0

:zs -zs.o 0.78 6.0

':29 -25.0 0.80 6.0

i30 -25.0 0.82 6.0
131 -25.0 0.84 6.0

'32 -25.0 0.86 6.0
,33 -25.0 0.88 6.0
',34 -25.0 0.90 6.0

35 -25.0 0.92 6.0
36 -25.0 0.94 6.0

37 -25.0 0.96 6.0

38 -25.O 0.98 6.0

20.660 29.890 -28.009 _11.099

20.660 29.890 -27.263 -10.020
20.660 29.890 -24.617 _8.390

20.660 29.890 -22.45s -6.918
20.660 29.890 -20.581 -5.604
20.660 29ß90 -19.027 -5.111

20.660 29.890 3.841 0.837
20.660 29.890 3.887 0.911
20.660 29.890 3.964 1.640
20.660 29.890 4.046 2.391
20.660 29.890 4.121 3.143
20.660 29.890 4.227 3.988
20.660 29.890 4.422 5.788
20.660 29.890 5.009 8.358
20.660 29.890 5.174 10.324
20.660 29.890 6.507 12.630
20.660 29.890 7.338 14.758
20.660 29.890 6.174 16.328
20.660 29.890 7.025 18.484
20.660 29.890 9.106 20.794
20.660 29.890 t0.392 22.286
20.660 29.890 11.231 23.873
20.660 29.890 11.058 26.728
20.660 29.890 12.375 28.725

20.660 29.890 12.601 29.677
20.660 29.890 13.020 30.456
20.660 29.890 14.012 30.947
20.660 29.890 14.577 31.724
20.660 29.590 15.445 32.474
20.660 29.890 16.347 33.052
20.660 29.890 16.957 34.092
20.660 29.890 18.129 34.613
20.660 29.890 18.816 35.641
20.660 29.890 19.785 36.451
20.660 29.890 21.023 37.164
20.660 29.890 22.342 37.926
20.660 29.890 23.799 38.623
20.660 29.890 25.398 39.437

t37.928 238.316
137.925 236.066
137.909 236.003
137.925 236.003
137.928 236.100
137.925 238.306
-23.855 237.947
-23.853 235.500
-23.855 235.497
-23.855 235.869
-23.856 235.491
-23.857 235.509
-23.858 235.503
-23.861 236.131

-23.864 235.441
-23.863 235.447
-23.864 235.409
-23.868 235.365
-23.866 235.409
-23.865 235.459
-23.858 235.391
-23.855 235.428
-23.862 235.375
-23.860 235506
-23.860 235.481
-23.861 235.462

-23.856 235.462
-23.854 235.947
-23.853 236.200
-23.855 235.644
-23.85t 235.531
-23.851 235.64'1

-23.851 235.675
-23.852 235.638
-23.852 235.606
-23.856 235.953
-23.850 235.622
-23.852 235.634

-5.s95 0.0 0.000
-5.1 18 0.0 0.000
-s. 133 0.0 0.000
-5.134 0.0 0.000
-5.128 0.0 0.000
-5.574 0.0 0.000
-5.016 1.0 1.000

-5.108 1.0 1.000

-5.143 1.0 1.000

-5.086 1.0 l 000
-5.151 1.0 1.000

-5.093 1.0 1.000

-5.108 I .0 1.000

-5. 105 I .0 I .000

-5.083 1.0 I .000
-5.1i1 1.0 1.000

-5. 134 I .0 I .000

-5.137 1.0 1 .000
-5.135 1.0 1.000

-5.115 L0 l 000
-5. 148 1.0 1 .000
-5.111 1.0 1.000

-5.120 1.0 1.000

-s.078 1.0 I .000
-5.122 1.0 1.000

-s.104 1.0 1.000

-5.i05 1.0 L000
-5.l 28 1.0 0.999
-5.060 1.0 0.986
-5.042 0.0 0.883
-5.066 0.0 0.239
-5.029 0.0 0.047
-4.998 0.0 0.004
-5.047 0.0 0.000
-5.080 0.0 0.000
-5.089 0.0 0.000
-5.011 0.0 0.000
-5.048 0.0 0.000
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39 -25.0 1.00 6.0

, 40 -25.0 0.40 0.0

', 4t -25.0 o.4o o.z
: 42 -25.O 0.40 O.4

', 43 -25.0 o.4o 0.6
44 -25.O 0.40 0.8

' 45 -25.0 0.40 1.0

' 46 -25.0 0.40 1.2

47 -25.0 0.40 1.4

48 -25.0 0.40 1.6
' 49 -25.0 0.40 1.8

50 -25.0 0.40 2.0
, 51 -25.0 0.40 2.5
: 52 -25.O 0.40 3.0

53 -2s.0 0.40 3.5
', 54 -25.0 0.40 4.0
, s5 -25.0 0.40 6.0

, 56 -25.0 0.40 8.0

. 57 -25.0 0.40 10.0

, 58 -25.0 0.40 12.0

, 59 -25.O 0.40 14.0

, 60 -25.0 0.40 16.0

: 6l -25.0 0.40 18.0
: 62 -2s.0 o.4o 18.5

: øt -zs.o 0.40 19.0
'64 -25.O 0.40 19.2

.65 -25.0 0.40 19.4

66 -25.O 0.40 19.6
. 67 -25.0 0.40 19.8

: 68 -25.0 0.40 2O.O

;69 -25.0 0.4O 20.2

i70 -25.0 0.40 20.4
;71 -25.0 0.40 20.6
,72 -25.0 0.40 20.8

:73 -25.O 0.40 21.0

74 -25.0 0.40 2t.5
75 -25.0 0.40 22.0

76 -25.0 0.40 22.s

77 -25.0 0.40 23.0

20.660 29.890 25.923

20.660 29.890 0.492
20.660 29.890 0.683
20.660 29.890 0.879
20.660 29.890 1.074
20.660 29.890 r.268
20.660 29.890 1.462

20.660 29.890 1.656

20.660 29.890 1.848

20.660 29.890 2.041
20.660 29.890 2.232
20.660 29.890 2.424
20.660 29.890 2.901
20.660 29.890 3.375
20.660 29.890 3.846
20.660 29.890 4.315
20.660 29.890 6.174
20.660 29.890 8.006
20.660 29.890 9.811
20.660 29.890 i 1.589

20.660 29.890 13.340
20.660 29.890 15.065

20.660 29.890 16.764

20.660 29.890 t7.184
20.660 29.890 17.603
20.660 29.890 17.769

20.660 29,890 17.931

20.660 29.890 18.103

20.660 29.890 t8.269
20.660 29,890 18.436

20.660 29.890 18.603

20.660 29.890 t8.767
20.660 29.890 18.934
20.660 29.890 19.097

20.660 29.890 t9.263
20.660 29.890 19.674

20.660 29.890 20.084
20.660 29.890 20.492
20.660 29.890 20.891

40.271 -23.847 238.109

16.222 -23.875 235.365
16.228 -23.878 235.36s
16.235 -23.880 235.365
t6.24t -23.883 235.365
16.247 -23.885 235.365
16.252 -23.888 235.365
16.256 -23.888 235.365
16.260 -23.887 235.365
16.264 -23.890 235.365
16.268 -23.889 235.365
16.272 -23.890 235.365
16.281 -23.889 235.365
16.289 -23.887 23s.365
16.295 -23.882 235.36s
16.302 -23.879 235.365
16.328 -23.868 235.365
t6.354 -23.860 235.365
16.378 -23.855 235.365
16.399 -23.854 235.365
16.4t7 -23.851 235.365
16.433 -23.850 235.36s
16.446 -23.852 235.365
16.447 -23.849 235.365
16.452 -23.849 235.365
16.454 -23.851 235.365
16.454 -23.851 235.36s
t6.455 -23.849 235.365
t6.456 -23.850 23s.365
16.456 -23.851 23s365
t6.456 -23.850 235.36s
16.458 -23.851 235.365
16.458 -23.851 235.365
t6.460 -23.850 235.365
16.461 -23.851 235.365
16.463 -23.850 235.365
16.464 -23.850 235.365
16.465 -23.850 235.365
t6.467 -23.850 235.365

-5.051 0.0 0.000

-5.137 1 .0 1.000

-5.137 1 .0 1.000

-5.137 1.0 1.000

-5.137 1.0 1.000

-5.137 1.0 1.000

-5.137 1.0 1.000

-5.137 1 .0 1.000

-5.137 1.0 1.000

-5.137 I .0 1.000

-5.137 1.0 1.000

-5.137 1.0 1.000
-5.137 1.0 1.000

-5.137 1.0 1.000

-5. 137 1 .0 I .000
-5.137 1.0 1.000

-5.137 1.0 1.000

-5. i37 1.0 1.000

-5.137 i.0 1.000

-5.137 1 .0 1.000

-5.r37 1.0 1.000

-5.137 1.0 1.000

-5.137 1.0 1.000

-5.137 1.0 1.000

-5.137 I .0 1.000

-5.137 L0 1.000

-5.137 1.0 0.999
-5.137 L0 0.999
-5.137 1.0 0.998
-5.137 1.0 0.996
-5.137 0.0 0.993
-5.137 0.0 0.987
-s.137 0.0 0.978
-5.137 0.0 0.962
-5.r37 0.o 0934
-5.t37 0.0 0.778
-5.137 0.0 0.465
-5.137 0.0 0.180
-5.137 0.0 0.054



Appendix D

78 -25.0

: 79 -25.0

80 -25.0

, 8l -25.0
': 82 -25.0
: 83 -25.0

84 -25.0

85 -25.0

86 -25.0

87 -25.0

88 -25.0

89 -2s.0

, 90 25.0

: 91 25.0

:92 25.0

, 93 25.0

:94 25.O

,95 25.0
, 96 25.0
: 97 2s.o
I 98 25.0

,gg 25.0

:100 25.0

i101 25.0

t102 25.0
'103 25.0

104 25.0

105 25.0

,106 25.0
)107 25.0

;108 2s.0
:J09 25.0

ìl l0 25.0
:lll 25.0
.112 25.0
:

:ll3 25.0

114 25.0

115 25.0

116 25.0

0.40 23.5

0.40 24.0

0.40 24.5

0.40 25.0

0.40 26.0

0.40 28.0

0.40 30.0

0.40 32.0

0.40 34.0

0.40 36.0

0.40 38.0

0.40 40.0

-0.10 6.0

-0.08 6.0
-0.06 6.0
-0.04 6.0

-0.02 6.0

0.00 6.0

0.00 6.0

0.02 6.0

0.04 6.0

0.06 6.0

0.08 6.0

0. 10 6.0

0. 15 6.0

0.20 6.0

0.25 6.0

0.30 6.0

0.35 6.0

0.40 6.0

0.45 6.0

0.50 6.0

0.55 6.0

0.60 6.0

0.65 6.0

0.70 6.0

0.72 6.0

0.74 6.0

016 6.0

20.660 29.890
20.660 29.890
20.660 29.890
20.660 29.890
20.660 29.890
20.660 29.890
20.660 29.890
20.660 29.890
20.660 29.890
20.660 29.890
20.660 29.890
20.660 29.890

16.468 -23.852
t6.468 -23.851
16.470 -23.849
16.470 -23.851
16.472 -23.850
16.473 -23.851

16.467 -23.849
16.464 -23.850

16.459 -23.8s0

16.448 -23.849
16.438 -23.851

16.426 -23.851

2.763 137950
3.434 137.94t
3.608 137.931

3.840 137.922

4.144 137.9t9
3.754 137922
1.289 -23.853
1.371 -23.853
2.119 -23.854
2.891 -23.854
3.664 -23.854
4.540 -23.855
6.391 -23.855

9.124 -23.857

11.155 -23.858

13.813 -23.858

16.212 -23.858

17.493 -23.860

19.928 -23.857

22.959 -23.856
24.947 -23.854
26.902 -23.853
29.868 -23.853
32.542 -23.854
33.669 -23.853

34.694 -23.855
35.726 -23.851

23s.365
235.365

235.365
235.365

23s.365
235.365

235.365
235.365

235.365
235.365
235.365

235.365

-236.409

-234.297

-234.216
-234.213

-234.303

-236.406
-236.619
-234.156
-234.087

-234.409

-234.087

-234.150

-234.122

-234.722

-233.9s6
-234.044

-233.825
-233.825

-233.803
-233.988

-233.822

-233.828
-233.822

-233.962

-233.959

-233.941

-233.941

21.304
21.707

22.108
22.509

23.305

24.881

26.434

27.965

29.472

30.958

32.426

33.870

20.660 29.890 -21.639
20.660 29.890 -21.142
20.660 29.890 -19.532
20.660 29.890 -18.098

20.660 29.890 -16.871
20.660 29.890 -15.790

20.660 29.890 3.907
20.660 29.890 3.948
20.660 29.890 4.0s1

20.660 29.890 4.160
20.660 29ß90 4.272
20.660 29.890 4.395
20.660 29.890 4.697

20.660 29.890 5.281
20.660 29.890 5.544
20.660 29.890 6.978
20.660 29.890 1.933
20.660 29.890 6.925
20.660 29.890 7.914
20.660 29.890 10.196

20.660 29.890 1932
20.660 29.890 t3.199
20.660 29.890 12.805

20.660 29.890 14.486

20.660 29.890 14.708

20.660 29.890 15.267

20.660 29.890 t6.648

-5.137 0.0 0.015
-5.r37 0.0 0.004
-5.137 0.0 0.001

-5.137 0.0 0.000
-5.137 0.0 0.000
-5.137 0.0 0.000
-5.137 0.0 0.000
-5.137 0.0 0.000
-5.137 0.0 0.000
-5.137 0.0 0.000
-5.137 0.0 0.000
-5.137 0.0 0.000

39.13i 0.0 0.000

39.587 0.0 0.000
39.580 0.0 0.000
39.581 0.0 0.000

39.s87 0.0 0.000
39.138 0.0 0.000

39.782 1.0 1.000

39.598 1.0 1.000

39.629 1.O 1.000

39.573 1.0 1.000

39.622 1.0 1.000

39.592 1.O 1.000

39.592 1.0 1.000

39.653 1.0 1.000

39.546 1.0 1.000

39.s63 1.0 1.000

39.549 1.0 1.000

39.544 1.0 1.000

39.521 1.0 1.000

39.541 1.0 1.000

39.524 1.0 I .000

39.507 1.0 1.000

39.525 1.O 1.000

39.536 1.0 1.000

39.563 1.0 1.000

39.529 1.0 1.000

39.525 1.0 1.000
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117 25.0

118 25.0

119 25.O

120 25.0

.121 25.0

122 25.0
: 123 25.0

124 25.0

125 25.O

126 25.0

t27 25.0

128 25.O

129 25.0
,130 25.0

.131 25.0

.132 25.0

.133 25.0
'134 

25.0
'135 25.0

,tZø ZS.O

,137 25.0
i138 25.0
.139 25.0

:140 25.0

t4 zs.o
'142 25.0

143 25.0

144 25.0
;145 25.0

146 25.0
:147 25.O
ijt48 25.0

't49 25.0

iso zs.o
t5r 25.0

t52 25.0

t53 25.0

154 25.0

155 25.0

0.78 6.0

0.80 6.0

0.82 6.0
0.84 6.0

0.86 6.0

0.88 ó.0

0.90 6.0

0.92 6.0

0.94 6.0

0.96 6.0

0.98 6.0

1.00 6.0

0.40 0.0

0.40 0.2

0.40 0.4
0.40 0.6

0.40 0.8

0.40 1.0

0.40 1.2

0.40 t.4
0.40 1.6

0.40 1.8

0.40 2.o

0.40 2.5

0.40 3.0

0.40 3.5

0.40 4.0

0.40 6.0

0.40 8.0
0,40 10.0

0.40 12.0

0.40 14.0

0.40 16.0

0.40 18.0

0.40 18.5

0.40 19.0

0.40 19.2

0.40 19.4

0.40 19.6

20.660 29.890
20.660 29.890
20.660 29.890
20.660 29.890
20.660 29.890
20.660 29.890
20.660 29.890
20.660 29.890
20.660 29ß90
20.660 29.890
20.660 29.890
20.660 29.890

36.800 -23.853
38.088 -23.853
39.273 -23.850

40.817 -23.849

42.205 -23.849
43.754 -23.848
45.344 -23.851
47.089 -23.846
48.969 -23.848
s1.052 -23.852
53.469 -23.850

54.708 -23.846

1ó.039 -23.865
16.086 -23.867

r6.t33 -23.870
16.181 -23.869
16.230 -23.872

16.277 -23.873
t6.324 -23.873
16.372 -23.875
16.419 -23.873
16.467 -23.874
16.514 -23.874
16.633 -23.873
16.753 -23.871
16.874 -23.869
16.995 -23.867

t7.493 -23.860
18.013 -23.856
18.552 -23.851
19. 115 -23.852

19.698 -23.853
20.304 -23.851
20.928 -23.850
21.089 -23.850

21.252 -23.849
2t.316 -23.851
21.384 -23.850
21.447 -23.849

-234.284
-234.663

-234.138

-233.997

-234.062

-234.125

-234.044

-234.000
-234.294

-234.000

-234.050

-236.581

-233.825

-233.825
-233.825
-233.825

-233.825

-233.825
-233.825

-233.825
-233.825

-233.825
-233.825
-233.825
-233.825

-233.825
-233.825

-233.825

-233.825
-233.825

-233.825

-233.825
-233.825
-233.825

-233.825

-233.825
-233.825
-233.825

-233.825

20.660 29.890 1.291
20.660 29.890 1.473

20.660 29ß90 1.660
20.660 29.890 1.846

20.660 29.890 2.033
20.660 29.890 2.219
20.660 29.890 2.406
20.660 29.890 2.593
20.660 29.890 2.779
20.660 29.890 2.965
20.660 29.890 3.151

20.660 29.890 3.618
20.660 29.890 4.087
20.660 29.890 4.556
20.660 29.890 5.026
20.660 29.890 6.925
20.660 29.890 8.8s3
20.660 29.890 10.810

20.660 29.890 12.797

20.660 29.890 t4.812
20.660 29.890 16.8s5

20.660 29.890 18.929

20.660 29.890 19.453

20.660 29.890 19.976

20.660 29.890 20.188
20.660 29.890 20.398
20.660 29.890 20.609

39.589 1.0 1.000

39.637 r.0 0.999
39.511 0.0 0.992
39.496 0.o 0.854
39.539 0.0 0.322
39.520 0.0 0.018
39.526 0.0 0.001

39.521 0.0 0.000
39.629 0.0 0.000
39.506 0.0 0.000
39.525 0.0 0.000
39.772 0.O 0.000

39.544 1.0 1.000

39.544 1.0 1.000

39.544 1.O 1.000

39.544 1.O 1.000

39.544 1.0 1.000

39.544 1.0 1.000

39.544 1.0 l 000
39.544 1.0 1.000

39.544 r.0 1.000

39.544 1.0 1.000

39544 1.0 l 000
39.544 1.0 1.000

39.544 1.0 1.000

39.544 1.0 1.000

39.544 1.0 1.000

39.544 1.0 1.000

39.544 1.0 1.000

39.544 1.0 1.000

39.544 1.0 1.000

39.544 1.0 1.000

39.544 t.0 1.000

39.544 1.0 0.99s
39.544 1.0 0.986
39.544 t.0 0.961
39.544 r.0 0942
39.544 1.0 0.916
39.544 1.0 0.879

17.432

l 8.619

19.748

20.391

21.982
22.770

23.985

25.562

27.381

29.198

31.209

31.995



Appenilìx

, 156 25.0

157 25.0
, i58 25.0
, 159 2s.0
: 160 25.0

. 161 25.0
t 162 z5.o
', 163 25.0
' 

164 25.0

165 25.0

166 25.0

t67 25.0

'168 25.0

,169 25.0
| 170 25.0

,171 25.0

172 25.0

.173 25.0
,174 25.0
',175 

25.0

.176 25.0
:177 25.0

: 178 25.0

:

:179 -25.0

itgo -zs.o

181 -25.0

182 -25.0

,183 -25.0

184 -25.0

il85 -25.0

,tSO -ZS.Oj
,:187 -25.0
jtSS -ZS.O

189 -25.0

:190 -25.0
tlg| -25.0

r92 -25.0

t93 -25.0

t94 -25.0

0.40 19.8

0.40 20.0

0.40 20.2

0.40 20.4

0.40 20.6

0.40 20.8

0.40 21.0

0.40 2r.5
0.40 22.0

0.40 22.5

0.40 23.0

o.40 23.5

0.40 24.0

0.40 24.5

0.40 25.0

0.40 26.0

0.40 28.0

0.40 30.0

0.40 32.0

0.40 34.0

0.40 36.0

0.40 38.0

0.40 40.0

-0.l0 16.0

-0.08 16.0

-0.06 16.0

-0.04 16.0

-0.02 16.0

0.00 16.0

0.00 16.0

o.02 16.0

0.04 16.0

0,06 16.0

0.08 16.0

0.10 16.0

0.15 16.0

0.20 16.0

0.25 16.0

0.30 16.0

21.515 -23.853
2t.579 -23.851
2r.646 -23.848
21.714 -23.848
21.782 -23.851
21.847 -23.851
2t.915 -23.850

22.085 -23.852
22.256 -23.851
22.426 -23.848
22.602 -23.850

22.776 -23.851
22.955 -23.850
23.135 -23.850
23.316 -23.850
23.683 -23.852
24.436 -23.852
25.215 -23.851
26.025 -23.851
26.864 -23.852
27.734 -23.851
28.638 -23.851
29.572 -23.848

-32.472 137.906
-30.628 137.913
-25.735 137.934
-21.712 137 .928
-18.457 137.931
-16.390 137.922

r.094 -23.851

1.160 -23.851
1.891 -23.8s0
2.639 -23.851

3.381 -23.851
4.216 -23.851
5.996 -23.850
8.524 -23.849
10.488 -23.851
12.552 -23.85r

238.316 -5.595

236.066 -5.118

236.003 -5.133

236.003 -5.134
236.100 -5.128
238.306 -5.574

237.947 -5.016

235.500 -5.108

235.497 -5.143

235.869 -5.086

235.491 -5.151

235.509 -5.093

235.503 -5.108

236.13t -5.105

235.441 -5.083

235.447 -5.111

0.0 0.000

0.0 0.000

0.0 0.000

0.0 0.000

0.0 0.000

0.0 0.000

1.0 0.975

1.0 0.974

1.0 0.987

1.0 0.994
1.0 0.997

1.0 0.999

1.0 1.000

I .0 1.000

1.0 l .000

r.0 1.000

20.660 29.890 20.823
20.660 29.890 21.034
20.660 29.890 21.244
20.660 29.890 21.455
20.660 29.890 21.668
20.660 29.890 21.883

20.660 29.890 22.095
20.660 29.890 22.631
20.660 29.890 23.165
20.660 29.890 23.704
20.660 29.890 24.24s
20.660 29.890 24386
20.660 29.890 25.330
20.660 29.890 25.875
20.660 29.890 26.423

20.660 29.890 27.526
20.660 29.890 29.753
20.660 29.890 32.011
20.660 29.890 34.304
20.660 29.890 36.630
20.660 29.890 38.987
20.660 29.890 41.378
20.660 29.890 43.803

20.660 29.890 -89.493

20.660 29ß90 -86.979
20.660 29.890 -17.491
20.660 29.890 -69.583

20.660 29.890 -63.14r
20.660 29.890 -57.69t
20.660 29.890 9.984
20.660 29.890 10.050

20.660 29.890 10.217

20.660 29.890 10.398

20.660 29.890 10.567

20.660 29.890 10.780

20.660 29.890 |.241
20.660 29.890 t2.218
20.660 29.890 12.733

20.660 29.890 14.484

-233.825 39.544 1.0 0.830
-233.825 39.544 1.0 0.76s
-233.825 39.544 0.0 0.688
-233.825 39.544 0.0 0.598
-233.825 39.s44 0.0 0.502
-233.825 39.544 0.0 0.403
-233.825 39.544 0.0 0.314
-233.825 39.544 0.0 0.148
-233.825 39.s44 0.0 0.062
-233.825 39.544 0.0 0.025
-233.825 39.544 0.0 0.010
-233.825 39.544 0.0 0.004
-233.825 39.544 0.0 0.002
-233.825 39.544 0.0 0.001
-233.825 39.544 0.0 0.000
-233.825 39.544 0.0 0.000
-233.825 39.544 0.0 0.000
-233.825 39.544 0.0 0.000
-233.825 39.544 0.0 0.000
-233.825 39.544 0.0 0.000
-233.825 39.544 0.0 0.000
-233.825 39.544 0.0 0.000
-233.825 39.544 0.0 0.000
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195 -25.0
, 196 -25.0
, 197 -25.0

, 198 -25.0

I 199 -25.0
'.200 -25.0
, 201 -25.0

202 -25.0

203 -25.0

204 -25.0

205 -25.0
:206 -25.0

207 -25.O

,208 -25.0
,209 -25.0

2to -25.0

2tr -25.0
'212 -25.0

2t3 -25.0

:214 -25.0
,.215 -25.0

,216 -25.0

.217 -25.0
:

.,218 25.0

lztg zs.o
220 25.0

221 25.0

,222 25.0
':223 

25.0

i224 25.0

?2s 2s.0
iza zs.o

227 25.0
'228 

25.0

229 25.0
'230 25.0

231 25.O

232 25.0

233 25.0

0.35 16.0

0.40 16.0

0.45 16.0

0.50 16.0

0.55 16.0

0.60 16.0

0.65 16.0

0.70 16.0

0.72 16.0

0.74 16.0

0.76 16.0

0.78 16.0

0.80 i6.0
0.82 16.0

0.84 16.0

0.86 16.0

0.88 16.0

0.90 16.0

0.92 16.0

0.94 16.0

0.96 16.0

0.98 16.0

1.00 16.0

-0. 10 16.0

-0.08 16.0

-0.06 16.0

-0.04 16.0

-0.02 16.0

-0.00 16.0

0.00 16.0

0.02 16.0

0.04 16.0

0.06 16.0

0.08 16.0

0.10 16.0

0. l5 I 6.0

0.20 16.0

0.25 16.0

0.30 16.0

20.660 29.890
20.660 29.890
20.660 29.890
20.660 29.890
20.660 29.890
20.660 29.890
20.660 29.890
20.660 29.890
20.660 29.890
20.660 29.890
20.660 29.890
20.660 29.890
20.660 29.890
20.660 29.890
20.660 29.890
20.660 29.890
20.660 29.890
20.660 29.890
20.660 29.890
20.660 29.890
20.660 29.890
20.660 29.890
20.660 29.890

14.508 -23.850

16.433 -23.850

18.422 -23.851
20.225 -23.853
21.084 -23.85r
22.287 -23.849
25.635 -23.851

27.137 -23.850

28.093 -23.851

28.722 -23.848
28.278 -23.849
29.291 -23.851
29.414 -23.851

29.487 -23.851
30.255 -23.848
30370 -23.851

31.052 -23.850
31.477 -23.848
31.692 -23.853

31.935 -23.854

32.042 -23.845
32.212 -23.842

32.818 -23.850

11.020 137.947

n.466 137 .941
11.002 137.913

r0.653 137.925

10.454 t37.922

9.s90 137.919

2.469 -23.851

2.563 -23.850

3.363 -23.850

4.185 -23.852
4.997 -23.85r
5.934 -23.850

7.904 -23.850

10.897 -23.852
13.144 -23.851
15.905 -23.849

235.409

235.365
235.409
235.459

235.391

235.428

235.375

235.506

235.481

235.462

235.462

235.947

236.200

23s.644
235.531

235.647

235.675

235.638
235.606

235.953
235.622

235.634

238.r09

-236.409
-234.297

-234.216

-234.213

-234.303
-236.406

-236.619
-234.r56
-234.087

-234.409

-234.081

-234.t50
-234.122

-234.722

-233.956
-234.044

20.660 29.890 -50.006

20.660 29.890 -48.993

20.660 29.890 -45.727

20.660 29.890 -42.773

20.660 29.890 -40.204
20.660 29.890 -37.963
20.660 29.890 10.638

20.660 29.890 10.708

20.660 29.890 10.910

20.660 29.890 ll.l30
20.660 29.890 I 1.350

20.660 29.890 1r.s97
20.660 29.890 12.206

20.660 29.890 13.251

20.660 29.890 13.903

20.660 29.890 16.035

-5.134 1.O 1.000

-5.137 1.0 1.000

-5.135 1.0 1.000
-5.115 1.0 1.000

-5. 148 I .0 I .000

-5.111 1.0 1.000

-5.120 1.0 1.000

-5.078 1.0 1 .000
-5.122 1.0 1.000

-5.i04 L0 0.997
-s.105 1.0 0.959
-5.128 1.0 0.827
-5.060 0.0 0.143
-5.042 0.0 0.004
-5.066 0.0 0.000
-5.029 0.0 0.000
-4.998 0.0 0.000
-5.047 0.0 0.000
-5.080 0.0 0.000
-5.089 0.0 0.000
-5.071 0.0 0.000
-5.048 0.0 0.000
-5.051 0.0 0.000

39.131 0.0 0.000
39.s87 0.0 0.000
39.580 0.0 0.000
39.581 0.0 0.000
39.587 0.0 0.000
39.138 0.0 0.000
39.782 t.0 0.993
39.598 1.0 0.993
39.629 1.0 0996
39.s73 r.0 0.998

39.622 1.0 0999
39.592 1.0 1.000

39.592 1.0 1.000

39.653 1.0 1 .000

39.546 1.0 1.000

39.563 1.0 1.000

15.777

15.065

16.426

19.124

21.226

22.873
)? LLO

25.946

26.672

27.59r
29.536

30.260
32.129

34.059
35.639

37.951

39.600

41.592
44.183
46.807

49.743

52.972

53.974



Appendìx D

234 25.0
, 235 25.0
, 236 25.0
. 237 25.O

;238 25.0

:239 25.O

,240 25.0

241 25.O

242 25.0

243 25.0

244 25.0

'245 25.O

246 25.0
,247 25.0
)248 25.0
t24g 

25.0

:250 25.0
,251 25.0

,252 25.0
.253 25.O

:254 25.0

:255 25.0
,256 25.0

;

j

0.35 16.0

0.40 16.0

0.45 16.0

0.50 16.0

0.55 16.0

0.60 16.0

0.65 16.0

o.70 r6.0
0.72 16.0

0.74 16.0

0.76 16.0

0.78 16.0

0.80 16.0

o.82 16.0

0.84 16.0

0.86 16.0

0.88 16.0

0.90 16.0

0.92 16.0

o.94 16.0

0.96 16.0

0.98 16.0

1.00 16.0

18.477 -23.850
20.304 -23.851
22.989 -23.853
26.109 -23.851

27.927 -23.850

30.013 -23.850

34.456 -23.850

37.697 -23.851
39.377 -23.852
40.756 -23.852
4t.481 -23.850

43.183 -23.847

44.734 -23.851
46.542 -23.852
49.128 -23.849
51.537 -23.850

54.315 -23.850

57 .261 -23.851

60.957 -23.848

64.907 -23.847

69.987 -23.856
76.296 -23.853

78.149 -23.857

39.549 1.0 1.000

39.544 1.0 1.000

39.521 t.0 0.999
39.541 1.0 0.993
39.524 1.0 0.948
39.507 1.0 0.920
39.525 1.0 1.000

39.536 1.0 0.999
39.563 1.0 0.998
39.529 1.0 0.995
39.525 1.0 0.954
39.589 1.0 0.859
39.637 0.0 0.182
39.51 l 0.0 0.003

39.496 0.0 0.000
39.539 0.0 0.000
39.520 0.0 0.000
39.52ó 0.0 0.000
39.521 0.0 0.000
39.629 0.0 0.000
39.506 0.0 0.000
39.525 0.0 0.000
39.772 0.0 0.000

20.660 29.890 17.681

20.660 29.890 16.855

20.660 29.890 18.s93

20.660 29.890 22.165
20.660 29.890 25.560
20.660 29.890 28.312
20.660 29.890 28.332
20.660 29.890 32.205
20.660 29.890 33.095
20.660 29.890 34.543
20.660 29.890 38.414
20.660 29.890 39.417
20.660 29.890 42.978
20.660 29.890 46.548
20.660 29.890 49.145
20.660 29.890 53.750
20.660 29.890 56.731
20.660 29.890 60.698
20.660 29.890 ó6.t51
20.660 29.890 72.158
20.660 29.890 78.946
20.660 29.890 86.735
20.660 29.890 89.142

-233.825

-233.825
-233.803
-233.988

-233.822

-233.828

-233.822

-233.962

-233.959
-233.941

-233.941

-234.284
-234.663

-234.138
-233.997

-234.062

-234.125

-234.044
-234.000
-234.294

-234.000
-234.050
-236.581



Appenllix t84

PART B : IRAINING, TESTING AND RIJNNING PAITERNS
FOR NONLINEAR ARCING EAIJLT RESISTäNCE MODEL

TBAI¡UNC--çASES
f = 2,22/'08 lsl = 0.0521562

error = 0.146159 cost = l,37tí7

;iË
Xso Rr,"u, Xr,"r, &t åxIR1xntxstvFNo. ô

: I -30.0
, 2 -30.0

: 3 -30.0
- 4 -30.0
, 5 -30.0
. 6 -30.0
', 7 -30.O

: 8 -30.0

; 9 -30.0

ì 10 -30.0
:: i I -30.0
': 12 -30.0

i l3 -30.0

t+ -:O.O

: l5 -30.0

16 -30.0

17 -30.0

. 18 -30.0

¡ 19 -30.0
:

i 20 -30.0

: 2l -30.0

:22 -30.0

23 -30.0
'24 -30.0

25 -10.0

26 -10.0

27 -10.0

28 -10.0

0.01

0.01

0.01

0.09

0.09

0.09

0.01

0.01

0.01

0.09

0.09

0.09

0.01

0.01

0.01

0.09
oôo
0.09

0.01

0.01

0.01

0.09

0.09

0.09

0.01

0.01

0.01

0.09

18.446

18.446

18.446

18.446

18.446

18.446

18.446

18.446

18.446

18.446

t8.446
18.446

26.157

26.157

26.157

26.157

26.157

26.157

26.157

26.157

26.157

26.157

26.157

26.t57
18.446

t8.446

18.446

18.446

0.1

0.5

0.7

0.1

0.5

0.7

0.1

0.5

0.1

0.1

0.5

0.7

0.1

0.5

o.l
0.1

0.5

0.7

0.1

0.5

0.1

0.1

0.5

0.7

0.1

0.5

0.7

0.1

25.904 0.331

25.904 3.032
25.904 3.824
25904 2.358
25.904 7.263
25.904 9.235
31.189 0.337

31.189 3.051

31.189 3.864
31.189 2.375

31.189 7.316
31.189 9.331
2s.904 0.350
25.904 3.083

25.904 3.889
25.904 2.653
25.904 7.656
25.904 9.677
31. 189 0.352

31.189 3.100

31.189 3.923

31.r89 2.671

31.189 7.698
3 i.189 9373
2s.904 0.380
25904 3.40r
25.904 4.486
25.904 2.389

3.850 -23.882
21.084 -23.878
29.627 -23.855
3.986 -23.719
20.625 -24.404
29.065 -23.270

3.865 -23.8s6
2r.r39 -23.898
29.754 -23.878
3.971 -23.793

20.681 -24.556
29.283 -23.235
3.818 -23.890
20.992 -23.846
29.476 -23.822
3.950 -23.816
20.666 -24.0s2
28.926 -23.t92
3.834 -23.869
21.048 -23.87 t

29.614 -23.835
4.057 -23.559
20.671 -24.198
29.069 -23.137

3.839 -23.872
21.148 -23.852

29.691 -23.864
4.024 -23.979

I84.184 2.617
184.041 2.633
184. I 13 2.636

184.184 2.616
184.041 2.633
184. 1 13 2.636

194.369 3.227

194.350 3.229
194.400 3.243
194.369 3.227
194.350 3.229
194.400 3.241
198.141 -2.575
198.069 -2.603
198.200 -2.599
198.141 -2.575
198.069 -2.603
198.200 -2.599
208.365 -2.042

208.256 -2.038

208.369 -2.050
208.365 -2.042

208.256 -2.038
208.369 -2.050

546.t6 -76.289

545.8 13 -76.137

546.150 -76.298
546.116 -76.288

I .0 1.000

1.0 1.000

1.0 1.000

1.0 0.984

1.0 0.998

1.0 1.000

1.0 1.000

1.0 1.000

1.0 1.000

1.0 0.972

1.0 0.996

1.0 1.000

1.0 I .000

1.0 1.000

1.0 1.000

1.0 0.802

1.0 0.980

1.0 1.000

1.0 I .000

1.0 i.000
1.0 1.000

1.0 0.748

1.0 0.960

l 0 1.000

1.0 I .000

1 0 l.000
1.0 1.000

1.0 0.978



Appenilix

, 29 -10.0 0.5

30 -10.0 0.7

3t -10.0 0.1

. 32 -1O.0 0.5

r 33 -10.0 0.7
, 34 -10.0 0.r

35 -10.0 0.5

, 36 -10.0 0.7

37 -10.o 0.1

38 -10.0 0.5

39 -10.0 0.7

. ¿O -tO.O 0.1

, 4t -10.0 0.5
, 42 -tO.O O.7
; 43 -10.0 0.1
, 44 -10.O 0.5
. 45 -10.0 0.7

46 -r0.0 0.1

47 -10.O 0.5

, 48 -10.0 0.7
,49 10.0 0.1

50 10.0 0.5

, 51 10.0 0.7
.52 rc.o o.t
ì 53 10.0 0.5
I 54 10.0 0.7

55 10.0 0.1

56 10.0 0.5

57 10.0 0.7
58 10.0 0.1

:59 10.0 0.5

i60 10.0 0.7
j ol ro.o o.l
:62 10.O 0.5
,63 10.0 0.7
':64 10.0 0.1
:65 10.0 0.5

66 10.0 0.7

67 10.0 0.1

68 10.0 0.5

0.09 18.446 25.904 7.690
0.09 18.446 25.904 9.991
0.01 18.446 3 1. 189 0.384
0.01 18.446 31.t89 3.396
0.01 18.446 31.189 4.475
0.09 18.446 31.t89 2.403
0.09 18.446 31.189 7.712
0.09 18.446 3t.189 10.021

0.01 26.151 25.904 0.401
0.01 26.157 25.904 3.463
0.01 26.157 25.904 4.560
0.09 26.157 25.904 2.670
0.09 26.157 2s.904 8.069
0.09 26.157 25.904 10.423

0.01 26.157 31.189 0.406
0.01 26.t57 31.189 3.457
0.01 26.157 31.189 4.544
0.09 26.151 3r.189 2.691
0.09 26.157 31.189 8.102
0.09 26.157 31.189 10.477

0.01 18.446 25.904 0.436
0.01 18.446 25.904 3367
0.01 18.446 25.904 5.120
0.09 18.446 25.904 2.431
0.09 18.446 2s.904 8.080
0.09 18.446 25.904 10.696

0.01 18.446 31.189 0.436
0.01 18.446 31.189 3.739
0.01 t8.446 3t.189 5.065
0.09 18.446 3L189 2.440
0.09 18.446 31.189 8.078
0.09 18.446 31.189 10.692

0.01 26.157 25.904 0.462
0.01 26.157 25.904 3.825
0.01 26.157 25.904 5.194
0.09 26.157 25.904 2.717
0.09 26.157 25.904 8.456
0.09 26.157 25.904 11.126
0.0i 26.157 31.189 0.464
0.01 26.157 31.189 3.798

2t.317 -24.034
29.918 -23.327

3.846 -23.870
21.204 -23.850

29.824 -23.878
4.030 -23.989
21.365 -24.046
30.070 -23.264

3.818 -23.862
2t.072 -23.840
29.562 -23.846

4.040 -23.968
2r.406 -23.702

29.818 -23.254

3.824 -23.865
21.131 -23.840
29.711 -23.854
4.047 -23.982
21.452 -23.708
29.962 -23.209

3.836 -23.871
21.290 -23.899
29.922 -23.873
4.188 -23.717

22.187 -23.434
31.036 -23.292

3.843 -23.871

21.337 -23.901
30.042 -23.857

4.210 -23.673

22.264 -23.317

31.090 -23.251

3.8i0 -23.877

21.230 -23.873
29.817 -23.840
4.2t7 -23.725

22.223 -23.399
31.010 -23.274
3.8i8 -23.878
21.283 -23.861

-76.138 1.0 0.991

-76.298 1.0 0.996
-85.157 1.0 1.000

-85.502 1.0 1.000

-85.508 I .0 1.000

-85.157 1.0 0982
-85.496 1.0 0.994
-85.508 1.0 0.996
-86.218 I .0 i.000
-86.479 1.0 1.000

-86.633 1.0 1.000

-86.218 1.0 0.755
-86.479 1.0 0.932
-86.633 1.0 0.974
-95.845 1.0 1.000
-95.655 1.0 1.000

-96.067 1.0 1.000

-95.850 1.0 0.802
-95.655 1.0 0.948
-96.067 1.0 0.97r
26.919 1.0 1.000

27.033 1.0 1.000

26.979 r.0 1.000

26.928 1.0 0.983
27.033 1.0 0998
26.979 1.0 0.999
24.t85 1.0 1.000

24.013 1.0 1.000

23.905 t.0 1.000

24.289 t.0 0.984
24.026 t.0 0.999
23.905 1.0 0.999
23.150 1.0 1.000

23.167 1.0 1.000

23.319 t.0 i.000
23.150 1.0 0.784
23.167 1.0 0980
23.319 t.0 0.994
19.359 1.0 1.000

19.945 1.0 1.000

545.8 l3
546.150

574.844
574.828

574.909
574.844

574.841

574.909

589.062

588.62s

588.881

589.062
588.625

588.881

617.450
617.256

617.572

617.485

617.256

6t7.572
-564.931
-564.266

-564.456

-564.906
-564.266

-564.4s6

-595.885

-595.056

-595.416

-595.881

-595.065

-595.416

-609.809

-609.2s9

-609.240

-609.809

-609.259

-609.240

-640.319
-640. 188



Appendìx D 186

, 69 10.0 0.7

70 10.0 0.1
' 7l 10.0 0.5

'72 10.0 0.7

: 73 30.0 0.1
t 74 3o.o 0.5

75 30.0 0.7
76 30.0 0.1

77 30.0 0.5

78 30.0 0.7
"19 30.0 0.1

80 30.0 0.5

: 8l 30.0 0.7

, 82 30.0 0.1

. 83 30.0 0.5
g+ :o.o 0.7

! 85 30.0 0.1

, 86 30.0 0.5
87 30.0 03

, 88 30.0 0.1

, 89 30.0 0.5
, 90 ¡0.0 0.7

, sr :o.o 0.1
; gz zo.o 0.5

is3 :o.o 0.7
lgq zo.o 0.1

95 30.0 0.5
96 30.0 0.7

91 -30.0 0.9
'98 -30.0 1.0

:99 -30.0 0.9

:100 -30.0 1.0
jrol -¡o.o 0.1

]02 -30.0 0.5
:103 -30.0 0.9
i04 -30.0 0.1

105 -30.0 0.9

106 -30.0 -0.1

t07 -30.0 -0.1

r08 -30.0 0.9

0.01 26.157 31.189
0.09 26.157 31.189
0.09 26.157 31.189
0.09 26.t57 31.r89
0.01 18.446 31.189
0.01 18.446 31.189
0.01 18.446 31.189
0.09 t8.446 31.189
0.09 18.446 31.189
0.09 18.446 31.189
0.01 18.446 25.904
0.01 18.446 25.904
0.01 18.446 25.904
0.09 18.446 25.904
0.09 18.446 25.904
0.09 18.446 25.904
0.01 26.157 25.904
0.01 26.157 25.904
0.01 26.157 25.904
0.09 26.t57 25904
0.09 26.157 25.904
0.09 26.157 25.904
0.01 26.151 31.189
0.01 26.157 31.189
0.0i 26.157 31.189
0.09 26.15'7 31.189
0.09 26.t57 31.189
0.09 26.157 31.189
0.01 18.446 25j04
0.01 18.446 25.904
0,09 18.446 25.904
0.09 18.446 25.904
0.1 I 18.446 25.904
0.11 18.446 25.904
0.11 18.446 25.904
0.r4 18.446 25.904
0.14 18.446 25.904
0.01 18.446 25.904
0.09 18.446 25.904
0.01 18.446 31.189

29.947 -23.817

4.240 -23.684
22.308 -23.261
31.075 -23.257

3.863 -23.865
21.580 -23.860
30.425 -23.835
4.273 -23.975
23.089 -23.241

32.393 -23.284
3.857 -23.864
21.539 -23.888

30320 -23.876
4.260 -24.002
23.053 -23.416

32.M4 -23.181
3.833 -23.870
2t.465 -23.898

30.209 -23.87s
4.264 -24.087

23.140 -23.347

32.426 -23.323

3.839 -23.876
21.509 -23.884
30.312 -23.876
4.281 -24.064
23.149 -23.336
32.494 -23.181
39.842 -23J26
46.420 -23.893
38.011 -24.314
43.999 -23.447

4.011 -23.828
20.810 -23.916

38.011 -24.314
4.025 -23908
37.053 -24.093
-4.435 138.003

-7.162 138.719

40.068 -23.812

19.645 1.0 1.000

19.359 1.0 0.792
19.945 1.0 0.987
19.645 1.0 0.994
40.205 1.0 1.000

40.160 1.0 1.000

40.132 1.0 1.000

40.205 1.0 0.973
40.r59 1.0 0.995
40.132 1.0 0.994
37390 L0 I.000
37.360 1.0 1.000

37.346 t.0 1.000

37.399 1.0 0.981

37.360 1.0 0.99s
37.346 1.0 0.995
34.177 1.0 1.000

34.179 t.0 1.000

34.205 1.0 i.000
34.177 1.0 0.769
34.174 t.o 0.963
34.20s 1.0 0.952
36.996 1.0 1.000

36.987 1.0 1.000

36.981 1.0 1.000

37.006 1.0 0.683
36.987 1.0 0.944
36.98 r 1.0 0.953
2.582 0.0 0.005
2.629 0.0 0.000
2.582 0.0 0.036
2.629 0.0 0.000
2.616 0.0 0.228
2.633 0.0 0.074
2.582 0.0 0.036

2.616 0.0 0.000
2.582 0.0 0.000
2.668 0.0 0.000
2.668 0.0 0.000
3.222 0.0 0.002

5.141
2.734

8.465
11.143

0.495
4.041

5.603

2.527

8.428
11.274

0.498

4.092
5.709
2.523

8.448

1r.291

0.533

4.175

5.802

2.834
8.821

11.778

0.530

4.127

5.709
2.845

8.827

11.732

4.828

5.377

11.613

13.389

2.886

8.428

rI.6r3
3.695
15.930

-r.357
-9.876

4.882

-640.181

-640.319
-640. 188

-640.181

-191.163

-191.066

-191.094

-191.163

-191.066

-191.094
- l8 1. 134

- l8 1.050

- r 8 1.059

- 18 l. 128

- l8 r .050

-181.059

-195.919

-195.772

- 195.828

-195.919

-195.778

- 195.828

-205.884

-205.710
-205.775

-205.881

-205.710
-205.775

t84.178
184.488

184.178

184.488

184.184

184.041

184.178

184. 184

184.178

184.478

184.478

t94.400



Appendix 187

109 -30.0 1.0 0.01

110 -30.0 0.9 0.09
.1ll-30.0 1.0 0.09
, 1 12 -30.0 0.1 0. 1 I

,lt¡-¡O.O 0.5 0.11

,114-30.0 0.9 0.11

, I 15 -30.0 0. I 0.14
1 16 -30.0 0.9 0.r4
l l7 -30.0 -0.1 0.01

118 -30.0 -0.1 0.09
119 -30.0 0.9 0.01

r 120 -30.0 1.0 0.01
: tzt -30.0 0.9 o.o9
. 122 -30.0 1.0 0.09
: 123 -30.O 0.1 0. I I

', 124 -30.0 0.5 o. u
r 125 -30.0 0.9 0. I I
., 126 -30.0 0.1 o.l4
',127 -30.0 0.9 0.14

, lzs -:o.o -0. t 0.01

:129 -30.0 -0.1 0.09

: i:O -¡O.O 0.9 0.01

: l¡ I -gO.O 1.0 0.01
,132 -30.0 0.9 0.09

ì133 -30.0 1.0 0.09

.t¡+-fO.O 0.1 0.11

135 -30.0 0.5 0.1 I

136 -30.0 0.9 0.1 I

137 -30.0 0.1 0.14
,138 -30.0 0.9 0.14

ì139 -30.0 -0.1 0.01

ri40 -30.0 -0.1 0.09

i14l -10.0 0.9 0.01

'142 
-10.O 1.0 0.01

,t¿¡ -ro.o 0.9 0.09
144 -10.0 1.0 0.09
,145 -10.0 0.1 0.11

l+6-to.o 0.5 0.11

r47-10.0 0.9 0.11

148 -10.0 0.1 0.14

18.446 31.189 5.455
18.446 31.189 11.743

18.446 31.189 13.437

18.446 31.189 2.902
18.446 31.t89 8.501

18.446 31.189 13.448

18.446 31.189 3.715
18.446 31.189 16.115

18.446 31.189 -1.352
18.446 31.189 -t0.2ss
26.t57 25.904 4.877
26.157 25.904 5.424
26.157 25.904 12.212

26.157 25.904 14.082

26.151 25,904 3.248
26.157 25.904 8.824
26.157 25.904 13.977

26.157 25.904 4.157
26.157 25.904 16.897

26.157 25.904 -1.344

26.157 25.904 -10.018

26.157 31.189 4.933
26.157 31.189 5.469
26.157 31.189 12.365
26.15'7 31.189 t4.283
26.157 31.189 3.270
26.157 31.189 8.903

26.157 31.189 14.163

26.157 31.189 4.189
26.157 31.189 17.085

26.157 31.189 -1.383

26.157 3 1. 189 - 10.481

18.446 25.904 5.571
18.446 25.904 5.869
18.446 25.904 12.76s

18.446 25.904 14.439

t8.446 25.904 2.911

18.446 25.904 8.830
18.446 25.904 14.690
18.446 25.904 3.721

46.647 -23.879

38.218 -24.5t2
44.160 -23.327

4.032 -23.816
20.964 -23.661

37.657 -24.884
4.067 -23.888

31.228 -24.666
-4.433 137.897

-7 329 138.341

39.639 -23.837

46.272 -23.857

37.764 -24.138
43.513 -24.00t
4.0t2 -23.801
20.467 -24.458

37.072 -24.754
4.076 -23.759
36.810 -23.514
-4.556 137.916
-7.416 137.831

39.886 -23.853
46.493 -23.869

37.961 -24.370
43.876 -23.245

4.065 -23.713
20.579 -24.422

37.27 r -24.858
4.094 -23.740
36.951 -24.188
-4.540 137.919
-7.471 138.100

39.955 -23.884
46.586 -23.926
39.233 -24.577

45.624 -24.275

4.080 -23.988

21.275 -24.416
39.412 -23.623

4.206 -23.982

194.691 3.242 0.0
194.400 3.222 0.0
194.691 3.243 0.0
194.369 3.227 0.0
194.350 3.229 0.0
194.400 3.222 0.0
194.369 3.227 0.0
194.400 3.222 0.0
194.675 3.228 0.0
194.675 3.228 0.0
t98.241 -2.563 0.0
198.500 -2.556 0.0
198.241 -2.563 0.0
r98.500 -2.556 0.0
198.141 -2.575 0.0
198.069 -2.602 0.o
t98.241 -2.563 0.0
198.t41 -2.575 0.0
198.241 -2.563 0.o
198.500 -2.576 0.0
198.500 -2.576 0.0
208.400 -2.058 0.0
208J44 -2.033 0.0
208.400 -2.058 0.0
208.753 -2.044 0.0
208.365 -2.042 0.0
208.256 -2.038 0.0
208.400 -2.058 0.0
208.365 -2.042 0.0
208.400 -2.058 0.0
208.753 -2.075 0.0
208J53 -2.075 0.0
546.441 -16.527 0.0
547.275 -76.599 0.0
546.441 -76.527 0.O

547.215 -76.599 0.0
546.116 -76.289 0.0
545.8r3 -76.138 0.0
546.441 -76.527 0.0
546.116 -76.288 0.0

0.000

0.016

0.000

0.149
0.044
0.000

0.000

0.000

0.000

0.000

0.007

0.000

0.014

0.000

0.010

0.001

0.000

0.000

0.000

0.000

0.000

0.003

0.000

0.006

0.000

0.006

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.227

0.026

0.000

0.000



Appendix 188

149 -10.0 0.9

150 -10.0 -0.1

rsi -to.o -o.t
152 -10.0 0.9

: tS: -tO.O 1.0
, 154 - 10.0 0.9
,155-t0.0 1.0

156 -10.0 0.1

157 -10.0 0.5

158 -10.0 0.9
159 -10.0 0.1

: 160 -10.0 0.9
161 -10.0 -0.1

ì 162 -10.0 -0.1
, t63 -to.o 0.9
to+ -to.o 1.0

, 165 -10.0 0.9
ì 166 -10.0 1.0

167 -10.0 0.1
, 168 -10.0 0.5

169 -10.0 0.9
,170 -10.0 0.1

l7l -10.0 0.9

:172 -10.0 -0.1

;rzt -ro.o -o.t
:174-10.0 0.9
175 -10.0 1.0

176 -10.0 0.9
t1t -10.0 1.0

:178 -10.0 0.1

:179 -10.0 0.5

i180 -10.0 0.9

Irsi -ro.o 0.1

:182 -10.0 0.9
,rs: - ro.o -0. r

:ts¿-to.o -o.t
:185 10.0 0.9
186 10.0 1.0

187 10.0 0.9
188 10.0 1.0

0.14 18.446

0.01 t8.446
0.09 18.446

0.01 18.446

0.01 18.446

0.09 18.446

0.09 18.446

0.11 18.446

0.1 1 18.446

0.11 18.446

0.14 18.446

0.14 18.446

0.01 18.446

0.09 18.446

0.01 26.157

0.01 26.t57
0.09 26.157

0.09 26.157

0.11 26.157

0.11 26.157

0. r 1 26.157

0.14 26.157

0.14 26.157

0.01 26.157

0.09 26.157

0.01 26.157

0.01 26.157

0.09 26.15'1

0.09 26.157

0.11 26.t57
0.11 26.157

0.11 26.157

0.14 26.t57
0.14 26.157

0.01 26.151

0.09 26.157

0.0i t8.M6
0.01 18.446

0.09 18.446

0.09 18.446

25.904 17.503

25.904 -1.201

25.904 -9.710

3 l. 189 5.544
31.189 5.888

31.189 t2.822
31.189 14.471

31.189 2.926

31.189 8.860

3 1. 189 14.767

31.189 3.741

31.189 17.610

31.189 -1.191

3 1. 189 - 10.078

25.904 5.657
25.904 5.934
25.904 13.396

25.904 15.316

25.904 3.263

25.904 9.255
25.904 15.436

25.904 4.171

25.904 18.462

25.904 -1.224

25.904 -9.975

31.189 5.632

31.189 5.931

31.189 13.474

31.189 15.357

31.189 3.288
3r.189 9.299
31.r89 15.547

31.189 4.203
3r.189 18.615

31.189 -1.254

31.189 -10.398

25.904 6.276

25.904 6.325
25.904 13.755

25.904 15.209

39.025 -25.030 546.441
-4.233 137 .969 547.625
-4.955 138.091 547.625

40.209 -23.837 574.956
46.827 -23.897 575.509
39.464 -24.624 574.947
45.881 -24.375 575.509
4.100 -23.950 574.844
21.325 -24.453 574.828
39.664 -23.397 574.956
4.212 -24.001 574.841
39.330 -25.050 s74.969
-4.226 137.863 575.569
-4.922 138.081 575.569
39.809 -23.760 589.297

46.485 -23.899 590J25
39.033 -24.570 589.297

45.417 -24.160 590.125
4.042 -24.100 589.062
21.253 -24.296 588.62s
39.119 -24.087 589.297

4.252 -23.915 589.062
38.744 -25.065 589.297
-4.347 137.975 590.366
-5.173 137.944 590.366
40.064 -23.660 6t7.862
46.665 -23.937 617.994
39.266 -24.608 617.862
45.666 -24.294 617.994
4.048 -24.105 617.450
21.298 -24352 6t7.256
39.377 -23.911 617.862
4.260 -23.942 617.485
39.038 -25.175 617.862
-4.329 137.969 618.153
-5.153 137.941 618.153
40.293 -23.833 -564.591
46.955 -23.802 -565.041

41.105 -24.098 -564.591
48.13s -23.766 -s65.041

-76.527 0.0 0.000
-76.473 0.0 0.007
-76.471 0.0 0.024
-85.622 0.0 0.000
-85.61 3 0.0 0.000
-85.619 0.0 0.000
-85.613 0.0 0.000
-85.157 0.0 0.272
-85.502 0.0 0.039
-85.622 0.0 0.000
-85.161 0.0 0.000
-85.609 0.0 0.000
-85.638 0.0 0.009
-85.638 0.0 0.027
-86.802 0.0 0.000
-86.713 0.0 0.000
-86.802 0.0 0.000
-86.713 0.0 0.000
-86.218 0.0 0.008
-86.479 0.0 0.00r
-86.802 0.0 0.000
-86.218 0.0 0.000
-86.802 0.0 0.000
-86.551 0.0 0.009
-86.551 0.0 0.029
-95.989 0.0 0.000
-9ó.36s 0.0 0.000
-95.989 0.0 0.000
-96.363 0.0 0.000
-95.845 0.0 0.010
-95.655 0.0 0.001

-95.989 0.0 0.000
-95.850 0.0 0.000
-9s.989 0.0 0.000
-96.474 0.0 0.010
-96.474 0.0 0.031

26.860 0.0 0.013

26.233 0.0 0.000
26.860 0.0 0.000
26.233 0.0 0.000



Appenilìx 189

189 10.0 0.1

, 190 10.0 0.5
'191 10.0 0.9
, 192 10.0 0.1
jrs¡ ro.o 0.9

. 194 10.0 -0.1
: t95 t0.o -0.1
: t96 lo.o 0.9

197 10.0 1.0

198 10.0 0.9

199 10.0 i.0
I 200 10.0 0.1

: ZOt tO.O 0.5
: 202 I0.O 0.9
, 203 10.0 0.1

'.204 to.o 0.9

.205 10.0 -0.1

. ZOe tO.O -O.l

'.207 10.0 0.9

:208 10.0 1.0

.209 10.0 0.9

a 210 10.0 1.0

. 211 10.0 0.1

)212 to.o 0.5

r2l3 10.0 0.9
I

'214 10.0 0.1

215 10.0 0.9

216 10.0 -0.1

217 10.0 -0.1

.218 10.0 0.9

;ZtO tO.O 1.0

i220 to.o 0.9

izzt to.o l.o
1222 10.0 0.1

:223 10.0 0.5
:224 10.0 0.9
'225 10.0 0.1

226 t0.0 0.9

227 10.0 -0.1

228 10.0 -0.1

0.1 I 18.446

0.1 1 18.446

0.I 1 t8.446
0.14 18.446

0.14 t8.446
0.01 18.446

0.09 18.446

0.01 18.446

0.01 18.446

0.09 18.446

0.09 18.446

0.1 1 18.446

0.1 1 18.446

0.11 18.446

0.14 18.446

0.14 18.M6
0.01 18.446

0.09 18.446

0.01 26.157

0.01 26.157

0.09 26.157

0.09 26.157

0.11 26.157

0.11 26.157

0.1 I 26.157

0.14 26.157

0.14 26.157

0.01 26.157

0.09 26.t57
0.01 26.157

0.0r 26.157

0.09 26.157

0.09 26.157

0.11 26.157

0.11 26.157

0.1 i 26.157

0.14 26.t57
0.14 26.157

0.01 26.157

0.09 26.157

25.904 2.957

25.904 9.253
25.904 15.680

25.904 3.774

25.904 18.780

25904 -1.021

25.904 -9.065

31.189 6.176

31.189 6.226

3 r.189 13.729

31.189 15.139

31.189 2.971
31.189 9.249
3 l. 189 15.681

31.189 3.790
31.189 18.796

3 L 189 -t.043
31.189 -9.403
25.904 6.387
25.904 6.436

25.904 14.417

25.904 16.t32
25.904 3.304
25.904 9.698

25.904 16.494

25.904 4.232

25.904 19.821

25.904 -1.074

25.904 -9.391

31.189 6.296

31.r89 6.360

31. 189 14.4t7
31.189 6.360

3r.189 3.328
31.189 9.712
3 i.189 16.527

31.189 4.259
31.189 19.883

3 1. 189 -r.097
31.189 -9.785

4.270 -23.834
22.194 -23.939
41.726 -23.403
4.384 -23.893
42.254 -23.070
-4.083 t37.947
-2.897 138.316

40.508 -23.825
47.143 -23.800

41.270 -24.421

48.353 -23.588

4.274 -23.836
22.263 -23.802

41.907 -23.268
4.394 -23.870
42.371 -23.203
-4.061 137.950
-2.823 138.294

40.t26 -23.904
46.880 -23.826
41.019 -23.762

48.153 -23.897

4.344 -23J73
22.205 -23.956
41.704 -23.173

4.43r -23.950
42.270 -22.940
-4.177 I 38.01 9

-3.004 138.297

40.360 -23.896
47.058 -23.780
41.204 -24.008
47.058 -23.780

4.345 -23.794

22.294 -23393
41.927 -23.039

4.446 -23.917

42.418 -22.994
-4.155 137.969
-2.914 138.350

-564.906
-564.266

-564.591

-564.931

-564.591

-564.872

-564.872

-595.319

-595.956
-595.3t9
-595.931

-595.894

-595.065

-595.319

-595.885

-595.319

-596.097

-596.097

-609.469
-609.797

-609.469
-609.797

-609.794

-609.259
-609.469
-609.809

-609.469
-609.566

-609.566

-640. 150

-641.331

-640.150

-64t.331
-640.319

-640.188

-640.150

-640.319

-640.150

-641.066
-64r.066

26.928 0.0 0.245
27.033 0.O 0.029
26.860 0.0 0.000
26.9r9 0.0 0.000
26.860 0.0 0.000
26.302 0.0 0.000
26302 0.0 0.001
24.024 0.O 0.008
23.720 0.0 0.000
24.023 0.0 0.000
23.656 0.0 0.000
24.197 0.0 0.230
24.026 0.0 0.052
24.024 0.O 0.000
24.185 0.0 0.000
24.029 0.0 0.000
23.767 0.O 0.00t
23.767 0.O 0.003
23.195 0.0 0.015
22.867 0.O 0.000
23.194 0.0 0.000
22.867 0.0 0.000
23.L42 0.0 0.0t2
23.r67 0.0 0.001

23.194 0.0 0.000
23.1s0 0.0 0.000
23.194 0.0 0.000
23.156 0.0 0.002
23.156 0.0 0.005

19.515 0.0 0.009
19.108 0.0 0.000
19.518 0.0 0.000

19.108 0.0 0.000
I 9.359 0.0 0.01 I

19.945 0.0 0.001

19.518 0.0 0.000

19.357 0.0 0.000
19.5 i5 0.0 0.000
19.457 0.0 0.007
19.457 0.0 0.018



Appenilix 190

229 30.0 0.9

230 30.0 1.0

231 30.0 0.9

, 232 30.0 1.0

. 233 3O.0 0.1
: 234 3o.o 0.5

235 30.0 0.9
' 236 30.0 0.1

237 30.0 0.9

238 30.0 -0.1

239 30.0 -0.1

.240 30.0 0.9

, 241 30.0 1.0

'242 3o.o 0.9
, 243 30.O 1.0

244 30.0 0.1
. 245 3o.O 0.5
'246 30.0 0.9
: 247 30.0 0.1

'248 3o.o 0.9
,249 30.0 -0.1

:250 30.0 -0.1

:251 3O.0 0.9
I zsz zo.o l.o
1253 3o.O 0.g
:254 30.0 1.0

,255 30.0 0.1

256 30.0 0.5

257 30.0 0.9

rZSA ¡O.O 0.1

:259 30.0 0.9

lzoo :o.o -0.1

izor:o.o -o.l
,262 30.0 0.9
:

:263 30.0 i.0
,264 30.0 0.9
'265 30.0 1.0

266 30.0 0.i
267 30.0 0.5

268 30.0 0.9

0.01 18.446

0.01 18.446

0.09 18.446

0.09 18.446

0.1 I 18.446

0.1 1 18.446

0.I I 18.446

0.14 18.446

0.14 18.446

0.01 18.446

0.09 18.446

0.01 18.446

0.01 18.446

0.09 18.446

0.09 18.446

0.1 1 18.446

0.11 18.446

0.1 I 18.446

0.14 18.446

0.r4 18.446

0.0\1 18.446

0.09 18.446

0.01 26.157

0.01 26.157

0.09 26.157

0.09 26.157

0.1 I 26.157

0.1 I 26.157

0.11 26.157

0.14 26.15'l
0.14 26.1s7

0.01 26.t57
0.09 26.157

0.01 26.157

0.01 26.157

0.09 26.157

0.09 26.157

0.1 I 26.157

0.I i 26.157

0.11 26.157

31.189 6.739

31 .1 89 6.530

31.189 14.208

31.189 15.237

31.189 3.058

31.189 9.620
31.189 16.261

31.189 3.900

31.189 19.558

31.189 -0.906

31.189 -8.478

25.904 6.910
25.904 6.686
25.904 14.290

25.904 15.238

2s.904 3.038

25.904 9.631

25.904 16.335

2s.904 3.893

25.904 19.604

25.904 -0.889

25.904 -8.157

25904 7.070
25.904 6.810

25.904 14.998

25.904 6.810

25.904 3.420
25.904 10.129

25.904 l7.244
25.904 4.387
25.904 20.621

25.904 -0.972

25904 -8.763

31.r89 6.903
31.189 6.683

3l. i89 14.936

31.189 t6.122
31 .1 89 3.431

31.189 10.101

31.189 17.152

41.009 -23.839
47.554 -23.842
43.905 -21.726

51.086 -23.879
4.424 -23.902
23.343 -23.666
44.5s3 -23.477

4.623 -24.009

45.674 -23.564
-3.947 138.006

-0.840 138.591

40.817 -23.889
47.408 -23.884
43.714 -23.171

51.523 -23.242

4.497 -23.724

23.347 -23.635
44.498 -23.436

4.605 -24.062

45.774 -24.367

-3.972 137.984
-0.989 138.591

40.668 -23.941
47.357 -23.837

43.803 -23.309
47.357 -23.837

4.536 -23.750
23.345 -23.743

44.583 -23.460
4.666 -24.150
46.308 -23.397

-4.048 138.034

- 1.468 137 .303
40.876 -23920
47.495 -23.862
44.051 -22.243

51.670 -23.622

4.573 -23.653
23.437 -23.564
44.778 -23.581

- 191.153

-191.444

- 191.153

-191.444

-191.163

-19t.066
- 19r.153

-191.163

- 191. i53
-191.372

-191.372

- 18 L097
- 18 1.384

- l8 1.097

- I I 1.384

- 18 i. 134

- 181.050

-181.097

- 181.134

-181.097

- 18 1.387

- I 8 1.387

-195.812
-196.n6
-195.812

- 196. I l6
-195.919

-195.778

-195.8t2
-195.919

-195.8t2
-196.128
-t96.128
-205.8 r9
-206.050

-205.822

-206.050
-20s.881

-205.710

-205.822

40.179 0.0 0.010

40.212 0.0 0.000
40.179 0.0 0.000
40.212 0.0 0.000
40.205 0.0 0.1 80

40.159 0.0 0.014
40.179 0.0 0.000
40.205 0.0 0.000
40.179 0.0 0.000
40.220 0.0 0.000
40.220 0.0 0.000

37.384 0.0 0.017
37.411 0.0 0.000

37.381 0.0 0.000
37.412 0.0 0.000
37.390 0.0 0.320
37.360 0.0 0.019
37.381 0.0 0.000
37.391 0.0 0.000

37.381 0.0 0.000
37.377 0.0 0.000
37.377 0.0 0.000
34.206 0.0 0.030

34.239 0.0 0.000
34.206 0.0 0.000

34.239 0.0 0.000
34.177 0.0 0.016
34.174 0.0 0.000
34.206 0.0 0.000

34.177 0.0 0.000
34.206 0.0 0.000

34.185 0.0 0.000

34.r85 0.0 0.000

36.951 0.0 0.017

37.028 0.0 0.000
36.965 0.0 0.000

37.028 0.0 0.000

37.006 0.0 0.0 r 1

36.987 0.0 0.000

36.965 0.0 0.000
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269 30.0 0.1

270 30.0 0.9
, 271 3o.O -0.1
,272 30.0 -0.1

Ìloao
, 273 -30.0 0.5
274 -30.0 0.5

275 -30.0 0.5

276 -30.0 0.5
277 -20.0 0.5
278 -20.0 0.5

.279 -20.0 0.5
:280 -20.0 0.5
281-10.0 0.5

,282 -10.0 0.5
'283 -r0.0 0.5
' 284 -10.0 0.5

285 10.0 0.5
.286 r0.0 0.5
'287 10.0 0.5

:ZaS tO.O 0.5
,28g 2O.O 0.5
,290 20.0 0.5
tzgt zo.o 0.5
1292 20.0 0.5

'293 30.0 0.5

294 30.0 0.5

295 30.0 0.5

,296 30.O 0.s

:

:

1

-24.151 -205.884

-24.376 -205.822

138.034 -206.059
137.175 -206.059

0.220 208.244
-0.145 198.066

-0.014 184.009

-0.055 194.209

0.076 313.212

0.023 298.169

0.150 276s3t
-0.276 291.741

0.065 573.912
0.085 545.803
-0.269 588.534
-0.132 616.969
-0.104 -640J34
-0.087 -609369
0.097 -564.463
0.220 -595.491
-0.008 -315.159

0.039 -299.666
-0.102 -277.319
-0.t34 -292.681
-0.068 - l9 1.087

0.007 -181.038

0.101 -195.803

-0.047 -205.7't2

36.996 0.0 0.000
36.965 0.0 0.000
37.020 0.0 0.000
37.020 0.0 0.000

-2.017 0.0 0.000
-2.609 0.0 0.000
2.629 0.0 0.000
3.229 0.0 0.000

-20.749 0.0 0.000
-19.492 0.0 0.000
-13.259 0.0 0.000
-14.388 0.0 0.000
-85.288 0.0 0.000
-76.484 0.0 0.000
-86.084 0.0 0.000
-95.614 0.0 0.000
19.683 0.0 0.013
22.956 0.0 0.009
26.686 0.0 0.007
24.278 0.0 0.008
38.133 0.0 0.000
36.172 0.0 0.000
39.221 0.0 0.000
41.346 0.0 0.000
40.179 0.0 0.000
37.342 0.0 0.000
34.225 0.0 0.000
37.007 0.0 0.000

0.t4 26.151 3i.189 4.410
0.14 26.157 31.189 20.757

0.01 26.157 31.t89 -0.984
0.09 26.157 31.189 -9.156

4.669

45.864
-4.016
- 1.361

0.00 26.157 31.189 208.247 _1.812

0.00 26.151 25.904 198.100 -2.360
0.00 18.446 25.904 184.000 2.859
0.00 18.446 31.189 194.259 3.417
0.00 26.157 31.189 313.300 _20.415

0.00 26.157 25.904 298.33t _19.r93

0.00 18.446 25.904 276.938 _12.964

0.00 18.446 31.189 292.006 -14.048
0.00 18.446 31.189 574.459 _84.165

0.00 18.446 25.904 545.731 _75.564

0.00 26.157 25.904 588.969 _85.536

0.00 26J57 31.189 617.281 _94.448

0.00 26.157 31.189 -640.369 19.187
0.00 26.157 25.904 -609.413 22.518
0.00 18.446 25.904 -564.550 26.117
0.00 18.446 31.189 -595.625 23.073
0.00 26.157 31.189 -315.175 37.864
0.00 26.157 25.904 -299.647 3s.791
0.00 18.M6 25.904 -277.359 38.970
0.00 18.446 31.189 -292.688 41.049
0.00 18.446 31.189 -19i.100 39.943
0.00 18.446 25.904 -181.081 37.027
0.00 26.157 25.904 -195.891 33.930
0.00 26.151 31.189 -205.878 36.113

xË
No. ô a VF Xst Xnt Rt Xt XSo R,,,r, Xr,rr, åt .?

-riEd6z-dd-¡ñr
2 -20.0 -0.10 0.07 24.500 27.400 -7.839 -5.608 138.556 298.734 _18.664 0.0 0.001
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3 -20.0 0.20 0.03
4 -20.0 0.20 0.o7
5 -20.0 0.20 0.12
6 -20.0 0.60 0.03
7 -20.0 0.60 0.07
8 -20.0 0.60 0.12
9 -20.0 0.9s 0.03

10 -20.0 0.95 0.07
11 -20.0 0.95 0.12
12 20.0 -0.10 0.03

t3 20.0 -0.10 0.07
14 20.0 0.20 0.03
15 20.0 0.20 0.07
16 20.0 0.20 0.12
17 20.0 0.60 0.03
18 20.0 0.60 0.07
t9 20.0 0.60 0.12
20 20.0 0.95 0.03
2t 20.0 0.95 0.07
22 20.0 0.95 0.12

24.500 21.400 1.474

24.500 n.400 2.885
24.500 27.400 4.703
24500 27.400 s.6r4
24.500 27.400 8.167
24.500 27.400 1r.435
24500 27 .400 7.520
24.500 27.400 11.537

24.500 27.400 16.690
24.500 27.400 -2.921
24.500 27 .400 -7.067
24.500 27.400 1.685
24.500 27.400 3.078
24.500 27.400 4.896
24.500 27.400 6.763
24.500 27.400 9.431
24.500 27.400 12.98t
24.500 27.400 8.850
24.500 27.400 13.268
24.500 27.400 19.063

8.238 -23.921 298.769
8.297 -24.018 298.769
8.511 -23.887 298.769
24.596 -23.983 297.866
24.450 -23.887 297.866
24.294 -23.622 297.866
42.331 -23.745 298.200
41.579 -24.279 298.200
40.994 -23.537 298.200
-3.604 138.041 -299.503
-2.619 137J22 -299.509
8.349 -23.921 -299.884
8.672 -23.929 -299.884
9.233 -23.488 -299.884
25.464 -23.971 -298.925
26.030 -23.799 -298.925
26.847 -23.369 -298.925
43.90s -23.964 -299.066
45.097 -23.518 -299.066
46.661 -23.974 -299.066

-18.538 1.0 1.000

-18.538 1.0 1.000

-18.538 0.0 0.000
-18.518 1.0 1.000

-18.518 1.0 1.000

-18.518 0.0 0.000
-18.443 0.0 0.000
-18.443 0.0 0.000
-18.443 0.0 0.000
37.472 0.0 0.000
37.473 0.0 0.000
37.498 1.0 1.000

37.498 1.0 1.000

37.498 0.0 0.001

37.344 1.0 1.000

37.344 1.0 0998
37.344 0.0 0.000
37.282 0.0 0.000
37.282 0.0 0.000
37.282 0.0 0.000

6E' No. ô cr VF Xsl Xnt R1 Xl Xsl Rn,"n, Xuor, $, ä
: 2 -t5.0 -0.02 0.020 20.660 29.890 -2.132 -3.502 138.038 392.244 _36.597 0.0 0.002
: 3 -15.0 -0.06 0.020 20.660 29.890 -2.006 -2.586 138.056 3g2.Og1 _36.466 0.0 0.002
. ¿ -rs.o -o.o+ 0.020 20.660 2g.8go -1.944 -t.82g t37.g13 3gz.Ogt -36.467 0.0 0.0025 -15.0 -0.02 0.020 20.660 29.890 -1.809 -t.023 137.925 392.244 _36.598 0.0 0.002: 6 -15.0 -0.00 0.020 20.660 2g.8go -1.751 -0.945 137.934 395.516 -37.363 0.0 0.002
: 7 -15.0 0.00 0.020 20.660 29.890 0.385 0.697 -23.868 395.444 _37.364 t.O 1.000
: 8 -15.0 0.02 0.020 20.660 29.890 0.421 0.772 -23.888 391.284 _3ó.378 1.0 1.000
' 9 -15.0 0.04 0.020 20.660 29.890 0.472 1.495 -23.888 391.212 -36.4A6 1.0 1.000
l0 -15.0 0.06 0.020 20.660 29.890 0.519 2.247 _23.877 391.850 _36.403 t.o 1.000
11 -15.0 0.08 0.020 20.660 29.890 0.s63 3.000 -23.886 391.212 _36.406 1.0 1.000
12 -15.0 0.10 0.020 20.660 29.890 0.624 3.852 -23.878 391.300 _36.385 1.0 i.000
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13 -15.0 0.15 0.020 20.660 29.890
14 -15.0 0.20 0.020 20.660 29.890
15 -15.0 0.25 0.020 20.660 2g.8go

: 16 -15.0 0.30 0.020 20.660 2g.8g0
: 17 -15.0 0.35 0.020 20.660 2g.gg0

18 -15.0 0.40 0.020 20.660 29.890
19 -15.0 0.45 0.020 20.660 29.890
20 -15.0 0.50 0.020 20.660 29.890
2r -15.0 0.55 0.020 20.660 29.890
22 -15.0 0.60 0.020 20.660 29.890
23 -1s.0 0.65 0.020 20.660 29.890

, 24 -15.0 0.70 0.020 20.660 29.890
: 25 -t5.0 olz o.o2o 20.660 2g.Bgo
: 26 -15.0 0.74 0.020 20.660 29.890
: 27 -15.0 0.76 0.020 20.660 Zg.gg}

28 -15.0 0.78 0.020 20.660 29.890
I 29 -15.0 0.S0 0.020 20.660 2g.8g}
: 30 -15.0 0.82 0.020 20.660 29.890
: 31 -r5.0 0.84 0.020 20.660 29.890
, 32 -15.0 0.s6 0.020 20.660 2g.8go
, 33 -15.0 0.88 0.020 20.660 2g.8go
: 34 -15.0 0.90 0.020 20.660 29.890
, ls -ts.o o.gz 0.020 20.660 2g.8g0
: 36 -15.0 0.94 0.020 20.660 29.590
i 37 -1s.0 0.96 0.020 20.660 29.890
:¡S -tS.O O.gS 0.020 20.660 2g.gg0
, ss -rs.o 1.00 0.020 20.660 2g.8go

.¿O -tS.O O.¿O O.OO0 20.660 2g.gg0
: +t -t5.0 0.+o 0.002 20.660 2g.8g0
:42 -15.0 0.40 0.004 20.660 2g.8g0
:43 -15.0 0.40 0.006 20.660 2g.8g0

i44 -r5.0 o.4o o.oo8 20.660 29.890
;4s -15.0 o.4o o.oto 20.660 2g.sgo
:46 -15.0 o.4o o.ot2 20.660 2g.ggo
',47 -t5.0 o.4o 0.014 20.660 2g.8go
:48 -15.0 0.40 0.016 20.660 29.990
'49 -15.0 o.4o o.olï 20.660 2g.ggo
50 -15.0 0.40 0.020 20.660 29.890
51 -15.0 0.40 0.025 20.660 29.890

5.663 -23.874 39r.291
8.247 -23912 392.175
10.189 -23.934 391.134
12.658 -23.9t6 391.222
14.903 -23.902 391.022
16.197 -23.903 391.125
t8.448 -23.933 391.056
21.116 -23.958 39t.t75
23.062 -23.815 391.056
24.962 -23.892 391.159
27.410 -23.8t7 391.125
29.735 -23.805 391.303
30.675 -23.797 39r.178
31.550 -23.782 391.178
32.653 -23.866 391.178
33.326 -23.819 39t.828
34.436 -23.954 392.2s6
35.403 -23.905 391.506
36.640 -23.914 391.306
37.608 -23.894 39r.472
38.793 -23.957 39r.478
39.902 -24.033 391.475
41.081 -23.999 391.331
42.373 -23.481 392.175
43509 -23.923 391.337
44.928 -23.989 391.459
45.989 -23.952 39s.466

t6.146 -23.874 391.t25
16.157 -23.862 391.125
16.163 -23.871 391.125
16.162 -23.889 391.125
16.r65 -23.900 391.125
16.171 -23.903 391.125
t6.178 -23.892 391.125
16. r80 -23.895 391.125
r 6.184 -23.906 39t.t25
16.t92 -23.909 39r.125
16.197 -23.903 391.t25
t6.210 -23.95s 391.t25

-36.385 1.0 l 000
-36.782 1.0 1.000

-36.450 1.0 1.000

-36.405 1.0 1.000

-36.461 1.0 1.000

-36.377 1.0 1.000

-36.466 t.0 1.000

-36.476 LO 1.000

-36.466 1.0 1.000

-36.4t1 1.0 1.000

-36.426 1.0 1.000

-36.454 1.0 1.000
-36.476 1.0 1.000

-36.479 1.O r.000
-36.479 t.0 1.000
-36.480 1.0 0.999
-36.818 1.0 0.985
-36.469 0.0 0.831
-36.482 0.0 0.169
-36.435 0.0 0.021
-36.452 0.0 0.002
-36.405 0.0 0.000
-36.457 0.0 0.000
-36.467 0.0 0.000
-36.458 0.0 0.000
-36.43s 0.o 0.000
-37.358 0.0 0.000

-36.377 1.0 1.000

-36.371 1.O 1.000

-36.377 1.0 1.000

-36.377 1.0 1.000

-36.377 t.0 1.000

-36.377 1.0 1.000

-36.377 1.0 1.000

-36.377 t.0 i.000
-36.371 1.0 1.000

-36.377 1.0 1.000

-36.377 1.0 1.000
-36.377 1.0 1.000

0.119

1.t34
1.152

2.289

2.895
1.525

2.116

3.854

4.683

5.071

4.438

5.008

4.899

4.991

5.3 l5
5.825
5.947

6.0ó8

5.941

6.234

6.r55
6.267

6.352

6.566

6.604
6.648
6.805

o.649

0;733
0.81 I
0.906

0.993

1.079

1. 168

1.255

1.344

1.434

1.525

1.'150
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52 -15.0 0.40

53 -15.0 0.40

54 -15.0 0.40

55 -15.0 0.40
, SO -tS.O O.¿O

57 -15.0 0.40

, 58 - r 5.0 0.40

59 -15.0 0.40

60 -15.0 0.40

61 -15.0 0.40

62 -15.0 0.40

, 63 -i5.0 0.40

. 64 -15.0 0.40

, os -ts.o o.¿o
, 66 -15.0 0.40

67 -15.0 0.40
: 68 -ts.o o.¿o
. 69 -15.0 0.40
.zo -ls.o o.¿o
, Zt -tS.O O.¿0
, lz -ts.o o.qo
':73 -15.0 O.4O

' 74 -ts.o o.4o

. 75 -15.0 0.40

: Z0 -tS.O O.¿O

| 77 -15.0 O.40

78 -15.0 0.40

79 -15.0 0.40

80 -15.0 0.40
, st -ts.o o.¿o

:82 -15.0 0.40

: a¡ -rs.o o.+o

i84 -15.0 0.40
, SS -15.0 O.¿0

: 86 -15.0 0.40

'87 -15.0 0.40
: 88 - 15.0 0.40

89 15.0 -0.10

90 15.0 -0.02

0.030 20.660

0.03s 20.660

0.040 20.660

0.045 20.660

0.050 20.660

0.055 20.660

0.060 20.660

0.065 20.660

0.070 20.660

0.075 20.660

0.080 20.660

0.082 20.660

0.084 20.660

0.086 20.660

0.088 20.660

0.090 20.660

0.092 20.660
0.094 20.660

0.096 20.660

0.098 20.660

0.100 20.660

0.102 20.660

0.104 20.660

0.106 20.660

0.108 20.660

0.110 20.660

o.Ú2 20.660
0.t4 20.660

0.116 20.660

0.118 20.660

0.120 20.660

0.125 20.660
0.130 20.660

0.135 20.660

0.140 20.660
0.145 20.660

0.150 20.660

0.020 20.660
0.020 20.660

29.890 1.987

29.890 2.206
29.890 2.430
29.890 2.662

29.890 2.891

29.890 3.128
29.890 3.366

29.890 3.602
29.890 3.841

29.890 4.080

29.890 4.310
29.890 4.402
29.890 4.495
29.890 4.589
29.890 4.683
29.890 4.778

29.890 4.873
29.890 4.968
29.890 s.0ó3

29.890 5.160
29.890 5.2s6
29.890 5.352

29.890 s.450

29.890 5.548
29.890 5.645
29.890 5.744
29.890 5.844
29.890 5.944
29.890 6.045
29.890 6.t47
29.890 6.247

29.890 6.500
29.890 6.751

29.890 6.997

29.890 7.244

29.890 7.496
29.890 7.751

29.890 - 1.915

29.890 -1.927

16.306 -23.732

16.305 -23.791
16.306 -23.850

16334 -23.841
16.325 -23.913

16.341 -23.936
16.364 -23.922

16.377 -24.024

16.536 -23.797

t6.622 -23.497

16.605 -23.613
16.598 -23.668
16.597 -23.100
16.605 -23.705
16.618 -23.689
16.625 -23.673

16.628 -23.669
16.628 -23.682

16.6n -8.698
16.626 -23.7t6
16.622 -23.733

16.618 -23.750
16.614 -23.765
16.610 -23.783
16.611 -23.796

16.6t4 -23.805
16.621 -23.812

16.630 -23.810
16.639 -23.804
16.649 -23.803

16.654 -23.8fi
16.665 -23.900
16.687 -24.047

16.8 I 1 -23.925

t6.962 -23.618
17.049 -23.385
17.033 -23.429

-3.774 138.244

-2.988 137.903

391.125 -36.377 1.0 1.000

391.125 -36.377 t.0 1.000

391.125 -36.377 t.0 1.000

391.t25 -36.377 1.0 i.000
391.125 -36.377 1.0 1.000

391.125 -36.377 1.0 1.000

391.t25 -36.377 1.0 1.000

391.141 -36.388 1.0 1.000

391.125 -36.377 t.O 1.000

391.125 -36.377 r.0 1.000

391.125 -36.377 1.0 1.000

391.t25 -36.377 1.0 1.000

391.125 -36.377 t.0 1.000

391.125 -36.377 1.0 1.000

39t.125 -36.377 1.O 1.000

391.125 -36.377 t.0 1.000

391.125 -36.377 1.0 i.000
39t.125 -36.377 1.0 r.000
391.125 -36.377 t.0 1.000

391.141 -36.388 1.0 1.000

39t.125 -36.377 1.O 1.000
391.125 -36.377 0.O 1.000

391.125 -36.377 0.0 0.999
39r.125 -36.377 0.0 0.999
391.125 -36.377 0.O 0.998
391.125 -36.377 0.0 0.996
391.125 -36.377 0.0 0.992
391.125 -36.377 0.0 0.984
391.141 -36.388 0.0 0.969
391.125 -36.377 0.0 0.939
391.125 -36.377 0.0 0.881

391.t41 -36.388 0.0 0.516
391.125 -36.377 0.0 0.123
39r.t4t -36.388 0.0 0.024
391.141 -36.388 0.0 0.004
391.141 -36.388 0.0 0.001

391.125 -36.377 0.0 0.000

-40t.384 37.414 0.0 0.000
-397.778 37.706 0.0 0.000
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91 15.0 -0.06 0.020 20.660 29.890

, 92 15.0 -0.04 0.020 20.660 29.890
93 15.0 -0.02 0.020 20.660 29.890

, 94 15.0 -0.00 0.020 20.660 29.890
ì 95 ls.O 0.00 0.020 20.660 29.890

96 15.0 0.02 0.020 20.660 29.890' 97 ls.0 0.04 0.020 20.660 2g.8go
98 15.0 0.06 0.020 20.660 29.890
99 15.0 0.08 0.020 20.660 29.890
100 15.0 0.10 0.020 20.660 29.890
l0l 15.0 0.15 0.020 20.660 29.890

, 102 15.0 0.20 0.020 20.660 29.890
. 103 15.0 0.25 0.020 20.660 29.gg}
r 104 15.0 0.30 0.020 20.660 29.890
: 105 15.0 0.35 0.020 20.660 29.890
, 106 1s.0 0.40 0.020 20.660 29.890
: 107 15.0 0.45 0.020 20.660 29.890
, 108 15.0 0.50 0.020 20.660 29.890

109 is.O 0.55 0.020 20.660 29.890
, ilO 15.0 0.60 0.020 20.660 29.890
: 1ll 15.0 0.65 0.020 20.660 29.990
: ltZ tS.O O.7O O.O2O 20.660 2g.gg0
:113 15.0 0.72 0.020 20.660 29.890
:lt+ tS.O 0.74 0.020 20.660 2g.Bg0

;115 r5.0 0.76 o.o2o 20.660 29.890
r116 15.0 0.78 0.020 20.660 29.890
117 15.0 0.80 0.020 20.660 29.890
118 15.0 0.82 0.020 20.660 29.890

:119 15.0 0.84 0.020 20.660 29.990
, 120 15.0 0.86 0.020 20.660 2g.8go
:tZt tS.O O.gS 0.020 20.660 2g.Bg0
:122 l5.o o.9o o.o2o 20.660 2g.Bgo
lm ss o.gz o.ozo 20.660 2g.ggo
,124 t5.O O.g4 0.020 20.660 2g.gg0
,125 15.0 0.96 0.020 20.660 2g.8go
il26 15.0 0.98 O.O2O 20.660 2g.8g0
127 t5.0 1.00 0.020 20.660 29.890

-2.t09 r37.984 -397.681
-1.235 138.141 -397.675
-0.442 138.062 -397.766
-0.486 t37 .831 -401.34'r.

0.730 -23.837 -401.884

0.804 -23.8s1 -397.84t
1.532 -23.839 -397.663
2.281 -23.856 -397.775
3.019 -23.906 -397.663
3.868 -23.907 -397.841

5.671 -23.892 -397.638
8.279 -23.918 -398.516
10.214 -23.922 -397.206
12.791 -23.910 -397.516
l s.l09 -23.952 -396.934
16.197 -23.944 -396.934
18.536 -23.937 -396.919
21.495 -23.834 -397.269
23.440 -24.00t -396.916
25.318 -24.002 -396.922
27.715 -24.003 -396.934
30.148 -24.016 -397.497

31.074 -23.942 -397.172
31.961 -23.902 -397 .078
33.147 -23.947 -397.072

33.923 -23.883 -397.109
35.126 -23.95t -398.372

36.112 -23.969 -397.569
37.308 -23.986 -397.431
38.365 -23.983 -391.591

39.542 -23.780 -397.675

40.727 -23.556 -397.522
41.891 -23.574 -397.494
43.037 -24.053 -397.731

44.357 -23.819 -397.494
45.781 -23.881 -397.519
46.827 -24.019 -401.659

- l.810
-1.765

- 1.680

- 1.681

0.404
0.435
0.496
0.561

0.636

0.712
0.877

1.286

r.370
2.518

3.t70
r.989
2.643

4.382
5.333

5.866

5.246

5.914
5.818

5.953
6.285

6.903

7.085

7.174
6.990

7.298
7.175

7.278
7.351

L529
7.478
7.q3
7.569

16.037 -23.868 -396.934
16.055 -23.865 -396.934

37.722 0.0 0.000
37.721 0.0 0.000
37.708 0.0 0.000
37.372 0.0 0.000
37.453 1.0 1.000

37.983 1.0 1.000

37.927 1.0 L000
37.809 1.0 1.000

37.927 1.0 1.000

38.019 1.0 1.000

37.915 t.0 1.000

37.939 1.0 1.000

37.882 r.0 1.000

37.936 t.0 1.000

37.812 1.0 1.000

37.809 1.0 1.000

37.794 1.0 1.000

37.860 1.0 1.000

37.783 1.0 1.000

37.806 i.0 1.000

37.809 l 0 1.000

37.938 1.0 I .000

37.829 1.0 1.000

37.831 1.0 1.000

37.845 t.0 1.000

37.767 1.0 1.000

37.8i8 1.0 1.000

37.893 0.0 0.998
37.900 0.0 0.963

37.934 0.0 0.632
38.000 0.0 0.097
38.021 0.0 0.011

37.928 0.0 0.002
37.765 0.0 0.001

37.928 0.0 0.000
37.953 0.0 0.000

37.406 0.0 0.000

37 .817 1.0 1.000

37.817 1.0 1.000

128 i5.0 0.40 0.000 20.660 29.890 1.132
t29 15.0 0.40 0.002 20.660 29.890 1.212
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130 r5.0 0.40

131 15.0 0.40

132 15.0 0.40
133 15.0 0.40

134 15.0 0.40
135 15.0 0.40

136 15.0 0.40

137 t5.0 0.40

138 15.0 0.40
139 rs.0 0.40

140 15.0 0.40
141 15.0 0.40
142 15.0 0.40
143 15.0 0.40

144 15.0 0.40
145 15.0 0.40
146 15.0 0.40

147 15.0 0.40

148 15.0 0.40
149 15.0 0.40

150 15.0 0.40
151 15.0 0.40

152 15.0 0.40
153 15.0 0.40

154 15.0 0.40
155 15.0 0.40

r56 15.0 0.40
157 15.0 0.40

158 15.0 0.40
159 15.0 0.40
160 15.0 0.40

161 r5.0 0.40

162 15.0 0.40
163 15.0 0.40

t64 15.0 0.40

165 15.0 0.40

166 15.0 0.40

167 15.0 0.40

168 15.0 0.40
169 15.0 0.40

0.004 20.660 29.890
0.006 20.660 29ß90
0.008 20.ó60 29.890
0.0r0 20.660 29.890
0.012 20.660 29.890
0.ot4 20.660 29.890
0.016 20.660 29.890
0.018 20.660 29.890
0.020 20.660 29.890
0.025 20.660 29.890
0.030 20.6ó0 29.890
0.035 20.660 29.890
0.040 20.660 29.890
0.045 20.660 29.890
0.050 20.660 29.890

0.055 20.660 29.890

0.060 20.660 29.890
0.065 20.660 29.890
0.070 20.660 29.890
0.075 20.660 29.890
0.080 20.660 29.890
0.082 20.660 29.890
0.084 20.660 29.890
0.086 20.660 29.890
0.088 20.660 29.890

0.090 20.660 29.890
0.092 20.660 29.890
0.094 20.660 29.890
0.096 20.660 29.890

0.098 20.660 29.890
0.100 20.660 29.890

0.t02 20.660 29.890
0.104 20.660 29.890
0.106 20.660 29.890

0.108 20.660 29.890

0.110 20.660 29.890
0.112 20.660 29.890

0.114 20.660 29.890
0.116 20.660 29.890
0.118 20.660 29.890

16.073 -23.866

16.089 -23.867
16.1 l0 -23.863
16.125 -23.877

16.133 -23.914
16.145 -23.916
16.165 -23.912
16.181 -23.929
16.197 -23.944
16.299 -23.778

16.318 -23.867

16.344 -23.925
16.394 -23.911

16.432 -23.935
16.497 -23.886

16.558 -23.901
16.660 -23.906
16.847 -23.486
16.866 -23.540
t6.87t -23.688

16.907 -23.136

16.922 -23.745

16.930 -23.770

r6.938 -23.801

16.946 -23.838

16.953 -23.874
16.961 -23.907
16.968 -23.938
16.978 -23.964
16.994 -23.982
17.014 -23.993
17.040 -23.996
17.064 -23.989
17.090 -23.980
17.116 -23.97 4
17.140 -23.987

17.161 -24.014

17.181 -24.061
17.198 -24J23
17.229 -24.177

37.817 1.0 1.000

37.817 1.0 1.000

37 .817 1.0 1.000

37.817 1.0 1.000

37.8r4 1.0 1.000

37 .817 1.0 1.000

37.817 r.0 1.000

37.8t7 1.0 1.000

37.809 1.0 1.000

37.817 L0 1.000

37.8t7 1.0 I .000

37.817 1.0 1.000

37 .817 t.0 1.000

37.817 1.0 1.000

37.817 1.0 1.000

37.817 1.0 1.000

37.817 1.0 1.000

31.817 1.0 1.000

37.817 1.0 1.000

37.8t7 1.0 1.000

37.817 1.0 1.000

37.817 t.0 1.000

37.817 1.0 1.000

37.817 1.0 1.000

37 .817 |.0 1.000

37 .8t7 1.0 1.000

37 .817 1.0 1.000

37.817 1 .0 1.000

37.817 1.0 1.000

37 .817 1.0 1.000

37 .817 t.0 1 .000

37.8t7 0.0 l 000
37.817 0.0 1.000

37.817 0.0 0.999
37.8i7 0.0 0.998

37.817 0.0 0.996
37.814 0.0 0.992
37.8i7 0.0 0.983

37.817 0.0 0.963
37.8t4 0.0 0.923

1.294

1.376

1.460

r.545
1.636

1.727

1.814

1.901

1.989

2.2r3
2.433

2.658
2.885

3.110

3.340
3.572

3.798
4.O17

4.252

4.489
4.726

4.823

4.921

5.018

5.117

5.215

5.313
5.412

5.511

5.611

5.710
5.810

5.910

6.011

6.1t2
6.213

6.314
6.4r7
6.519
6.619

-396.934

-396.934
-396.934
-396.934

-396.934
-396.934

-396.934

-396.934
-396.934

-396.934

-396.934
-396.934

-396.934

-396.934
-396.934
-396.934

-396.934
-396.934
-396.934

-396.934
-396.934
-396.934

-396.934

-396.934
-396.934

-396.934
-396.934
-396.934

-396.934

-396.934
-396.934

-396.934

-396.934
-396.934

-396.934

-396.934
-396.934

-396.934
-396.934
-396.934
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t70 15.0 0.40 0.120 20.660 29.890 6.712 17.286 -24.166 -396.934 37.8Í7 o.O 0.867
l7l 15.0 0.40 0.125 20.660 29.890 6.937 17.487 -23.887 -396.934 37.817 0.0 0.642
172 15.0 0.40 0.130 20.660 29.890 7.t69 17.668 -23.534 -396.934 37.817 0.o o.2gg
173 15.0 0.40 0.135 20.660 29.890 7.429 17.717 -23.483 -396.934 37.817 0.0 0.042
174 15.0 0.40 0.140 20.660 29.890 7.698 17.713 -23.643 -396.934 37.817 0.0 0.003
175 15.0 0.40 0.14s 20.660 29.890 1.970 17.706 -23.832 -396.934 37.817 0.0 0.000
176 15.0 0.40 0.150 20.660 29.890 8.247 17.703 -23.ggt -396.934 37.817 0.0 0.000

' 177 -1s.0 -0.10 0.080 20.660 29.890 _8.840

r78-15.0 -0.08 0.080 20.660 29.890 _8.630

179-15.0 -0.06 0.080 20.660 29.890 -8.293
, 180-15.0 -0.04 0.080 20.660 29.890 _7.979

l8l -15.0 -0.02 0.080 20.660 29.890 -7.690
: 182 -15.0 -0.00 0.080 20.660 29.390 -7.535
, 183 -15.0 0.00 0.080 20.660 29.890 1.674
, lg¿ -ts.o o.oz 0.080 20.660 29.890 1.70g
., 185 -15.0 0.04 0.080 20.660 29.890 1.823
: 186 -15.0 0.06 0.080 20.660 29.890 r.943

187 -1s.0 0.08 0.080 20.660 29.890 2.058
188 -15.0 0.10 0.080 20.660 29.890 2.204

.189-15.0 0.15 0.080 20.660 29.890 2.468
, tso -ts.o o.zo 0.080 20.660 29.890 3.141
: lSl -tS.O O.ZS 0.080 20.660 29.890 3.340
; rgz -rs.o o.¡o 0.080 20.660 29.890 4.743
I 193 -15.0 0.35 0.080 20.660 29.890 5.577
, 194 -15.0 0.40 0.080 20.ó60 29.390 4.310
195 -15.0 0.45 0.080 20.660 29.890 5.143
196 -15.0 0.50 0.080 20.660 29.890 7.200
197 -15.0 0.55 0.080 20.660 29.890 8.220

i198 -15.0 0.60 0.080 20.660 29.890 8.736
i 199 - I 5.0 0.65 0.080 20.660 29.890 8.380

i200 -15.0 0.70 0.080 20.660 29.890 9.241
1201 -15.0 0.72 0.030 20.660 29.890 9.246
:2oz -t5.0 ol4 0.080 20.660 29.890 9.445
:203 -15.0 0.76 0.080 20.660 29.890 g.gg4
:

:204 -15.0 0.78 0.080 20.660 29.890 10.470
205 -15.0 0.80 0.080 20.660 29.890 t0.762
206 -15.0 0.82 0.080 20.660 29.890 11.012
207 -15.O 0.84 0.080 20.660 29.890 I 1 .033
208 -15.0 0.86 0.080 20.660 29.890 11.452

395.516 -37.362 0.0 0.005
392.244 -36.597 0.0 0.005
392.09t -36.466 0.O 0.004
392.091 -36.467 0.O 0.003
392.244 -36.598 0.0 0.003
395.si6 -37.363 0.0 0.003
323.178 -23504 t.o 0.893
391.284 -36.378 1.0 0.839
391.212 -36.406 1.0 0.933
391.850 -36.403 LO 0.971
391.2t2 -36.406 1.0 0.987
391.300 -36.38s 1.0 0.993
391.291 -36.383 1.0 0.998
392.187 -36.786 1.O 0.997
391.134 -36.450 1.0 1.000

391.237 -36.450 1.0 0.962
391.022 -36.461 LO 0.943
39t.125 -36.377 1.0 1.000

391.056 -36.466 1.0 1.000

391.175 -36.476 1.0 0.999
391.056 -36.466 1.0 0.992
391.159 -36.411 t.0 0.990
391.125 -36.426 1.0 1.000

391.303 -36.455 1.0 1.000

391.178 -36.476 1.O 1.000

39t.178 -36.478 t.0 1.000

39t.178 -36.479 1.0 0.998
391.828 -36.480 1.0 0.983
392.256 -36.840 1.0 0.866
391.541 -36.438 0.0 0.449
391.294 -36.479 0.0 0.086
391.469 -36.435 0.0 0.010

-4.916 139.028
-4.517 137.744

-3.662 137.706

-2.764 t37.775
-1.902 137J78
-1.793 t37388
0.850 -23.826

0.902 -23.841

1.640 -23.832
2.407 -23.826

3.168 -23.846

4.020 -23.871
5.839 -23.872

8.M6 -23.944

10.445 -23.880

12.861 -23.920
15.103 -23.789

16.605 -23.6t3
18.888 -23.4r5
21.488 -23.197

23.036 -23.777

24.342 -24.754

27.269 -24.218

29.378 -24.581

30.373 -24.550
31.219 -24.517

32.265 -24.190

32.903 -24303
34.049 -24.146

34.965 -24.072

36. 181 -24.151

37.068 -24.196
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209-15.0 0.88 0.080 20.660 29.890 1r.517 38.247 _24.052 3g1.478 _36.452 0.0 0.001
210 -15.0 0.90 0.080 20.660 29.890 1i.807 39.393 -23.677 3g1.47s _36.405 0.0 0.000
2n -15.0 0.92 0.080 20.660 29.890 t2.|,2 40.568 -23.035 391.331 -36.4s7 0.0 0.000
2t2-15.0 0.94 0.080 20.660 29.890 12.501 41.787 -22.789 3g2.t7s _36.467 0.0 0.000

: 213 -15.0 0.96 0.080 20.660 29.890 12.757 42.825 -23.969 391.337 _36.459 0.0 0.000
t 2t4-15.0 0.98 0.080 20.660 29.890 12.920 43.864 -24.504 3g1.45g -36.435 0.0 0.000
215-15.0 1.00 0.080 20.660 29.890 13.178 44.874 -24.440 395.466 _37.3s8 0.0 0.000

216 15.0 -0.10 0.080 20.660 29.890 _8.090

217 15.0 -0.08 0.080 20.660 29.890 -7.917
'218 15.0 -0.06 0.080 20.660 29.890 _7.659

219 15.0 -0.04 0.080 20.660 29.890 _7.395

'220 r5.0 -0.02 0.080 20.660 29.890 _7.1i1
',221 1s.0 -0.00 0.080 20.660 29.890 -7.024
',222 15.0 o.0o 0.080 20.660 29.890 1.673
, 223 r5.0 0.02 0.080 20.660 29.890 1.702
:224 15.0 0.04 0.080 20.660 29.890 1.832
225 15.0 0.06 0.080 20.660 2g.8go 1.969
226 ts.O O.O8 0.080 20.660 29.890 2.109

.227 1s.0 0.10 0.080 20.660 29.890 2.265
:228 15.0 0.15 0.080 20.660 29.890 2.605
:229 t5.0 0.20 0.080 20.660 29.890 3.267
:230 15.0 0.25 0.080 20.660 29.890 3.529

1232 t5.O 0.35 0.080 20.660 29.890 5.875
,233 1s.0 0.40 0.080 20.660 29.890 4.726
,234 15.0 0.45 0.080 20.660 29.890 5.619
235 15.0 0.50 0.080 20.660 29.890 7.726
,236 15.0 0.55 0.080 20.660 29.890 8.958
237 15.0 0.60 0.080 20.660 29.890 9.7t8
j238 15.0 0.65 0.080 20.660 Zg.gg0 9.278
:239 15.0 03o 0.080 20.660 29.890 10.235
I

1240 15.0 0.72 0.080 20.660 29.890 t0.235
:241 15.0 0.74 0.080 20.660 29.990 10.474
't242 15.0 0.76 0.080 20.660 29.890 10.988
'243 15.0 0.78 0.080 20.660 29.890 n.6g7
244 15.0 0.80 0.080 20.660 29.890 12.039
'245 t5.0 0.82 0.080 20.660 2g.8g0 12,295
246 15.0 0.84 0.080 20.660 29.390 12.267
247 15.0 0,86 0.080 20.660 29.890 12.767

-2.805 137J25 -401.384
-1.945 137322 -397.775
-1.111 i37.688 _397.681

-0.297 137j62 -397.681

0.467 137 .837 -397.775

0.490 r37.922 -401.34'7

1.040 -23.702 -323.969
1.050 -23.731 -397.841
1.841 -23.602 -397.663
2.614 -23.577 -397.775

3.378 -23.593 -397.663
4.240 -23.616 -397.841
6.047 -23.687 -397.638
8.733 -23.784 -398.516

10.743 -23.796 -397.206
13.297 -23.949 -397.516
1s.624 -23.902 -396.934
16.907 -23336 -396.934
19.2M -23,773 -396.919
22.124 -23.870 -397.244
24.252 -23302 -396.916
26.153 -23.153 -396.934
28.743 -23.48t -396.934
31.205 -23.420 -397.497

32.t72 -23.529 -397.172

33.078 -23532 -397.078
34.173 -22.998 -397.072

34.964 -23.342 -397.709
36.219 -22.856 -398.375

37.228 -22.862 -397.569
38.498 -22.954 -397.437

39.537 -23.122 -397.591

37.413 0.0 0.000
37.707 0.0 0.000
37.725 0.0 0.000
37.722 0.0 0.000
37.709 0.0 0.000
37.373 0.0 0.000
37.t62 1.0 0.981
37.983 1.0 0.963
37.9n 1.0 0.984
37.808 1.0 0.992
37.927 1.0 0.995
38.019 1.0 0.997
37.915 1.0 0.999
37.939 1.0 0999
37.882 1.0 1.000

37.936 1.0 0.988
37.8r2 1.0 0.979
37 .817 1.0 1.000

37.794 1.0 1.000

37.850 1.0 1.000

37.783 1.0 0.992
37.806 r.0 0.985

37.809 l .0 1.000

37.938 1.0 1.000

37.829 1.0 1.000

37.837 t.0 1.000

37.845 1.0 0.998

37.767 t.O 0.951

37.821 1.0 0.566
3t.941 0.0 0.129
37.897 0.0 0.026
37.934 0.0 0.002
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248 15.0 0.88

249 ts.o 0.90
250 15.O 0.92
251 15.0 0.94

252 15.0 0.96
253 ls.0 0.98
254 r5.0 1.00

0.080 20.660 29.890
0.080 20.660 29.890
0.080 20.660 29.890
0.080 20.660 29.890
0.080 20.660 29.890
0.080 20.660 29.890
0.080 20.ó60 29.890

40.729 -23.412
41.850 -23.744
42.918 -23.849
44.166 -23.747
45.509 -23.802
47.007 -24.048
48.095 -24.161

-4.631 137.887
-3.704 137.89t
-2.798 138.072
-1.949 138.044
-1.245 137.859
- 1.130 137.972

0.690 -23.861
0.770 -23.860
1.497 -23.865
2.254 -23.865
2.994 -23.915
3.847 -23.912
5.663 -23.899
8.264 -23.87s
10.241 -23.846
12.670 -23.871
14.890 -23.873
16.243 -23.911
18.495 -23.891
21.098 -23.862
23.010 -23.709
24.762 -23.934
27.352 -23.903
29.565 -24.022
30.518 -24.024
31.397 -24.00t
32.548 -23.913
33.148 -23.935
34.338 -23.928

35.299 -23.841
3ó.550 -23.733

37.504 -23.668

38.000 0.0 0.001

38.02i 0.0 0.000
37.928 0.0 0.000
37.765 0.0 0.000
37.928 0.0 0.000
37.953 0.0 0.000
37.406 0.0 0.000

-5.628 0.0 0.000
-5.158 0.0 0.000
-5.052 0.0 0.000
-5.051 0.0 0.000
-5.159 0.0 0.000
-5.647 0.0 0.000
-5.058 1.0 1.000

-5.025 1.0 1.000
-5.057 I .0 1.000

-5.104 1.0 1.000

-5.049 1.0 1.000
-5.013 1.0 I .000
-5.035 1.0 1.000
-5.022 1.0 1.000

-5.070 1.0 1.000
-5.064 1.0 1.000

-5.1 15 I .0 1.000

-5.128 1.0 1.000
-5.122 1.0 1.000

-5.095 1.0 I .000
-5.122 1.0 1.000

-5.127 1.0 1.000

-5.114 1.0 1.000

-5.058 1.0 r.000
-5.090 1.0 1.000

-5.082 1.0 1.000

-5.099 L0 1.000
-5.082 1.0 1.000

-5.030 1.0 0.999
-5.007 0.0 0.990
-5.056 0.0 0.767
-5.020 0.0 0.226

1 -25.0 -0.10 0.020 20.660 29.890 _2.274

2 -25.0 -0.o2 0.020 20.660 29.890 -2.164
3 -25.0 -0.06 0.020 20.660 29.890 _2.083
4 -25.O -0.04 0.020 20.660 29.890 _1.927

', 5 -25.0 -0.02 o.o2o 20.660 2g.8g0 -1.816, 6 -25.0 -0.00 0.020 20.660 29.890 _1.793
, 7 -25.0 0.00 0.020 20.660 29.890 0.387
, 8 -25.0 0.02 0.020 20.660 29.890 0.422
,. 9 -25.0 0.04 0.020 20.660 29.890 0.462
, i0 -25.0 0.06 0.020 20.660 29.890 0.502
. lt -25.0 0.08 0.020 20.660 29.890 0.s47
::, 12 -25.0 0.1O 0.020 20.660 29.890 0.606
. 13 -25.0 0.15 0.020 20.660 2g.8go 0.685
¡ 14 -25.O 0.20 0.020 20.660 Z9.g9O 1.098
: t5 -25.0 0.25 0.020 20.660 2g.8g0 1.088
', t6 -2s.0 o.3o 0.020 20.660 2g.gg0 2.21s
: tl -ZS.O O.ZS O.O2O 20.660 2g.gg0 2.7gg
I ra -zs.o o.+o o.o2o 20.660 2g.Bg0 1.3g2
: tg -25.0 0.4s 0.020 20.660 2g.ggo 1.952
'20 -25.0 0.50 0.020 20.660 29.890 3.684
2t -25.0 0.55 0.020 20.660 29.890 4.473

:22 -25.0 0.60 0.020 20.660 29.890 4.800
:23 -25.0 0.65 0.020 20.660 2g.Bg0 4.163
,24 -25.0 0.70 0.020 20.660 2g.SgO 4.690
izs -zs.o olz 0.020 20.660 2g.ggo 4.5g4
:26 -25.0 0.74 0.020 20.660 29.890 4.658
:27 -25.0 0.76 0.020 20.660 2g.gg} 4.976
',28 -25.0 018 0.020 20.660 29.890 5.436
',29 -25.0 0.80 0.020 20.660 29.890 5.566
30 -25.0 0.82 0.020 20.660 29.890 5.698
31 -25.0 0.84 0.020 20.660 29.890 5.589
32 -25.0 0.86 0.020 20.660 29.890 5.875

12.799

13.068

13.312

13.698

13.89r

14.036

f 4.342

-397.675

-397.522

-397.494
-397.731

-397.494

-397.519
-401.659

238.172

236.134
235.950
235.950
236.131

238.172

238.122

235.588

235.572

235.956
235.572

235.58t
235.559
236.206

235.434

235.572

235.447

235.441

235.437

235.478
235.437

235.441

235.447

235.613

235.491

235.503

235.484

235.947

236.253

235.759

235.641

235.653



Appendix D 200

33 -25.0 0.88

34 -25.0 0.90

35 -25.0 0.92

. 36 -25.0 0.94
: 31 -25.0 0.96

: 38 -25.0 0.98
, 39 -25.0 1.00

40 -25.0 0.40
4r -25.0 0.40
42 -25.0 0.40
43 -25.0 0.40
44 -25.0 0.40
45 -25.O 0.4A

46 -25.0 0.40
47 -25.O 0.40
48 -25.0 0.40

, 49 -25.0 0.40
, 50 -25.0 0.40

', 5I -2s.0 o.4a
, 52 -25.O 0.40

. 53 -25.0 0.40
: 54 -25.0 0.4O

: ss -zs.o o.+o

¡ 56 -25.0 0.4O

: Sl -ZS.O O.qO

, 58 -25.0 0.40

59 -25.O 0.40
, 60 -25.0 0.40
. 61 -25.0 0.40

: 62 -25.0 O.4o

. 63 -25.0 0.40

l Sq -zs.o o.n
, 65 -25.O 0.40
, 6ø -zs.o o.¿o
, 67 -25.0 0.40
' 68 -25.0 0.40
,69 -25.O 0.40

70 -25.0 0.4a

7t -25.0 0.40

0.020 20.660 29.890 5.783
0.020 20.660 29.890 5.887
0.020 20.660 29.890 5.992
0.020 20.660 29.890 6.197
0.020 20.660 29.890 6.296
0.020 20.660 29.890 6.38s
0.020 20.660 29.890 6.452

0.000 20.660 29.890 0.498
0.002 20.660 29.890 0.s82
0.004 20.660 29.890 0.669
0.006 20.660 29.890 0.755
0.008 20.660 29.890 0.847
0.010 20.660 29.890 0.937
0.012 20.660 29.890 1.025
0.014 20.660 29.890 1.115

0.016 20.660 29.890 1.204
0.018 20.660 29.890 1.292

0.020 20.660 29.890 1.382
0.025 20.660 29.890 1.608

0.030 20.660 29.890 1.836
0.035 20.660 29.890 2.067
0.040 20.660 29.890 2.309
0.045 20.660 29.890 2.554
0.050 20.660 29.890 2.786
0.055 20.660 29.890 3.021
0.060 20.660 29.890 3.255
0.065 20.660 29.890 3.490
0.070 20.660 29.890 3.725
0.075 20.660 29.890 3.967
0.080 20.660 29.890 4.211
0.082 20.660 29.890 4.307
0.084 20.660 29.890 4.403
0.086 20.660 29.890 4.499
0.088 20.660 29.890 4.597
0.090 20.660 29.890 4.697
0.092 20.660 29.890 4.797
0.094 20.660 29.890 4.897
0.096 20.660 29.890 4.995
0.098 20.660 29.890 5.091

38.66s -23.971

39.738 -24.002
40.878 -24.001.

42.t02 -23.939
43.310 -24.064

44.851 -23.463
45.792 -23.931

-5.031 0.0 0.024
-5.004 0.0 0.003
-5.055 0.0 0.001

-5.104 0.0 0.000
-5.041 0.0 0.000
-5.01 I 0.0 0.000
-5.053 0.0 0.000

-5.128 1.0 1.000

-5.128 1.0 1.000

-5.128 1.0 1.000

-5.128 1.0 1.000

-5.128 1.0 1.000

-5.128 1.0 1.000

-5.128 1.0 i.000
-5.128 i.0 1.000

-5.128 1.0 1.000

-5.128 1.0 1.000

-5.128 1.0 1.000

-5.128 i.0 1.000
-5.128 1.0 1.000

-5.128 1.0 1.000

-5.128 l 0 1.000
-5.128 1.0 1.000

-5.128 1.0 1.000

-5. 128 L0 I .000

-5.128 1.0 1.000

-5.t28 1.0 1.000

-5. 128 1 .0 I .000
-5.t28 1.0 1.000

-5. 128 I .0 I .000
-5.128 1.0 1.000

-5. 128 1 .0 1 .000
-5. 128 1 .0 I .000
-5. 128 1 .0 t .000
-5. 128 1 .0 1 .000

-5.128 1.0 1.000

-5.128 1.0 1.000
-5.128 1.0 1.000

-5.t28 1.0 1.000

235.772

235.706

235.622

235.972

235.609

235.703

238.159

16.223 -23.875 235.441
16.223 -23.877 235.441
16.225 -23.879 235.441
16.229 -23.886 235.441
16.250 -23.859 235.441
t6.259 -23.831 235.441
16.254 -23.856 235.44t
16.244 -23.885 235.44r
16.242 -23,897 235.441
16.241 -23.906 235.441
16.243 -23.911 23s.M1
16.255 -23.878 235.441
16.272 -23.852 235.441
16.293 -23.852 235.441
16.362 -23.827 235.441
16.377 -23.743 235.441
16.307 -23.948 235.441
16.268 -24.054 235.441
16.270 -24.036 235.441
16.245 -24.100 235.441
16.231 -24.142 235.441
16.244 -24.t22 235.44r
16.255 -24.1t7 235.441
16.257 -24.t56 235.Mr
16.254 -24.211 235.441
16.259 -24.260 235.441
16.302 -24.232 235.441
16.371 -24.105 235.44r
16.446 -23.928 235.441
16.501 -23.755 235.441
16.517 -23.659 235.44r
16.513 -23.660 235.441



Appendix 201

'72 -25.0 0.40

73 -25.0 0.40

74 -25.0 0.40

75 -25.0 0.40
: 76 -25.0 0.40
, 77 -25.O 0.40

78 -25.0 0.40

79 -25.0 0.40

80 -25.0 0.40

81 -25.0 0.40

82 -25.0 0.40

83 -25.0 0.40
' 84 -25.0 0.40

85 -25.0 0.40

' 86 -25.0 o.4o
'. 87 -25.0 O.4o

. 88 -25.0 0.40

.

89 25.0 -0.10
'. 90 25.0 -O.02
:

: 91 25.0 -0.06

, 92 25.O -0.04
: 93 25.0 -0.O2

: 94 25.0 -0.00

I 95 25.0 0.00

: 96 25.0 0.02

, 97 25.0 0.04

98 25.0 0.06
, 99 25.0 0.08

.l00 25.0 0.10

:lOt ZS.O O.tS

:102 25.0 0.20
:

:r03 25.0 0.25

,rcq zs.o 0.30

, tOS ZS.O O.:s
.106 25.0 0.40
:

.107 25.0 0.45

108 25.0 0.50

r09 25.0 0.55

110 25.0 0.60

0.100 20.660 29.890

0.102 20.660 29.890
0.104 20.660 29.890
0.106 20.660 29.890
0.108 20.660 29.890
0.110 20.660 29.890
0.1t2 20.660 29.890
0.114 20.660 29.890
0.116 20.660 29.890
0.118 20.660 29.890
0.120 20.660 29.890
0.125 20.660 29.890
0.130 20.660 29.890
0.135 20.660 29.890
0.140 20.660 29.890
0.145 20.660 29.890
0.150 20.660 29.890

0.020 20.660 29.890
0.020 20.660 29.890
0.020 20.660 29.890
0.020 20.660 29.890
0.020 20.660 29.890
0.020 20.660 29.890
0.020 20.660 29.890
0.020 20.660 29.890
0.020 20.660 29.890
0.020 20.660 29.890
0.020 20.660 29.890
0.020 20.660 29.890
0.020 20.660 29.890
0.020 20.660 29.890
0.020 20.660 29.890
0.020 20.660 29.890
0.020 20.660 29.890
0.020 20.660 29.890
0.020 20.660 29.890
0.020 20.660 29.890
0.020 20.660 29.890
0.020 20.660 29.890

t6.495 -23.715 235.44t
16.417 -23395 235.441
16.461 -23.873 235.441
16.454 -23.926 235.441
t6.452 -23.953 235.441
16.452 -23.966 235.441
16.451 -23.979 235.441
16.445 -24.004 235.441
16.442 -24.034 235.441
16.438 -24.06t 235.441
16.438 -24.088 235.Mr
16.444 -24.124 235.44r
16.457 -24.130 235.441
16.488 -24.100 235.441
16.558 -23.991 235.44t
16.646 -23.798 235.441
16.723 -23.631 235.441

-5.128 1.0 1.000

-5.128 0.0 L000
-5.128 0.0 1.000

-5.128 0.0 0.999
-5.128 0.0 0.999
-5.128 0.0 0.998
-5.128 0.0 0.996
-5.125 0.0 0.992
-5.128 0.0 0.983

-5.128 0.0 0.965
-5.128 0.0 0927
-5.128 0.0 0.639
-5.128 0.0 0.178
-5.128 0.0 0.024
-5.128 0.0 0.003
-5.128 0.0 0.000
-5.128 0.0 0.000

39.158 0.0 0.000
39.565 0.0 0.000

39.620 0.0 0.000

39.621 0.0 0.000

39.558 0.0 0.000
39.132 0.0 0.000

39.798 1.0 1.000

39.531 1.0 I .000

39.570 1.0 L000
39.599 1.0 1.000

39.568 1.0 1.000

39.540 1.0 1.000

39.562 1.0 1.000

39.611 1.0 1.000

39.538 1.0 1.000

39.571 LO 1.000

39.571 1.0 1.000

39.535 1.0 1.000

39.544 1.0 1.000

39.521 1.0 1.000

39.542 t.O 1.000

39.529 1.0 1.000

5.186

5.n9
5.374

5.469
5.565

5.661

5.758

5.854

5.949

6.047

6.143

6.386

6.633

6.880

7.131

7.386
7.643

- 1.865

-1.796

-1.7 47

-t.664
- l .685

-1.619

0.4t3
0.442

0.513

0.584

0.660

0.738

0.923

1.337

1.441

2.587

3.248
2.143
2.809

4.530

5.520
6.111

-236.419
-234.356

-234.256
-234.256

-234.347

-236.412

-236.622

-234.038

-234.031

-234.290

-234.031

-234.038
-234.025

-234.700
-233.878
-234.022

-233.828
-233.828

-233.759

-233.847

-233.759
-233.822

-3.752 137.825
-2.763 138.072

-1.929 138.016

-1.102 t38.062
-0.398 137.794
-0.266 137.984

0.725 -23.872
0.801 -23.880

1.532 -23.872

2.282 -23.872
3.034 -23.886

3.884 -23.883
5.692 -23.865
8.352 -23378
10.293 -23.797

12.891 -23.882

15.214 -23.876

16.263 -23.861
18.593 -23.893

2t.606 -23.894
23.697 -23.865
25.624 -23.827



Appendix 202

111 25.0 0.65

112 25.0 0.70

' 113 25.0 0.72

, 114 25.0 034
, ll5 25.0 0.76

, n6 25.0 0.78

1t7 25.0 0.80

I 18 25.0 0.82

fig 25.0 0.84

120 25.0 0.86

121 25.0 0.88

122 25.0 0.90
123 25.0 0.92

124 25.0 0.94
: 125 25.0 0.96', 

126 25.0 O.g8

127 25.0 1.00

128 25.0 0.40
, 129 25.0 0.40

', t3o 25.0 o.4o
: t3t 25.0 0.40

'. 132 z5.o o.4o
: tzr z5.o o.qo
:: 134 25.0 O.4O

' t35 25.0 o.4o

136 25.0 0.40

137 25.0 0.40

138 25.0 0.40

, 139 25.0 0.40

, AO ZS.O O.qO

| 141 25.0 0.40
, r42 25.o o.4o
:t43 25.0 o.4o

'uq z5.o o.4o
:t+s z5.o o.qo

146 25.0 0.40

t47 25.0 0.40

t48 25.O 0.4A

149 25.0 0.40

0.020 20.660 29.890
0.020 20.660 29.890
0.020 20.660 29.590
0.020 20.660 29.890
0.020 20.660 29.890
0.020 20.660 29.890
0.020 20.660 29.890
0.020 20.660 29.890
0.020 20.660 29.890
0.020 20.660 29.890
0.020 20.660 29.890
0.020 20.660 29.890
0.020 20.660 29.890
0.020 20.660 29.890
0.020 20.660 29.890
0.020 20.660 29.890
0.020 20.660 29.890

27.986 -23388
30.458 -23.800

31.361 -23.802
32.2s6 -23.788
33.453 -23.173

34.278 -23.722
35.522 -23.696
36.526 -23.717
37.712 -23.700
38.762 -23.810
39.831 -23.821
40.982 -23936
42.146 -23.996

43.444 -23.984
44.749 -23.912
46.136 -23.872

47.254 -23.729

16.042 -23.865
16.061 -23.866
16.083 -23.863
16.105 -23.868

16.122 -23.899
16.159 -23.870
t6.t9t -23.827
16.208 -23.834
16.226 -23.845

16.244 -23.851
16.263 -23.861
16.329 -23.838

16.377 -23.874
16.423 -23.944
t6.445 -24.083
16.625 -23.790
16.661 -23.800
i6.680 -23.910
16322 -23.955
16.762 -23.992
16.792 -24.061
16.843 -24.095

39.566 1.0 1.000

39.539 1.0 1.000

39.514 1.0 1.000

39.53s l .0 1.000

39.510 r.0 I .000

39.602 1.0 1.000

39.571 1.0 1.000

39.514 0.o 0.997
39.5t0 0.0 0.927

39.502 0.0 0.497
39.525 0.0 0.088

39.490 0.0 0.013
39.520 0.0 0.003

39.577 0.0 0.001

39.539 0.0 0.000

39.50r 0.0 0.000

39.798 0.0 0.000

39.534 t.0 1.000

39.534 1.0 1.000

39.534 1.0 1.000

39.535 1.0 1.000

39.535 1.0 1.000

39.535 L0 1.000

39.534 t.0 1.000

39.534 t,0 1.000

39.534 1.0 1.000

39.534 1.0 1.000

39.535 1.0 1 000

39.534 LO 1.000

39.534 1.0 1.000

39.534 1.0 1.000

39.530 1.0 i.000
39.534 1.0 1.000

39.536 1.0 1.000

39.534 1.0 1.000

39.536 l .0 1.000

39.534 1.O 1.000

39.534 1.0 1.000

39.535 1.0 1.000

0.000 20.660 29.890 f .297
0.002 20.660 29.890 1.377

0.004 20.660 29.890 1.459
0.006 20.660 29.890 1.542

0.008 20.660 29.890 1.627

0.010 20.660 29.890 1.717

0.012 20.660 29.890 1.803

0.014 20.660 29.890 1.887

0.016 20.660 29.890 1..972

0.018 20.660 29.890 2.057
0.020 20.660 29.890 2.143
0.025 20.660 29.890 2.359
0.030 20.660 29.890 2.580
0.035 20.660 29.890 2.818
0.040 20.660 29.890 3.064
0.045 20.660 29.890 3.282
0.050 20.660 29.890 3.512
0.055 20.660 29.890 3.746
0.060 20.660 29.890 3.981

0.065 20.660 29.890 4.220
0.070 20.660 29.890 4.460
0.075 20.660 29.890 4.702

5.500

6.187

6.102
6.252

6.577

7.231

7.400
7.47 4
7.283
7.605

7.480
7.575

7.620
7.820

7.736

7.592
7.800

-233.812

-234.006

-233.837

-233.844

-233.828

-234.262

-234.625

-234.006

-233.978
-234.019

-234.062

-234.012
-233.991

-234.284
-234.006
-234.019

-236.538

-233.828

-233.828
-233.828
-233.828

-233.828
-233.828
-233.828

-233.828
-233.828

-233.828

-233.828
-233.828

-233.828
-233.828
-233.828

-233.828
-233.828

-233.828

-233.828
-233.828
-233.828

-233.831



Appendix D 203

1s0 25.0 0.40 0.080 20.660 29.890 4.944
t5t 25.0 o.4o 0.082 20.660 29.890 5.042
152 25.0 0.40 0.084 20.660 29.890 5.140
153 25.0 0.40 0.086 20.660 29.890 5.238

, ßq zs.o 0.40 0.08s 20.660 29.890 5.337
, 155 25.O 0.40 0.090 20.660 29.890 5.435

t56 25.0 0.40 0.092 20.660 29.890 5.525
Is'Ì 25.O 0.40 0.094 20.660 29.890 5.609
158 25.0 0.40 0.096 20.660 29.890 s.691
r59 25.O 0.40 0.098 20.660 29.890 5.776
160 25.0 0.40 0.100 20.660 29.890 5.866
161 25.0 0.40 0.102 20.660 29.890 s.965

. 162 25.0 0.40 0.104 20.660 29.890 6.067
163 25.O 0.40 0.106 20.660 29.890 6.169

I t64 2s.o 0.40 0.108 20.660 29.890 6.273
. 16s 25.0 0.40 0.rr0 20.660 29.890 6.376
. 166 25.0 0.40 0.112 20.660 29.890 6.479
, 167 25.0 0.40 0.114 20.660 29.890 6.582
: tos zs.o o.¿o 0.t16 20.660 2g.8go 6.686
. 169 25.O 0.40 0.118 20.660 29.890 6.792
: 170 25.0 O.4O 0.120 20.660 2g.BgO 6.897
.171 25.0 0.40 0J25 20.660 29.890 7.162
, 172 25.0 0.40 0.130 20.660 29.890 7.424
,173 25.O 0.40 0.135 20.660 29.890 7.684
1174 25.0 O.40 0.140 20.660 2g.8g} 7.941
:,ns 25.0 0.40 0.145 20.660 2g.gg0 8.196
116 25.0 0.40 0.150 20.660 29.890 8.443

16.919 -24.066 -233.828 39.536 1.0 1.000
16.949 -24.055 -233.828 39.534 t.O r.000
16.979 -24.06s -233.828 39.534 1.0 1.000
17.005 -24.099 -233.828 39.s3ó t.0 1.000
17.028 -24.156 -233.828 39.536 1.0 1.000
17.052 -24.210 -233.828 39.537 1.0 1.000
17.112 -24.208 -233.828 39.534 1.0 1.000
17.202 -24.102 -233.828 39.535 1.0 1.000
17.302 -23.930 -233.828 39.536 1.0 1.000
17.395 -23.741 -233.828 39.534 1.0 1.000
17.459 -23.591 -233.828 39.534 1.0 1.000
17.487 -23.539 -233.828 39.534 0.0 1.000
17.501 -23.568 -233.828 39.536 0.0 1.000
17.505 -23.633 -233.828 39534 0.0 0.999
17.510 -23.71s -233.828 39.534 0.0 0.998
r7.517 -23388 -233.828 39.535 0.0 0.995
17.529 -23.848 -233.828 39.536 0.0 0.989
17.543 -23.892 -233.828 39.534 0.0 0.976
17.557 -23.930 -233.828 39.530 0.0 0.946
17.569 -23.971 -233.828 39.530 0.0 0.878
17.583 -24.017 -233.828 39.534 0.o 0.748
17.623 -24.135 -233.828 39.534 0.0 0.226
17.682 -24.228 -233.828 39.534 0.0 0.028
17.758 -24.280 -233.828 39.535 0.0 0.003
17.850 -24.284 -233.828 39.530 0.0 0.000
17.974 -24.234 -233.828 39.534 0.0 0.000
18.141 -24.080 -233.828 39.534 0.0 0.000

,177 -25.O -O.to 0.080 20.660 29.890 -8.940 -6.188 t38.4gt 238.172 _5.628 0.0 0.000
, 178 -25.0 -0.08 0.080 20.660 29.890 -8.715 -5.222 138.578 236.134 -5.158 0.0 0.000
:179 -25.0 -0.06 0.080 20.660 29.890 -8.357 -4.252 138.ó31 235.g50 -5.052 0.0 0.000
: 180 -25.0 -0.04 0.0s0 20.660 29.s90 -7.986 -3.704 137.734 235.950 -5.053 0.0 0.000
i18l -25.0 -0.02 0.080 20.660 29.890 -7.666 -3.009 137.163 236.131 -5.1s9 0.0 0.000
.182 -25.0 -0.00 0.080 20.660 29.890 -7.524 -2.886 137.13 238.172 -5.647 0.0 0.000
'183 -25.0 0.00 0.080 20.660 29.390 1.669 0.849 -23.696 238.122 -5.058 1.0 0.883:,t84 -2s.0 o.o2 0.080 20.660 29.890 1.711 o.gz5 -23.692 235.588 -s.02s 1.0 0.870
,185 -25.0 0.04 0.080 20.660 29.890 1.820 t.669 -23.651 235.572 _5.057 t.o 0.952
'186 -25.0 0.06 0.080 20.660 29.890 t.g3s 2.441 -23.603 235.956 -s.104 1.0 0.982
187 -25.0 0.08 0.080 20.660 29.890 2.047 3.192 -23.622 235.572 -5.053 t.o o.gg2
188 -25.0 0.10 0.080 20.660 29.890 2.194 4.025 -23.666 235.581 -5.013 1.0 0.996
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189 -25.0 0.15

190 -25.0 0.20

191 -25.0 0.25
t92 -25.O 0.30

. 193 -25.0 0.35
', 194 -25.O 0.40

195 -25.0 0.45

196 -25.0 0.50
197 -25.0 0.s5
198 -25.0 0.60
199 -25.0 0.6s

, 200 -25.0 0.'t0
. 201 -25.0 0.72

: 202 -25.0 0.74
, 203 -25.0 036
:, zo4 -25.0 o.l8
: 205 -25.0 0.80

: 206 -25.0 0.82

.207 -25.0 0.84
i 208 -25.0 0.86

209 -25.0 0.ss
',210 -25.0 0.90
',211 -25.0 0.92
:212 -2s.o 0.94

i2t3 -25.0 0.96
izt+-zs.o o.gg
'215 -25.0 1.00

0.080 20.660

0.080 20.660

0.080 20.660

0.080 20.660

0.080 20.660

0.080 20.660

0.080 20.660

0.080 20.660

0.080 20.660

0.080 20.660

0.080 20.660

0.080 20.660

0.080 20.660

0.080 20.660

0.080 20.660

0.080 20.6ó0

0.080 20.660

0.080 20.660

0.080 20.660

0.080 20.660

0.080 20.660

0.080 20.660

0.080 20.660

0.080 20.660

0.080 20.660

0.080 20.660

0.080 20.660

29.890 2.445
29.890 3.It8
29.890 3.291

29.890 4.676

29.890 5.483

29.890 4.211

29.890 5.001

29.890 6.962
29.890 7.933
29.890 8.49'1

29.890 8.139
29.890 8.910
29.890 8.906

29.890 9.071
29.890 9.50s
29.890 10.037

29.890 10.259

29.890 10.483

29.890 10526
29.890 10.925

29.890 1 1.000

29.890 11.276

29.890 11.545

29.890 11.897

29.890 12.188

29.890 12.432

29.890 t2.719

5.871 -23.550 235.559
8.485 -23.485 236.206
10.408 -23.622 235.434
12.847 -23.588 235.572
14.928 -23.921 235.447
16.255 -24.1t7 235.441
18.419 -24.281 235.437
20.764 -24.570 235.478
22.575 -24.061 235.437
24.494 -23.440 235.441
27.180 -23303 235.447
29.415 -23.371 235.613
30.372 -23.404 235.488
31.218 -23.272 235.503
32.017 -23.343 235.494
32.816 -23.035 235.947
33.581 -23.821 236.253
34.343 -23.943 235.759

35.546 -24.146 235.641
36.363 -24.393 235.653
37.493 -24.485 235.772
38.544 -24.492 235.703

39.593 -24.431 235.609
40J52 -24.302 235.972
41.907 -24.381 235.609
43.222 -24.398 235.703

44.380 -23.667 238.159

-5.035 1.0 0.999
-5.O22 t.0 0.999
-5.070 1.0 1.000

-5.064 1.0 0.985
-5.115 l 0 0.969
-5.128 1.0 1.000

-5.122 1.0 1.000

-5.095 1 .0 1.000

-5.122 1.0 0.998
-5.127 1.0 0.999
-5.114 1.0 1.000

-5.058 1.0 L000
-5.090 1.0 I .000

-5.082 1 .0 1.000

-5.097 1.0 1.000

-5.082 1.0 0.999
-5.030 1.0 0.997
-5.007 0.0 0.986
-5.057 0.0 0.898
-5.010 0.0 0.509
-5.031 0.0 0.099
-5.004 0.0 0.012
-5.057 0.0 0.002
-5.104 0.0 0.000
-5.041 0.0 0.000
-5.0rl 0.0 0.000
-5.053 0.0 0.000

2t6 25.0 -0.t0 0.080 20.660 29.890 -7.7s0 -1.850 138.466 -236.419 39.158 0.0 0.000
,217 25.0 -0.08 0.080 20.660 29.890 -7.557 -0.978 138.400 -234.347 39.557 0.0 0.000
:218 25.0 -0.06 0.080 20.660 2g.8g0 -7.306 -0.168 138.553 -234.256 39.620 0.0 0.000
;2r9 25.0 -0.04 0.080 20.660 29.890 -7.249 0.220 137.478 -234.256 39.621 0.0 0.000
lzzo zs.o -o.oz 0.080 20.660 29.890 -7.110 0.848 t3i.2t6 -234.347 39.558 0.0 0.000
.221 25.0 -0.00 0.080 20.660 2g.8go -6.962 0.8?l 137.378 -236.4t2 39.132 0.0 0.000
'222 25.0 0.00 0.080 20.660 29.890 1.686 1.009 -23.795 -236.622 39.797 I.O 0.971
',223 25.0 o.O2 0.080 20.660 29.890 1.722 1.087 -23.790 -234.038 39.532 1.0 0.968
:224 25.0 0.04 0.080 20.660 29.890 1.862 t.827 -23.778 -234.031 39.570 1.0 0.984
225 25.0 0.06 0.080 20.660 29.890 2.006 2.595 -23.798 -234.287 39.598 1.0 0.991
226 25.0 0.08 0.080 20.660 29.890 2.153 3.367 -23.839 -234.031 39.566 t.O 0.gg5
227 25.0 0.10 0.080 20.660 29.890 2.315 4.237 -23.869 -234.038 39.540 1.0 0.997
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228 25.0 0.15

229 25.0 0.20

230 25.0 0.25
, 231 25.0 0.30.:

'. 232 25.0 0.35
, 233 25.0 0.40

234 25.0 0.45

235 25.0 0.50

236 25.0 0.55

237 25.0 0.60

238 25.0 0.65
, 239 25.0 0.70

240 25.0 0.72
: 241 25.0 0.74
: 242 25.0 0.76

, 243 25.0 0.78

' 244 25.0 0.80
' 245 25.0 0.82
. 246 25.0 0.84
: 247 25.0 0.86

. 248 25.0 0.88
: zqg zs.o o.go

, 250 25.0 0.92

: 251 25.0 0.94

i 252 2s.o 0.96
',253 25.0 o.g8
'254 25.0 1.00

0.080 20.660

0.080 20.660

0.080 20.660

0.080 20.660

0.080 20.660

0.080 20.ó60

0.080 20.660

0.080 20.660

0.080 20.660

0.080 20.660

0.080 20.660

0.080 20.660

0.080 20.660

0.080 20.660

0.080 20.660

0.080 20.660

0.080 20.660

0.080 20.660

0.080 20.660

0.080 20.660

0.080 20.660

0.080 20.660

0.080 20.660

0.080 20.660

0.080 20.660

0.080 20.660

0.080 20.660

29.890 2.677

29.890 3.353
29.890 3.644

29.890 5.090

29.890 6.005

29.890 4.944
29.890 5.869

29.890 7.968
29ß90 9.245
29.890 9.976

29.890 9.623

29.890 10.639

29.890 10.614

29.890 10.860

29.890 11.423

29.890 12.159

29.890 12540
29.890 12.764

29.890 t2.712
29.890 13.216

29.890 13.232

29.890 13.484

29.890 13.693

29.890 14.029

29ß90 14.105

29.890 14.t42
29.890 14.451

39.562 1.0 0.999
39.629 1.0 0.998
39.538 1.0 1.000

39.571 1.0 0.975
39.571 1.0 0.952

39.536 t.0 1.000

39.544 1.0 1.000

39.521 1.0 0999
39.542 1.0 0.884
39.529 1.0 0.871

39.568 1.0 1.000

39.539 1.0 I .000

39.514 1.0 1.000

39.535 1.0 0.999

39.506 1.0 0.993

39.602 1.0 0.772

39.570 1.0 0.207

39.514 0.0 0.036

39.513 0.0 0.011

39.499 0.0 0.001

39.521 0.0 0.000
39.490 0.0 0.000

39.520 0.0 0.000

39.577 0.0 0.000

39.539 0.0 0.000

39.501 0.0 0.000

39.798 0.0 0.000

6.079 -23.903 -234.025

8.761 -23.975 -234.722

10.761 -23.968 -233.878
13.385 -23.976 -234.022
15.749 -23.988 -233.828
16.919 -24.066 -233.828
19.31I -24.292 -233.759
22.312 -24.408 -233.847

24.174 -24150 -233.759
26.138 -24.654 -233.822

28.848 -24.568 -233.828
31.386 -24.615 -234.006
32.444 -24.471 -233.837
33.400 -24.407 -233.844
34.453 -24.484 -233.825
35.385 -24.491 -234.262

36.544 -24.529 -234.625

37.593 -24.496 -234.006
38.874 -24.505 -233.978
39.993 -24.527 -234.019
41.235 -24.538 -234.062
42.483 -24.514 -234.012
43.779 -24.507 -233.991
45.274 -24380 -234.272

46.777 -23.749 -234.006
48.391 -23.333 -234.0t9
49.473 -23502 -236.538


