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ABSTRACT

ABSTRACT

Distribution and power transformers are essential components of any electricity
network, hence electrical and mechanical safety of the transformer unit is among the
highest concerns of electricity providers. Over the course of their operation, transformers
face with a wide range of internal and external disturbances which may lead to a partial or
full malfunction of the equipment. The service life and condition requirements for
distribution and power transformers are now changed and utilities altered their maintenance
policy from time-based to condition-based approach. In fact, the priority has been shifted
towards fast and informative assessments with minimum risk to equipment and personnel.
Transformers inevitably face with occasional fault and consequent deterioration of the
overall performance. Therefore, to maintain the optimal working mode and intermittency
of the power supply, transformers undergo a scheduled maintenance works, overhaul,
visual inspection, cooling and insulating system tests, and even internal components
inspection. Within the past several decades, a wide range of different transformer condition
monitoring techniques have been developed.

Among existing diagnostic techniques, the Frequency Response Analysis (FRA) is
a well-established testing method known as one of the most accurate and the least invasive
evaluation technique. Conventionally, the FRA test results are interpreted via visual
comparison of the reference and new measurement, which requires a certain level of
experience and credibility from the maintenance personnel. Therefore, for the progress of
the FRA interpretation process the application of different approaches have been widely
discussed including statistical analysis, machine learning, image processing, to name a few.
In this thesis, the proposed smart interpretation of the FRA data entails an automated
classification of the transformer working condition along with estimation of the confidence
level associated with reported classification results.

A new introduced interpretation technique is applied, formulated, examined, and
evaluated in several practical case studies where different scenarios of the winding short
circuit and mechanical deformation are emulated on a diverse set of test objects, from a

single-phase 1 kVA distribution transformer up to a three-phase 40 MVA power



ABSTRACT

transformer. A new strategy for classification of given test observations is devised and
implemented for green, yellow and red operating zones corresponding to healthy,
suspicious and critical working conditions, respectively. This strategy is conducted based
on the predefined green-to-yellow (healthy-to-suspicious) and yellow-to-red (suspicious-
to-critical) decision boundaries represented by critical values of the 12 utilized Statistical
Indicators (SIs). Moreover, the classification uncertainty in the form of the confidence level
is studied for the first time, and is estimated using bolstered error estimation and bootstrap
sampling technique borrowed from the pattern recognition and machine learning. The
reported data is of great practical importance since it facilitates a more qualified decision
regarding further diagnosis and maintenance of transformer under the test. In summary,
this thesis provides a new smart approach to analyze transformer frequency response
measurement data, to classify them into normal, suspicious, and critical working
conditions, and assign an uncertainty level for each corresponding classification. Having
the outcome of this thesis in place, the industrial operators and utility managers would be

able to make a more accurate decision on transformer condition.
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INTRODUCTION

CHAPTER 1. INTRODUCTION

1.1 Problem statement

An intermittent and safe electrical energy has become an essential part of the
modern life. For instance, medical facilities, telecommunication and transportation
networks, financial institutions, national security agencies, and water supply stations are
electricity dependent objects and long-term power outage will inevitably entail serious
issues in economic, social and even political situation. For instance, the power network of
certain utility might not be engineered properly enough to overcome blackout or surge.
Based on the survey conducted by Information Technology Intelligence Consulting (ITIC)
in 2020 [1] , about 91% of the respondents reported that one hour of the power outage will
cost them approximately $100,000 on average, while 40% of large industrial consumers
claimed an hourly cost of the power blackout to even exceed $1 million.

Transformers perform a vital role in the power grid by stepping voltages up for
transmission and down for distribution purposes. The reliability of the electricity network
is highly related to electrical and mechanical condition of the transformer unit [2], [3].
However, in-service transformers are subjected to different external and internal
disturbances during their operation, which eventually will jeopardize the integrity of the
transformer’s structure [4]. Therefore, despite the regular maintenance, after typically 20-
25 years of operation, transformer needs to be repaired or even refurbished [5]. In case if a
power outage is the result of transformer failure, the power supply can be restored by
replacement of the transformer unit by a new transformer which may take about an hour or
two in distribution level, and over several days or a month in transmission level. However,
if there is no backup transformer available, the diagnostic and repair will be significantly
longer depending on the severity of the damage. According to [6], the replacement of a
large power transformer (75-750 MV A) varies in range between $ 1 millionto $ 7.5 million
and the process of repair and replacement mechanism may take up to 16 months. In this
regard, it is quite important to conduct timely inspection and diagnostic tests of the
transformer, which will in turn directly influence the reduction of expenses for complex

repair procedures or elimination of the power blackout consequences [7].
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INTRODUCTION

Among the number of transformer condition assessment methods, the FRA is
widely used due to its least complexity and non-invasive nature of the measurement setup
[8], [9]. The FRA test basically implies measuring the response of the system to a
sinusoidal input swept in a certain frequency spectrum. It is expected that any deviations
in mechanical and electrical characteristics of the transformer will inevitably affect the
frequency response signature [10]. Having that said, this method can detect a wide range
of transformer faults including mechanical deformation and displacement of the winding
and core structure, weakening and oxidation of lead connections and tap changers, core
grounding fault, open windings, and turn short-circuit [11]-[13]. However, despite the fact
that FRA is well-established and standardized as a diagnostic technique, successive

interpretation of its results is still a quite challenging procedure [14], [15].

1.2 Motivation

Conventional methods mostly contain visual comparison, where condition of the
test object is evaluated based on magnitude of the new measurement’s deviation from the
fingerprint (reference) spectrum and the affected frequency range [14], [16]. This, in turn,
raises further issues such as biased diagnostics and human error due to lack of the
background knowledge and experience on the operator side [17]. The commercialized and
widely used FRA analyzers provide software built-in interpretation tools, which may
classify the obtained frequency response. The classification is conducted among different
levels of the winding mechanical deformation and is based on estimation of the numerical
index from the FRA data [18], [19]. The disadvantages of this approach lie in limitations
in terms of other fault types, utilization of a single Statistical Indicator (SI), lack of
applicability to different transformer types and sizes, and absence of suitable classification
criteria [20]. Therefore, it is highly desired to develop a comprehensive interpretation
technique which will facilitate an automated interpretation of the FRA test data and also
provide uncertainty level associated with given classification results [9], [21]. This
confidence level will facilitate a more precise communication of the obtained results and
observations. Moreover, it is important that the introduced interpretation codes and criteria
is not bounded by the size of the test object and type of the fault.
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1.3 Research objectives

Despite FRA is a well standardized transformer diagnosis technique, the automated
interpretation codes are not yet available. The effectiveness and accuracy of the FRA test
and adequacy of its interpretation are extremely dependent on the experience of the on-site
personnel. Besides visual comparison of the obtained FRA signatures, different methods
are being widely utilized to improve the FRA data interpretation process. Therefore, it is
suggested that the combined application of statistical analysis and machine learning tools
will facilitate automated interpretation of FRA results and classification of the transformer
working condition. The reported confidence levels of classification will enable utility
operators to effectively interpret FRA results and significantly improve the decision-
making process. Hence, the aim of this research thesis work is to apply statistical analysis
and machine learning tools to automatically interpret the FRA data and classify the
transformer working condition. For that, the following objectives should be fulfilled:

e Design an experimental setup to emulate the reversible transformer winding
short circuit faults;

e Develop a physical and software RLC models of the transformer winding;

e Validate the winding software model via comparison of theoretical and
practical FRA signatures;

e Apply different mechanical deformations (axial, radial, axial and radial
combined) over the developed winding physical and software models;

e Apply different severity levels of the winding short circuit fault over the
distribution and power transformers;

e Conduct the FRA measurements of faulty scenarios and collect data for
supervised machine learning and statistical analysis;

e Transformer working condition classification using predefined decision
boundaries;

e Estimate the confidence level for the classification results utilizing
bolstered error estimation and bootstrap sampling techniques;

e Modernize existing standards and setup configurations to enable smart and

automated FRA results interpretation;
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e Preparation of automated interpretation pipeline and software with effective

user interface for automated on-site FRA data interpretation.

1.4 Thesis outline

The background information on various transformer fault types followed by
extended discussion on their causing factors are covered in Chapter 2. The interconnection
between mechanical, electrical, and chemical/thermal faults is explained and nature of the
winding mechanical deformations is discussed in detail. Moreover, a review of existing
different diagnostic techniques to evaluate the working condition of the transformer is
conducted in Chapter 2.

In Chapter 3, the fundamental theory on Frequency Response Analysis (FRA) is
discussed along with presentation of available measurement setups. Furthermore, the state-
of-the-art of transformer FRA results interpretation is covered in Chapter 3, followed by
detailed explanation of the currently utilized FRA standards.

The detailed description of the developed transformer winding physical and
software models is covered in Chapter 4. Moreover, the methodology of the software based
RLC model is explained and validation of the models is provided via comparison of the
practical and theoretical FRA signatures. After validation of the developed winding
models, Chapter 6 presents the methodology applied for emulation of mostly occurring
transformer winding faults. It includes winding mechanical deformation (axial, radial, axial
and radial combined) applied to developed winding models and simulation of the winding
partial and full short circuit of the distribution and power transformers.

The proposed transformer working condition classes (zones) and classification
criteria are explained in Chapter 5. It also contains the detailed presentation of the
methodology and procedure to define the decision boundaries. The review of utilized
statistical indicators (SIs) and machine learning tools engaged into transformer condition
classification are also discussed in Chapter 5.

The classification results of different winding fault scenarios are covered in Chapter
6. It presents several practical case studies, where the proposed FRA interpretation
technique is utilized to classify the transformer working condition under the presence of

different levels of mechanical deformation and winding short circuit. The physical meaning
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and practical application of the reported classification confidence level is also explained in

Chapter 6.

Chapter 7 includes the conclusion of the thesis and discussion on further research

perspectives.
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CHAPTER 2. TRANSFORMER FAULTS AND DIAGNOSTIC

TECHNIQUES

2.1 Introduction

This Chapter is structured in the following manner: Section 2.2 discusses different
types of the transformer faults. Detailed investigation of the fault causing factors and their
frequency is conducted. In Section 2.3, the conventional transformer diagnostic techniques

and literature are reviewed.

2.2 Transformer fault types and factors

During the operation of power and distribution transformers, various damages will
inevitably occur, which can disrupt the optimal operation of the equipment. However, with
some defects, some of the units can still continue to function, while others may lead to
critical disorders or complete shutdown. In any case, it is extremely necessary to promptly
carry out maintenance, which will avoid a serious accident and catastrophic damage.
Therefore, it is essential not only to determine the nature of the defect, but also the reasons
for its appearance [22]-[24].

Based on the origin, transformer faults can be classified as internal and external
failure. Mechanical and electrical faults correspond to the internal category and occur in
the transformer tank. Specifically, mechanical faults are usually expressed by deformation
or displacement of the winding structure (turns and disks), conductors looping or break off,
cooling system fault (extreme temperatures in transformer tank, fire and explosion), tap
changer failure caused by high currents, and dielectric breakdown in the result of the high
voltage stress force [25]-[27]. Internal electrical faults are overload leading to insulation
deterioration, aging and rupture of the connections, inter-phase or phase faults due to short-
circuit current stress, and occurrence of arcs between winding terminals. Transformer’s
mechanical, electrical, and chemical faults are interrelated, Figure 2.1 illustrates mutual

causality between electrical, mechanical and thermal/chemical damages [28].
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Figure 2.1. Transformer faults interconnection

External (through) faults are basically eliminated by overload protection systems.

However, high severity faults might outstep the protection network and lead to equipment

overload, which in turn may induce severe internal faults such as extreme high currents

through primary and secondary winding terminals and insulation damage [12], [29]. As

reported by [30], almost 70-80% of transformer damages are initiated by winding inter-

turn short-circuit fault. A study by [31] claims that electrical disturbances and lightning are

the major factors of transformer failure. Particularly, the transformer protection system,

bushing, and tap changer faults have the highest frequency compared to windings, core,

tank, and cooling failure [32].

The integrity of the transformer unit can be damaged due to the following internal
and external factors [31], [33]:

factory and installation defects;

low quality repair works;

short-circuit forces resulting from secondary failures;

safety and rules negligence during transportation;

effect of dynamic forces, such as vibration during operation or earthquake;
internal damages that develop due to long-term operation under the influence
of internal and external disturbances;

insulation deterioration and moisture;
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— electrical disturbances, overload, and lightning;
— weakening of the clamping force as a result of ageing, which hence mitigates
the ability to oppose the abovementioned challenges.

Nevertheless, transformer failure should be considered from two perspectives — (i)
frequency of occurrence, and (ii) the severity of the damage [31]. For instance, electrical
disturbances appear to have both highest fault risk and severity (see Figure 2.2). Although,
lightning induced damages are about twice frequent than insulation deterioration failures,
they trigger less severe damage to the equipment. It is notable to highlight that the faults
due to overload and sabotage have similar frequency rate and severity, whereas transformer
faults triggered by poor maintenance and service procedures occur twice as often as

overload or sabotage [34].

Failure factor frequency (%)
30

Figure 2.2. Transformer failure factor frequency [34]

Over the course of the normal working process, transformer active part is subjected
to mechanical stresses in the result of the magnetic forces [5]; however, in the event of the
failure, where a fault current flows through transformer, the magnitude of these mechanical
forces may increase significantly, imposing a severe mechanical damage to the structure
of the core or the windings. Since the short-circuit current magnitude may sometimes reach
up to 8-10 times the nominal current and the force exerted on the active part is proportional
to the square if the current, the force induced by fault current may exceed the system’s
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tolerable force by the factor of one hundred. The electromagnetic forces are then the

product of the winding current and the leakage flux as illustrated in Figure 2.3.
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Figure 2.3. Axial and radial forces induced by interaction of the winding current

and leakage flux

These short-circuit currents have axial and radial component fluxes which interact

with the winding current and initiate, radial and axial mechanical forces, respectively. The

axial force has a compression effect, where the tension is directed from the ends of the

winding towards the center of the winding structure. The radial force has a complex effect

on concentric low voltage (LV) and high voltage (HV) windings; the outer HV winding

undergoes an outward force, whereas the inner LV winding is compressed towards the

limb.

Deformation of transformer winding (see Figure 2.4(a)-(e)) caused by radial, axial,

and twisting forces can be categorized as [35]-[40]:

radial buckling;

conductor tilting (cable-wise tilting, strand-wise tilting);
conductor bending between supporting spacers;
telescoping due to windings insufficient radial thickness;
spiraling and twisting;

fatigue and collapse of the winding end supports.
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(a) normal winding [44], [109]

(b) bending [41]
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(d) spiraling [42], [109]
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Figure 2.4. lllustration of different mechanical conditions of transformer winding
structure, taken from [8], [41]-[44], [109]

2.3 Transformer condition diagnostic techniques

In the past several decades, a numerous diagnostic techniques have been established
to assess the working condition of the power and distribution transformers. These
techniques can be classified as electrical, mechanical, chemical, thermal, and optical
methods [45]. Particularly, frequently applied electrical methods include signal analysis,
partial discharge evaluation and location, insulation resistance, etc. Mechanical analysis
usually includes pressure and flow rate in the insulating oil and mechanical stresses
produced in the result of the excessive noise in the transformer tank. Chemical testing
techniques are majorly focused on the contamination of the oil insulation by moisture,
gases, etc. Thermal methods are based on the thermal characteristics of the transformer
active part evaluated via thermography test. Optical analysis is conducted using endoscopy
and fiber optics, where acoustic signals due to internal disturbances in transformer (for
example, partial discharge) are detected [46]. Some of the aforementioned methods are
incorporated into international standards and currently are in commercial practice, while

others are still under development or at final validation phases.

2.3.1  Short circuit impedance (SCI) method

The given method is used to detect transformer’s internal electrical and mechanical
faults. SCI value has resistive and reactive components, the latter is represented by leakage

inductance, which is directly relevant to transformer winding configuration. The LV
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winding is usually shorted, letting a full-load current to flow in the HV side. Since the
magnitude of the full-load short circuit current is lower on HV side as opposed to LV side,
all measurements are reasonably conducted on the HV side [36], [47]. Measured SCI value
is then compared to one given in the nameplate or obtained during factory acceptance tests
[36]. According to [48], more than £1% change from expected value should be considered
as a serious deformation. However, [49] and [50] claim, that changes only exceeding +3%

are indicators of the winding deformation.

2.3.2  Vibration method

Forces occurring during transformer operation induce vibrations in transformer core
and windings [51]. Core vibrations can be explained by magnetostriction, when dimensions
of the material undergo alterations when exposed to magnetic field. Winding vibrations are
initiated by interaction of the current flowing through the winding with the leakage flux.
As a result, windings will be compressed or expanded in horizontal and/or vertical
directions. The intensity of magnetic and electrodynamic forces inducing vibrations is
directly proportional to the square of the voltage and current, respectively [52]-[56].

Sensors are installed on the transformer and collect vibrational signals, then spectrum
of this signal is processed by means of microprocessor. The displacement of the
transformer’s inner structure from the predefined fingerprint position is investigated [51],
[56]-[60]. Deviation magnitude, harmonic components, and direction of dislocation are
used to analyze the severity of the fault and determine the working condition of the
transformer winding [61]-[63].

2.3.3 Communication method

Similar to FRA, the fingerprint of the transformer is used in communication method.
In this case, the magnitude and phase values of scattering parameters obtained by several
antennas are taken as a basis for identification of any mechanical changes in windings [64].
Antennas are installed either in our outside the transformer tank. According to [65] and

[66], the key terms indicating the windings deformation are the mean absolute phase
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distance (MAPD) and mean absolute magnitude distance (MAMD) and are estimated as (1)
and (2):

n
MAPD :M D
n
n
MAMD:M (2
n

where Srer IS the reference (fingerprint) scattering parameters and Si represents the
measured scattering parameters [66].

2.3.4  Current deviation coefficient (CDC) method

In this method the deviation of terminal currents at selected high frequency is
estimated and compared to fingerprint values [67]. In particular, line-end and neutral end
high frequency currents are continuously measured and any changes in mechanical
condition of transformer windings will result in change of these currents, since capacitive
inductance value will alter as well. The current deviation coefficient claimed by [67] is
calculated as the ratio of terminal currents in (3) and is able to detect the location of winding

deformation, as well as the severity of the damage.

| s - |
CDCzloglo refl "ml (3)

Iref2'|m2

where Irer1 and lrer2 are initial current measurements at high frequency terminals and I and

Im2 are measured current measurements, respectively.

2.3.5 Ultrasonic method
This technique suggests detecting the transformer winding deformation using an

ultrasonic reflection phenomena [68]. Basically, the injected pulse ultrasonic wave is

reflected from the transformer winding surface. The resulting wave is then converted into
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the electrical signal and is amplified in order to conduct analysis of the windings condition.
Changes in the mechanical integrity of the windings will alter the reflected waveform.

On the other hand, in [69], the electric-ultrasonic sensor is installed on transformer
tank to detect a spherical wave penetrating the insulation oil. This ultrasonic signal occurs
as the result of the partial discharge. The proposed method can effectively detect the

number of the partial discharge, as well as the location of the insulation damage.

2.3.6  Short circuit impedance and winding stray reactance method

The on-line SCI method implies comparison of initially measured short circuit
impedance with the one taken after certain period of transformer operation. As it has been
mentioned in off-line transformer diagnosis methods, short circuit impedance value
depends on the winding configuration [70]-[76]. Nevertheless, since on-line test implies
that the transformer will be energized, it is no longer possible to apply the secondary
winding short circuit topology on operating transformer. Therefore, transformer is now

reviewed as a two-port network system as illustrated in Figure 2.5 [77].

11 I
—_—p <+
© Two-port ©
Vi network V2
o— 0

Figure 2.5. Model of the two-port network

Given the input and output currents, the following impedance model can be used to

estimate voltages:

Vl]_[le le] 11]

il Za Znllh (4)
=21, +Z 1, 5)
Vo=Zo1 11+ 2y 1,

where Z11 and Z», are open circuit input and output impedances, respectively, and Z1» and
Z»1 are open circuit transfer impedances. Shorting the secondary side (V.=0), the short

circuit impedance can be expressed as (6):
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ALY/
Zsc=Zi1t

(6)
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Recalling, that short circuit impedance has resistive and inductive components, and
inductive reactance is dependent on winding configuration, any changes in mechanical

integrity of the transformer winding will be resulting in deviation of Zsc.

2.3.7  Voltage-current (V-1) locus diagram method

This method was primarily introduced by [79], implies plotting the current-voltage
characteristic curve of a certain phase of the transformer. Specifically, continuous
measurements of injected current and primary and secondary voltages are conducted.
Hence the locus diagram is basically input current against difference of voltages, which is
illustrated as an ellipse in Cartesian coordinate system. It is suggested to inject a low
voltage signal at 50 Hz to the terminal of transformer winding and conduct measurements
with the period of 10 us [80]. Similar to other comparison based techniques, the initial
locus diagram is considered as the reference. Changes in transformer winding
configuration leads to alteration of impedance values, thus will be reflected on V-1 locus
diagram (see Figure 2.6). Practical implementation of the mentioned technique validated
that ellipse feature indicators as major and minor axes lengths and angle between major

axis and x-axis are influenced by transformer winding condition [81], [82].
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Figure 2.6. Impact of different levels of the buckling on V-1 locus diagram [80]

2.3.8  Dissolved Gas Analysis (DGA) method

The Dissolved Gas Analysis (DGA) is among widely used techniques to diagnose
the condition of the oil-immersed transformers without the requirement of de-energizing
the test object [83]. Internal disturbances and deviations in transformer active part may lead
to contamination of the oil insulation by gases such as acetylene, ethane, hydrogen, carbon
monoxide, carbon dioxide, methane, and ethylene [84], [85]. The type of dissolved gas and
its content facilitates to define the partial discharge (PD), paper insulation ageing,
overheating, overloading, surge, and other electrical, chemical and thermal faults [86]. The
conventional DGA measurement and interpretation methods are covered in IEEE Standard
C57.104-2008 [87] and [88]. The test results interpretation is based on the concentration
of the specific gases in ppm (parts per million) in the oil content or the ratio of the different

gases (for example, ethane/methane) [89].

2.3.9  Transfer function method

The transfer function method, also referred as Frequency Response Analysis (FRA)
has been extensively discussed in the literature [90]-[94]. FRA is sensitive to a wide range
transformer faults including mechanical deformation and displacement of the core and
winding, turn-to-turn and disk-to-disk short circuit, aging, oxidation, and rupture of the tap
and lead connections, and grounding faults. FRA implies injecting a sweep signal into one
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end of the winding, and measuring the response from the other end of the winding for
single-phase transformer and from neutral or either phase for three-phase transformer [95]-
[97]. Essentially, the transfer function represents the magnitude ratio and phase angle
between the output signal and the input signal in a wide bandwidth.

Va(jo)

MO, Goy ™

where H(jw) is the transfer function, V2(jw) is output (response) and Vi(jw) is input
(excitation) signal.

Based on the type of the injected signal, FRA can be categorized into: (i) Impulse
Frequency Response Analysis (IFRA) and (ii) Sweep Frequency Response Analysis
(SFRA). As mentioned above, in IFRA, a high voltage (hundreds of volts) impulse signal
is injected into one end of the winding and response is measured from the other end in time
domain. The measured signal is converted into frequency domain via Fast Fourier
Transform (FFT) for evaluation of the transfer function and further analysis [98]-[100]. In
SFRA, the input signal is a low amplitude sinusoidal signal swept across 20 Hz — 2 MHz
and the response is also obtained in frequency domain [101]-[103]. The conceptual
difference between IFRA and SFRA can be observed in Figure 2.7(a) and (b).

input terminal output terminal
O O

| Impulse generator

Vin(0) Vou(8)

Attenuator |—>| Oscilloscope | -------- >{ Computer
(a)

input terminal output terminal
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FRAnalyzer

4
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Figure 2.7. FRA measurement conceptual circuit: (a) IFRA method and (b) SFRA
method
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Each of abovementioned diagnosis methods have been successively implemented in
practice; yet, it is vital to distinguish their drawbacks and define the most effective and
viable method. As an example, the vibration method test results can be deteriorated by ever
occurring external forces. The telecommunication method can be no longer effective to be
applied on operating transformer, since access to active part is restrained by grounded
transformer tank. Similarly, in on-line application short circuit impedance method suffers
significant degradation of test results, as the voltage on the secondary part is no longer
zero. On the other hand, this method is unable to define the axial displacement such as
tilting and bending. Similar to SCI, transfer function is a comparison based technique,
where the reference (fingerprint) response and new measurement are compared. This, in
turn, will give information about transformer mechanical state since winding structure
deformation will inevitably result in deviation of the transfer function, yet SCI is unable to
distinguish axial deformations such as tilting and bending [104]. Exciting current method
is not sensitive to winding mechanical deformations and is highly influenced by core’s
residual magnetic field. Frequency response of stray losses is capable to detect short circuit
fault, yet does not have a standardized measurement and interpretation instructions.
Although the leakage reactance and winding capacitance methods have the standardized
interpretation criteria and measurement setup, they are limited to radial deformation
detection. In this regard, the transfer function method is considered as the most effective
and least invasive diagnostic technique capable to detect a wide range transformer faults.
This method has no practical limitations in terms of the transformer size and type and has

well-established standards widely used in the industry.
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CHAPTER 3. FREQUENCY RESPONSE ANALYSIS (FRA)

3.1 Introduction

This Chapter is structured in the following manner: in Section 3.2 the conceptual
information on Frequency Response Analysis (FRA) theory and measurement
configurations is presented. Section 3.3 discusses conventional techniques for the FRA
data interpretation and Section 3.3 covers the existing standards for the FRA measurement

and results analysis.

3.2 FRA concept

FRA is a well-established, industrialized method [12] which is performed by
injecting a reference swept signal to the transformer input terminal and measures the
winding response from other side of the winding if the test object is single-phase and from
the neutral bushing tap is transformer has three-phases [105], [106]. The input signal is

usually low-amplitude (20 V peak-to-peak) sinusoidal waveform.

In the know, the FRA measurements are conducted on a de-energized transformer
unit which has been taken out of service, referred as the off-line FRA which is illustrated
in Figure 3.1(a). The on-line FRA test configuration on the energized transformer depicted
in Figure 3.1(b) implies injection of the sine wave to bushing tap terminal and measuring
the response signal from the lateral bushing terminal [106]-[108]. Depending on the
transformer vector group, the response is measured from the neutral bushing (wye
configuration) or between two phases (delta configuration) [8], [109]. However, in
accordance with [14], the outcome of the on-line and off-line FRA tests usually differ in

low-frequency band (up to 1 kHz) [109].

34



FREQUENCY RESPONSE ANALYSIS (FRA)

. SOURCE —( Zcasle = 50 Q
N .
= =
= REF—
< -
= =
B« TEST —(

-

(@)

& SOURCE —(
N 1
= =
I
o i
2 e
B« TEST —(

L

(b)

Figure 3.1. FRA test setup: (a) off-line mode and (b) online mode, taken from [110]
and [146]

Transformer frequency response signatures are usually reported between 20 Hz and
2 MHz. This frequency band is able to provide significant information regarding the
transformer mechanical integrity and is agreed upon in literature and standards [101]-[103],
[111], [122]. 1t is well-known that the low-frequency band is primarily influenced by the
core, clamping structure, and yoke. Mid-frequencies mainly depend on the transformer
winding structure and interaction between windings, and high-frequency band represents
leads and connections in FRA spectrum [113]-[115]. Nevertheless, according to [8], it is
unlikely to obtain similar frequency response over a whole band during off-line and on-
line tests. Particularly, discrepancies occur at frequencies below 1 kHz. The reason for this
discrepancy is already discussed in [109]. The FRA signature is illustrated as Bode plot
and results are plotted in logarithmic scale (see Figure 3.2), giving an opportunity to

investigate a whole frequency spectrum [115], [116].
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Figure 3.2. Example of FRA signature of the three-phase transformer with

frequency sub-bands indicated, taken from [117]

_ Vo ()]
H(f) = 20log —|V1(f) | (8)
p=tan™(2V,-2 V) (9)

where H(f) is the magnitude of the transfer function, [V2(f)| is the magnitude of the output
(response) and |V1(f)| is the magnitude of the input (excitation) signal, and ¢ is the phase
angle of the signal.

According to the international standards IEC 60076-18, section 2 and page 8 [48],
IEEE Guide C57.149-2012 [50], and National standard of China DL/T 911-2004 [19], the
FRA test setups are introduced and recommended as:

e End-to-end open-circuit test,
e End-to-end short-circuit test,
e Capacitive inter-winding test,
e Inductive inter-winding test.

Each and every test setup has its own advantages. All the standard FRA test setups
are provided in Figure 3.3 [110] ©2019 IEEE. The end-to-end open-circuit FRA
measurement setup provides broad information on conditions of transformer core and
windings — it is mostly conducted in the transformer manufacturer factory. In this test, the

test signal is injected into one terminal of the winding, and response signal is collected
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from the other end of the winding, while rest of the terminals are left open. The end-to-end
short-circuit FRA test is mainly conducted on customer site and assists in evaluating the
integrity of transformer windings, and ignores transformer core effect. Its measurement
setup is similar to previous setup, except for the second winding of the measured limb,
which is shorted. Capacitive inter-winding test configuration implies injection of the test
signal into one terminal of the winding and collecting the response from one of the
terminals of the same phase secondary winding while other terminals are left open, whereas
in inductive inter-winding test second terminals are grounded [118]. Other than that, inter-
winding measurements provide comprehensive information regarding radial deformations
(capacitive test) and transfer admittance (inductive test) of the transformer unit. Among
all, the end-to-end open-circuit measurement has been widely used by industry and
discussed by researchers. This measurement setup provides information on conditions of
transformer core and windings [119]. It is also mostly conducted as the baseline
measurement in the factory during the transformer acceptance and insulation tests along
with type or special transformer tests. The baseline test is usually conducted to obtain a
reference trace (signature) for upcoming diagnosis of the same unit or sister-transformer
[49], [120].
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Figure 3.3. FRA test setups: (a) end-to-end open-circuit test, (b) end-to-end short-

circuit test, (c) capacitive inter-winding test, (d) inductive inter-winding test [110]

3.3 FRA interpretation techniques

The FRA is a well-established and widely used monitoring technique with

standardized measurement setup. However, till now the interpretation guidelines of the test
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results are quite general and non-informative, since the fault type and its severity level has
become essential information for qualified maintenance procedure [121], [122]. Over the
past decades, different techniques have been applied for the progress of the FRA
interpretation [3], [123]. These techniques mainly include simulation models, statistical
analysis, artificial intelligence (Al), and digital image processing [18], [112], [122]-[129].
The simulation model is usually used to emulate different winding mechanical faults and
investigate their influence on the distributed parameters of the winding, such as resistance,
inductance, and capacitance [130]. Afterwards, the database of the faulty scenario FRA

signatures is applied to classify the given frequency response.

3.3.1 Visual inspection

Conventionally, the measured FRA signatures are interpreted through a visual
comparison of the reference spectrum with the current measurement. Commonly, this type
of the inspection is carried out in the field by maintenance personnel and requires a solid
background and expertise in FRA testing [131], [132]. Depending on the magnitude of the
deviation and affected frequency range, an on-site operator can report which part of the
transformer is undergoing a certain fault and to what extent. The lower frequencies are
usually influenced by the core structure, the mid-frequencies are affected by winding
internal faults, and the higher frequencies are the function of lead connections and
clamping [133]. Having this at hand, it is observed that the accuracy and quality of the
FRA diagnostic test highly rely on the experience of operator and, thus, it is prone to a
human error and biased decision [134], [135].
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Figure 3.4. FRA signatures of phases A, B, and C with frequency sub-bands
illustrated, taken from [133]

3.3.2 Machine learning tools

One of the challenges of accurate prognosis algorithm and fault localization
technique is interpretation of FRA output data. In this regard, a number of researchers have
been working on application of computing techniques that train and improve a neural
network (back propagation, radial basis function, and self-organizing feature map) in
analysis of FRA data. Other than that, various Al techniques, such as machine learning
(neural networks (NN), support vector machines (SVM), regression, etc.) and fuzzy logic
have been extensively used on FRA data to detect, classify, and localize the fault in a test
object. In particular, SVM, deep neural networks (DNN), convolutional neural networks
(CNN), multilayer perceptron (MLP), etc. are among mostly applied techniques borrowed
from Al [136]-[139]. The transfer function magnitude and phase response are used as an
input for the image recognition algorithm where digital image processing (DIP) techniques
are used to process the raw frequency response spectra and compare reference and recent
FRA signatures based on their geometric properties and features, and define the fault level
[122]-[129].

Ma and Ren [140] applied SVM classification algorithm for transformer winding

deformation detection and prognosis. A training data set for supervised machine learning
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(SML) was collected from the off-line Impulse Frequency Response Analysis (IFRA)
results [140]. The detection system demonstrated a sufficient level of accuracy during
industrial tests. However, it is designed for analysis on an isolated and grounded
transformer, hence further studies should be conducted to adjust the approach for on-line
diagnosis. Zhao et al. [141] claimed feasibility of IFRA data based SVM classification
algorithm on energized transformer. Two statistical indicators as resonant frequency
variation (RFV) and mean square error (MSE) are extracted from IFRA data and used for
further training and testing set to diagnose radial deformation, short circuit and disk space
variation. The diagnostic results of ten groups show the average accuracy of 78.1% and
83.3% for RFV and MSE, respectively [141].

Moreover, Bigdeli et al. [142] utilized measurements taken in time domain and
employed FFT for SVM classification algorithm. Additionally, along with SVM indices of
frequency and amplitude ratio and vector fitting have been applied for detection of
transformer winding fault, such as radial and axial deformation, disc displacement. It has
been stated that SVM method is more accurate compared to artificial neural network for
identification of winding fault type.

In [143], the learning vector quantization (LVQ) borrowed from artificial neural
networks (ANN) is used for classification of the transformer insulation damage. The minor
and major axis parameters from voltage-current (\V-I) characteristic diagram are utilized
for the feature extraction of the classification model. The proposed classification algorithm

resulted in 98.2% accuracy of identifying different levels of the insulation fault.

3.3.3 Statistical analysis

In contrast to conventional visual interpretation, the method of statistical analysis
reports the numerical difference between fingerprint and new FRA spectra, and the
magnitude of the calculated Statistical Indicator (SI) basically defines the severity of the
transformer fault. For instance, various statistical methods were applied to localize the
partial discharge inside the transformer winding. The studies by [144]-[147] provided a
thorough review on different numerical indices used for interpretation of FRA results. For
instance, in [144], a detailed review on statistical indices discussed in literature is provided.

Moreover, according to Samimi and Tenbohlen [144], Sls can be categorized into three
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groups based on whether retrieved from FRA signatures, from resonance and anti-
resonance peaks, or from rational functions. The first group proposes Sls to be expressed
in linear or logarithmic scale, yet there is no standard or methodology agreed upon between
researchers and industry. The second group of indices are usually expressed in logarithmic
scale and demonstrate the behavior of the resonating peaks in case of any internal fault.
However, it is claimed that this method requires additional noise mitigation and
standardization. The third group, also referred to as the vector or rational function fitting,
is the most challenging among all three methods. This approach implies estimation of the
Sls from the pre-defined rational functions fitted into the original FRA signature. The order
of the rational function determines the amount functions fitted into the spectrum, which, in
turn, might lead to different results. The study conducted by Banaszak and Szoka [145]
proposed Sl grouping and used 14 indices widely used in literature. The grouping approach
implies diving the Sls into four main groups depending on the behavior of each index
towards mechanical deformation fault. Hence, via considering at least one index from each
group, this method facilitates to distinguish frequency sub-bands more sensitive to
mechanical deformation and mitigate the possibility of the information loss. The study by
Nurmanova et al. [146] analyzed the behavior of several Sls, namely, Correlation
Coefficient (CC), Root Mean Square Error (RMSE), Absolute Sum of Logarithmic Error
(ASLE), and Euclidean distance (ED) when distribution transformers are exposed to
different external resistive and capacitive impedances. According to [147], where statistical
analysis was applied to evaluate the numerical difference of frequency response for intact
and faulty conditions (short-circuit and mechanical displacement), all five used indices
were able to detect FRA signature deviations, however Comparative Standard Deviation
(CSD) reported highest sensitivity to fault and linear relationship towards the severity of
the fault. Jeyabalan and Usa [148] implemented the correlation of winding response for
reference partial discharge impulse across transformer sections with response for impulse
of different width. Since time domain method was unsuccessful to distinguish the location
of partial discharge when the width of excitation pulse is different form reference pulse, it
was suggested to conduct correlation of winding response in frequency domain.

Although IEEE Standard [49], [50] suggests to use CC for FRA results interpretation,

in [149] alternative indices such as ASLE, SSE, and SD are utilized to distinguish among
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different fault types, namely, clamping and bushing tap fault, disk-to-disk fault, mechanical
deformation of the winding structure, and short circuit fault. Moreover, in [149] the
statistical indices are calculated for three sub-bands individually, since frequency response
may be deviated differently according to the type of the fault. According to numerical
comparison of the response spectra, SD reported higher sensitivity towards bushing and
short circuit fault, SSE is mostly affected by disk-to-disk and short circuit fault, whereas
ASLE reported sensitivity towards all three of the mentioned fault types.

In addition, in [106] and [150] the decision boundaries for cross-correlation factor
(CCF) and relative factor (RF) for classification of the transformer condition has been
determined. Specifically, as per Kennedy et al. [150] the critical CCF values were used to
classify between good, marginal, and need-to-investigate working conditions. Other than
that, in DL/T911-2004 Standard [19] critical values for RF have been established to
distinguish amongst normal condition, slight, obvious, and severe winding deformations.
According to practical results in [151] and [152], CCF and RF demonstrated significantly
low sensitivity to define the transformer’s faulty condition.

On the contrary, Kim et al. [153] stated that ASLE and SSE proved quite effective in
defining the mechanical deformation of the transformer winding. It should be noted, that
in some studies a collaborative decision of several indices were also taken into account.
For example, in study by Samimi et al. [154] the collective result of both CC and ED were
reported, since CC was insensitive to mechanical deformation of the winding structure.
Moreover, in [155] a standardized difference area (SDA), correlation factor (p), index of
frequency deviation (IFD), index of amplitude deviation (IAD), frequency weight function
(Wf), and the amplitude weight function (Wa) were applied to classify the type of the
winding deformation and also to define its severity.

3.3.4 Digital image processing

The transfer function magnitude and phase response are used as an input for the
image recognition algorithm where DIP techniques are used to process the frequency
response spectra and compare the reference and the recent measured FRA signatures based
on their geometric properties and features, and define the fault level [7].

42



FREQUENCY RESPONSE ANALYSIS (FRA)

The study conducted by Aljohani and Abu-Siada [112] proposed a consideration of
both transfer function magnitude and phase plot in one combined 2-D image for successive
detection and classification of transformer fault. After elimination of the noise and
background from the pictorial data, it was further used for extraction of the features for oil
and bushing fault classification.

Zhou et al. [156] proposed an innovative approach to determine transformer winding
faults from FRA signature. Frequency response magnitude plot is transformed into a binary
image and went through the data erosion in order to reduce some minor disturbances.
Afterwards, features extracted from the processed images were used to determine the
deviation between reference (fingerprint) and new FRA measurement, which helped to
diagnose any occurring faults in the winding structure. Furthermore, the SVM based
classification model was utilized to classify the results of practical case studies among axial
deformation, series capacitance deviation, and short circuit fault.

Zhau et al. [157] applied DIP technique to magnitude and phase plot of the transfer
function and estimated similarity indicator for two dimensional images representing intact
condition and mechanical deformation; and observations reported higher sensitivity of the
proposed method compared to conventional statistical analysis engaged into standards.

The study by [158] introduced a new FRA results interpretation technique, where the
phase response of the transformer winding is converted into 2D image with real and
imaginary parts. Comparison of the FRA spectra is conducted via calculation of the Sum
square max-min ratio error (ISSMMRE) and further used to define condition of the winding
under the test. However, the practical results revealed that the proposed method is

insufficient to define both type and severity of the applied mechanical fault.

3.4 FRA Standards

3.4.1 DL/T911-2004

The Standard of the People’s Republic of China DL/T911-2004 [19] proposed the
interpretation method based on the estimation of the relative factor for separate frequency

sub-bands. The standard is used to define the mechanical condition of the transformer
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winding among severe, obvious, slight deformation and normal winding condition.

Classification criteria for relative factor is presented in Table 1 [19].

Table 1 — Relative factor and the deformation degree

Degree of winding deformation Relative factor, R

Severe deformation Rir<0.6

Obvious deformation 1.0>Rr>0.6 OR Rvr < 0.6
Slight deformation 20>Rir>1.00R0.6<Rwr<1.0
Normal winding RLF >2.0, Rur> 1.0 AND Rvr > 0.6

The relative factor is calculated using:

10 -1
Ryy = { -6 <10

-log,,(1-0) otherwise (10)

where Rxy represents the relative factor R.r, Rur and Rur for low (1 kHz — 100 kHz),
medium (100 kHz — 600 kHz) and high (600 kHz — 1000 kHz) frequency sub-bands,

respectively, and o is the normalization covariance factor estimated as:

Cxy

o (X’Y):—'—DX- D (11)

where the variables Cxy, Dx and Dy are evaluated using:

N-1 N-1 2 N-1 ?
Ciy= %f ; X(i)—%; XG0 | x YG}%; Y(i) (12)
| N-1 | N-1 2
DX:N; X(i)-N; X () (13)
1 N-1 1 N-1 2
D};]_VIZO: Y(i)-N; Y(i) (14)

It should be noted, that this approach considers only the effect of the winding fault
on FRA spectrum, as it estimates relative factor for the range from 1 kHz to 1 MHz; hence,

the low- and high-frequency deviations are left uninvestigated [19].
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3.4.2 CIGRE Working Group A2.26

The International Council on Large Electric Systems (CIGRE) standard undertaken
by Working Group A2.26 [159] provided the recommendations on effective FRA
measurement configurations, results interpretation and frequency response behavior
affected by transformer winding movements. Along with those, the standard suggested
three concepts to conduct comparative FRA data analysis depending on the availability of
the fingerprint signature:

— time-based comparison: comparison of FRA spectra for exact similar
measurement setup, when fingerprint is available;

— type-based comparison: comparison of FRA spectra of two identical (sister)
transformer units, in case the fingerprint is not available;

— design-based comparison: comparison of FRA spectra of adjacent phases of
the same transformer unit, if fingerprint is not available (only applicable to
three-phase units) [159].

The technical brochure proposed a methodology to interpret FRA results via
statistical analysis, namely, the estimation of CC. However, a successful classification of
transformer working condition becomes challenging, since the guide do not provide
enough information regarding definition of the critical CC values separating ‘“normal” and

“abnormal” conditions.

3.4.3 IEC 60076-18:2012

The standard released by the International Electrotechnical Commission (IEC) [48]
has provided a comprehensive information on FRA measuring equipment and setup
configurations. It is capable to be applied to power and distribution transformers, reactors
and shifting transformer units. More than that, in the standard the frequency spectrum was
divided into four sub-bands and different affecting factors affecting each sub-band were
differentiated. In particular, low-frequency range (up to 2 kHz) is mostly influenced by
core structure, mid-frequency range (from 2 kHz to 20 kHz) represents the interaction
between windings, high-frequency range (from 20 kHz to 1 MHz) is affected by winding
structure, and very high-frequency range is influenced by deviations in setup configuration,
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lead and earthing connections. The very high-frequency sub-band varies depending on the
size of the transformer under the test. The upper limit is 1 MHz for units less than 72.5 kV
and 2 MHz for units rated greater than 72.5 kV, respectively. However, these frequency
sub-bands may vary depending on transformer type and construction. Beside major factors
influencing FRA signature, the standard discusses other issues such as effect of the tertiary

winding, insulation type, and temperature.

3.44 |EEE C57.149

The standard developed by the Institute of Electrical and Electronics Engineers
(IEEE) of Power and Energy Society [50] is applicable to the oil-immersed power
transformers. The guide provides information about FRA instrumentation, measurement
setups, results interpretation guidelines, and data storage. More than that, the IEEE
C57.149 guide has recommendations regarding the minimum and maximum number of
FRA test configurations for six different transformer types as listed in Table 2 [46]. For
instance, consider the three-phase two-winding transformer under the test. It is
recommended to conduct six open-circuit end-to-end FRA tests on both LV and HV sides
of each phase and three short-circuit end-to-end FRA tests on HV sides with shorted LV
sides, adding up to nine minimum required FRA test configurations.

The practical part of the standard provided actual FRA signatures of the transformers
undergoing frequently occurred faults. This gives on-site personnel a good perspective in

terms of the FRA behavior towards different fault types.

Table 2 — The number of the recommended tests based on transformer types

Transformer type Minimum Maximum
Two-winding transformer 9 15
Autotransformer without tertiary winding 9 12
Autotransformer with tertiary winding 18 33
Autotransformer with buried tertiary winding 9 18
Three-winding transformer Part 1 18 36
Three-winding transformer Part 2 18 36
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3.45 NCEPRI

The North China Electric Power Research Institute (NCEPRI) [160] proposed the
algorithm to define the short circuit fault of the transformer winding based on the numerical
comparison of the reference and the new measurement of the frequency response transfer
function based on estimated value of the effective deviation ED or assessment factor E1»

using the following expression [160]:

N
1
Ep=— ) (TFy-TFy)’ (15)
i=1

where TF1; and TF2i represent transfer function of the fingerprint and the new measurement,
respectively, and i is the corresponding measurement point from 1 to N, where N is the

maximum number of the data points.

Table 3 — Assessment factor criteria for different distortion levels

Winding distortion level Ei2 (dB)
Normal condition E12<35
Slight distortion 35>En>70
Serious distortion E12>70

NCEPRI suggested specific frequency ranges for high-voltage (HV), low-voltage
(LV), and tertiary voltage (TV) sides starting from 10 kHz up to 515 kHz, 600 kHz, and
700 kHz, respectively [160].
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CHAPTER 4. WINDING MODELING

4.1 Introduction

This Chapter is structured in the following manner: in Section 4.2 the comprehensive
RLC model of the air-core winding is presented. Section 4.3 discusses the winding
software model simulated in SPICE environment and validation of the proposed model and
Section 4.4 covers the emulation of the axial and radial deformation over the validated

winding model.

4.2 Winding RLC model

A comprehensive SPICE-based RLC model of the winding is discussed. The
proposed modeling technique estimates distributed parameters (resistance R, inductance L,
and capacitance C) for every turn of the transformer winding based on the geometrical
characteristics and generates a SPICE netlist that describes the entire winding and setup.
The model enables to emulate axial and radial displacements, DSV, and inter-turn and
inter-disk short-circuit faults with excessive details. The proposed model is validated via
practical fabricated model.

A properly designed, examined, and validated winding model will facilitate the
detailed simulation and realization of the different winding deformations. Since the iron
core has a significant influence on the mutual and self-inductance parameters, in this work,
an air-core winding is utilized, where the lumped parameters exclusively depend on the
geometric characteristics of the conductors. Hence, alteration in geometry of the winding
structure, i.e., axial and radial deformation, will have a traceable effect on the distributed
parameters.

The winding proposed in this study consists of ten disks with six turns per each disk
continuously wounded around the cylindrical air core, as illustrated in Figure 4.1 [182]
©2021 IEEE. Wire and conductor have a circular cross-section and the distance between
adjacent disks is taken as zero. It is a simple model that could be fabricated in the laboratory
for the practical study and model validation. In this work, the distance between adjacent
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disks are assumed to be zero and Table 4 presents the information about the wire and
conducting material, including insulating material, conductor type, geometric

characteristics, etc.

Air
core

Figure 4.1. Air-core winding with continuously wounded disks

Table 4 — Physical parameters of the proposed winding

Parameter Value
Conducting material Copper
Conductor diameter, D¢ 2.36 mm
Insulation material Silicon rubber
Insulation thickness 1.14 mm
Relative permittivity 4
Wire diameter, Dy 4.64 mm
Core diameter, Dcore 89 mm

As discussed earlier, the winding detailed model in this work is based on the
estimation of the lumped parameters, namely, turn’s self-inductance, mutual inductance
between two wires, capacitances between two turns and two disks, and turn resistance.

The self-inductances L and mutual inductances between individual turns Ma. are

estimated using equations provided for circular wires [161]:

L=4-1037R (1n (S—R) -175) uH (16)
Ma-b :f\/m },LH (17)
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where variables Ra and Ry are the turns’ radii given in cm and f is the specific parameter
retrieved from the lookup tables [161]. The winding total inductance matrix Leq iS

expressed as following:

L, = ::: : (18)
LGO 60x60

The turn-to-turn capacitances Cy for the circular wires are estimated using:

AN 0" Vs
C, = —In(rtvt/rc) + &, {cot(?j—cot(ﬁﬂ (19)
where ¢ is the relative permittivity of the insulating material, I; depicts the turn length, ry

is the wire radius, rc is the conductor radius, and 6" is the angle at the crossing point
estimated as:

0" = arccos(1-In( % Ye,) (20)

The disk-to-disk capacitances Cqd between the turns of neighboring disks are
estimated similar to Cy. The details of the winding and fault modeling are elaborated
further.

The calculation of winding lumped parameters, such as self-inductances L, mutual
inductances Ma.b, turn-to-turn capacitances Cy and disk-to-disk capacitances Cqq, and turn
resistances R, is necessary for building of a full RLC model of the winding. Since the
winding is continuously laid around air-core as illustrated in Figure 4.1, these distributed
parameters are dependent on the geometrical parameters and location of the filaments.

1) Self-inductance

In general, a magnitude of the self-inductance is influenced by the geometric features
of the conductor [161]-[163]. In particular, the self-inductance L of the turn with a circular

Ccross section is estimated via [161]:
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L =4x10%zR (1n (%) -1.75) (21)

Ie

where R is the radius of the circular ring in cm and r¢ is the radius of the circular cross-

section in cm.

2) Mutual inductance

The mutual inductance between two wires is based on the expression of the Ma., for

two circular filaments:

Mao=//R.E;  uH (22)

where Ra and Ry are the turns’ radii in cm and parameter f is retrieved from the lookup
tables using the value of k:
R,—R,) +d?
k12=( a b)2+ (23)
(R,+R,) +d?
In the above equation, d is the distance between two turns (see Figure 4.2 [182]
©2021 IEEE). When two filaments are considerably close to each other and k? < 0.1, the f
factor is calculated as follows:

£=0.014468(log (1/k *)- 0.53307) (24)

In this work, the f factor is accurately determined from the lookup tables in [161] for
k2> 0.1and Eq. (24) fork2<0.1.

0
050

Figure 4.2. Two circular filaments separated by distance d

The inductance matrix Leq Of the proposed winding is as follows:
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L1 lez IVllfeo
Lz I\/szeo

Lo, = (25)

L60 60x60

Based on Figure 4.1, L1 denotes the self-inductance of the first turn, whereas M1,

denotes the mutual inductance of first and second turns.

3) Turn-to-turn capacitance

A winding series capacitance has two components: 1) turn-to-turn capacitance Cy
between consecutive turns of the single disk and 2) disk-to-disk capacitance Cqq between
turns of the neighboring disks as depicted Figure 4.3 [182] ©2021 IEEE.

SOLIOSORONOHO
ACRCRCIGRGE
— @D HDHEHE-

Figure 4.3. Inter-turn and inter-disk capacitances

The turn-to-turn capacitance Cy is influenced by conductor geometry, in particular,
the distance between conductors, and type and thickness of the insulation layer [164]. As
displayed in Figure 4.4 [182] ©2021 IEEE, the turn-to-turn capacitance Cy of two
neighboring circular can be determined as a series combination of the air gap capacitance

Cyand the insulation coating capacitance Cc [163]. In particularly, Cy is calculated as [163]:
Ce=Ce + Cttg (26)

The equivalent turn-to-turn capacitance of the insulation layer Ciwc and equivalent

turn-to-turn capacitance of the air gap Cyg are computed as following [163]:

*
_ &80

Coe =) @7
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Cig = &k {cot ( 92 j —cot (%ﬂ (28)

In the above, I represents a length of the turn, rw is a total radius of the wire including

insulation layer, r¢ is the conductor radius, &r is the relative permittivity of the coating

material, and 6" the angle at the crossing point estimated as:

g = arccos(l-ln(%)/ar) (29)

Figure 4.4. Inter-turn capacitance between two adjacent circular filaments

Disk-to-disk capacitances Cqqa among turns of the neighboring disks are obtained

similar to turn-to-turn capacitances Cy for the proposed winding using (26)-(29).

4) Resistance

Since at higher frequencies the possibility of proximity and skin effects at the surface
of the conductor increases, the conductor resistance in ac mode is often substantially
greater than in dc operation mode [164]. The ac resistance Rac of the conductors operating

at frequencies higher than 50 Hz are estimated as [164]:

Rue=p 1 X (30)

X=0.027678 [fTp,, (31)

where pqc is the conductor dc resistance expressed in mQ/ft, I; represents the length of the

turn in ft, X is the correction factor, and f is the current frequency in Hz.
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4.3 SPICE modeling and validation

An analytical model of the proposed winding is constructed in open-source SPICE
simulation environment, since it facilitates an accurate simulation of large analog circuits.
Since, the focus of this is the system frequency response, the SPICE simulation is
configured to the ac mode.

A robust SPICE-level emulation of mutual inductance between two inductors is
presented by [165]. As demonstrated in Figure 4.5 [182] ©2021 IEEE, the coupling
between inductors in this model is accomplished by two inductors and voltage controlled
voltage sources (VCVSs). The inductors have self-inductances of 1/Ki.iand 1/Kj;, while
the VCVSs have gains of a and £. In this method, self-reluctances (Ki.iand Kj;) and mutual

reluctances (Kij and Kj.i) are obtained from the reluctance matrix K, where K = Leg ™.

1K, 1K,

oV,

j BVI

0=- Kifj/ K p=- Kifj/ K
Figure 4.5. SPICE simulation of the mutual coupling between two inductors

The entire winding model is depicted in Figure 4.6. In this Figure, the injected sweep
sinusoidal signal, input and output impedances of the FRA equipment are presented as Vin,
Rin, and Rout, respectively. Each winding turn has a series resistance of Ri, an equivalent
inductance of 1/Ki.;, and 59 VCVSs, which simulate the effect of the magnetic coupling
with other turns. As an example, the second VCVS of the turn-2 with a2.3V34 output voltage
emulates the voltage induced in turn-2 in the result of the voltage Va4 at turn-3. The turn-
to-turn capacitances, such as Cz3 and Ciz23, are computed using (26)-(29). The
capacitances that are connected across the turns of different disks, such as Ci-12 and Co.11,
are the disk-to-disk capacitances Cqq. For example, the disk-to-disk capacitance between
the outermost turns of the first and second disks is presented as Ci.1o. In SPICE
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environment, the turn resistance R; is simulated via frequency dependent resistor model

based on the Laplace command to simulate skin and proximity effects [166]:
R =1 Laplace = 1/{K}/(-5*S/4/P1?)%2> (32)

where S represents the Laplace transform’s operator variable and K is the coefficient
calculated using (30) and (31):

K= R, f (33)

The total model shown in Figure 4.6 [182] ©2021 IEEE contains approximately 3500
circuit elements, which makes a manual setup of all circuit elements extremely challenging.
Thus, winding model is configured in SPICE netlist utilizing the Python coding (see
Appendices A-F).
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Figure 4.6. Overall RLC model of the fabricated air-core winding and FRA setup

[N

For further application of the winding mechanical deformation, it is vital to validate
the developed software model based on the physical winding prototype. To do that, the
frequency response of both models are obtained and compared with each other. The circuit
in Figure 4.6 [182] ©2021 IEEE demonstrates the theoretical FRA measurement of the
proposed winding, where the excitation signal is the sinusoidal waveform swept from 20
Hz up to 10 MHz. Figure 4.7(a) illustrates the fabricated winding composed of ten disks
with six turns per each wrapped around the air core. Figure 4.7(b) demonstrates the

practical frequency response measurement setup using a well-commercialized FRA
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analyzing equipment. Similarly, in physical FRA measurement the sinusoidal signal swept

from 20 Hz up to 10 MHz is injected to winding terminal.

(a) (b)

Figure 4.7. Test equipment: (a) fabricated winding; (b) winding FRA measurement

The FRA spectra of fabricated and simulated winding are demonstrated in Figure 4.8
[182] ©2021 IEEE. It is observed that the overall signature shape and magnitude of the
transfer function are identical. Moreover, the matching of the primary anti-resonant points
at nearly 3 MHz is noted. Nevertheless, despite the location overlap of the resonant and
anti-resonant peaks at higher frequency band is reported, the minor disturbances are
detected at 5 MHz and onwards, which might be the result of the external noise. Having
this considered, the developed software model of the air-core winding can be further
considered for emulation of the axial and radial deformation and its effect on the distributed
parameters and overall frequency response of the system. The discussion of the winding

fault modelling is conducted in the next Section of this thesis.
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] — Normal (theory)
204 Normal (experimental)
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Figure 4.8. Theoretical and experimental FRA spectra of the proposed winding

4.4 Winding mechanical deformation modelling
4.4.1 Disk space variation (DSV)

The disk space variation (DSV) is among the most frequent winding axial
deformations usually triggered by short circuit forces in the result of insulation
deterioration, external disturbances such as earthquakes and improper transportation [162].
The DSV represents the axial displacement of the whole disk or disks from the winding
structure as demonstrated in Figure 4.9 [182] ©2021 IEEE. As discussed previously, the
air-core winding’s lumped parameters solely depend on the geometry of the winding, the

DSV fault will inevitably deviate the mutual inductance and the disk-to-disk capacitance.

N

& 88

Figure 4.9. Transformer winding disk space variation (DSV)
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The mutual inductance between previously adjacent, but now separated turns is now
estimated using the separation distance in (22)-(24). The disk-to-disk capacitance Cgq is

majorly expressed via the air gap Cq between separated disks [163]:

ng (9) _ I D _ ItDW

— t—w
do °2x(0) °2(d-D,cos)

(34)

where I is the turn length, x(0) is the air gap in terms of 6, d is the turn separation distance
(measured between centers), Dw w is the diameter of the wire. Hence, integrating (34) over

interval [-n/2; n/2] we get the disk-to-disk capacitance:

2¢,| L la+l T
Cdd :Cg :ﬁ{tan ( Etan(zj]} (35)

where variable a is found via d/Dy.

4.4.2 Radial displacement

Another type of the mechanical deformation frequently occurring in transformer
winding is the radial deformation, namely, displacement of the winding disk in the
direction of the winding radius, as depicted in Figure 4.10. Similar to axial displacement,

the mutual inductance and disk-to-disk capacitance are also affected [162].

d

>

e

Figure 4.10. Transformer winding radial deformation
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Although, these parameters are re-evaluated using a different approach. The
parameter M;; for intact filaments is estimated using the expression for undeformed
condition; whereas, according to [161], the mutual inductance between two circular wires
located on neighboring parallel disk planes and separated by distance d (see Figure 4.11)

can be estimated using:

M=M,F (36)

- f.JRR (37)

0 a’ b

M

Figure 4.11. Two circular turns with parallel axes separated by distance d

In (36) and (37), Mo is the mutual inductance of two circular filaments at # =0, F is
the correction factor retrieved from the table in [161] based on the value of x = cos@ and,

and factor f is obtained from the previously mentioned table based on the value of k*:

VU Y (38)

According to Figure 4.12, the disk-to-disk capacitance between 1% turn of the

dislocated disk and the intact disk can be expressed in terms of parameters Ci1-12 and Cy-11.
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Figure 4.12. Disk-to-disk capacitances between turns of the normal and displaced
disks during radial deformation fault

Since turns 1 and 12 have similar lengths, the distance between them during any
homogeneous radial displacement will be constant (depicted as blue two headed arrows in
Figure 4.13 below), therefore the capacitance between them can be calculated using (35)
where the value of d will be replaced with a separation distance of turns. However, it is
observed from Figure 4.13 that the distance between turns 1 and 11 is not constant (red two
headed arrows), hence each turn is divided into four equal segments, and the total disk-to-
disk capacitance between turns 1 and 11 will be the sum of four capacitances evaluated for
each segment using (35).

Figure 4.13. Distance between turns of the normal and displaced disks during radial
deformation fault

Unaffected parameters such as the capacitance and inductance between turns of the
displaced disk, turns’ self-inductance and ac resistances are estimated based on intact

scenario approach.

4.4.3 Disk tilting

The disk tilting is illustrated in Figure 4.14, where the disk or several disks are

inclined away from the winding plane by a certain angle 6. It can be noted, that disk-to-
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disk capacitance and mutual inductance between dislocated turns and intact turns are

affected.
te/

C YY)

W Q,'

Figure 4.14. Transformer winding disk tilting

To be specific, the inter-turn mutual inductance between intact and inclined disks

with circulars conductors is calculated using the following [161]:

M =RM, cos@ (39)

where the equivalent mutual inductance Mo is estimated using (22)-(24), angle & is the tilt
or inclination angle, and factor R is derived from [161] corresponding to u = co0sé,

separation distance d, and turns radii Ra and Rp.

Figure 4.15. Distance between turns of the normal and inclined disks during disk

tilting fault

On the other hand, the disk-to-disk capacitance between tilted and normal disks can
be estimated using the approach applied for the radial deformation discussed earlier.

Similarly, the distance between corresponding turns is not homogeneous throughout the
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length of the turns, therefore, the total disk-to-disk capacitance between turns of two

previously adjacent disks is the sum of four segments as illustrated in Figure 4.16 below.

Figure 4.16. The proposed segmentation of the turns for an estimation of the

distributed disk-to-disk capacitances during disk tilting fault
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CHAPTER 5. TRANSFORMER CONDITION CLASSIFICATION

METHODOLOGY

5.1 Introduction

This Chapter is structured in the following manner: in Section 5.2 the detailed
discussion on the utilized Statistical Indicators is conducted. Section 5.3 introduces the
proposed transformer working zones and explains the procedure for identification of their
decision boundaries. In Section 5.4 the methodology of transformer operating condition

classification via bolstered and bootstrapping methods is presented.

5.2 Statistical analysis

5.2.1 Statistical Indicators (Sls)

In this study, the numerical analysis is based on estimation of the statistical indicators
(Sls) that have been widely used in the literature. The list of Sls applied for interpretation
of the transformer FRA results is quite extensive and studies show that the sensitivity of
the Sls towards the type, extent and location of the fault is diverse. Therefore, in this work,
12 Sls, in particular, correlation coefficient (CC), standard deviation (SD), sum squared
error (SSE), absolute sum of logarithmic error (ASLE), absolute difference (DABS), root
mean square error (RMSE), Euclidian distance (ED), comparative standard deviation
(CSD), minimum-maximum ratio (MM), sum squared ratio error (SSRE), sum squared
max-min ratio error (SSMMRE), and normalized correlation coefficient (p) will be utilized
[167]-[174] as presented in Table 5 [180] ©2021 IEEE.

Table 5 — Statistical Indicators (SlIs) used for FRA interpretation

Sl Equation Limits
CC XX/ \TXOIT O 1]
SD o[ [Y ()-X ()] /(N -) [0; +<c)
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SSE sse= Y (Y /N [0; +o0)
ASLE ASLE = ZM‘ZOIOQ10 (i)—20log,, X (i) / N [0; +00)
DABS pags = IV (i) - ‘/N [0; +00)

RMSE RMSE —\/;ﬁ;{(y (i) x (,)D/(%IZ::‘X (')‘Hz [0; +o0)
ED ED:HX—YH:M [0; +o0)

CSD CSD:\/ZlNl i )—(X(')—,ux)]z/(N ) [0; +o0)
MM MM = Z min(Y /Z. 1max X(i))  (-00;+o0)
SSRE SSRE=ZHY(I)/X(|)—1] /N [0; +o0)
1 & max(Y (i), X () T [0; +o0)

SSMMRE SSMMRET;[W_l}

=X OV O/ I OT TV OT
p X)) =|X @)~ X, X (i)/N [-1; 1]
Y@= O-> Y 0)/N

In equations below, X(i) and Y(i) denote the magnitude of the transfer function X
(fingerprint) and Y (recent measurement) at the i-th frequency point, respectively [167]-
[174].

1) Correlation Coefficient (CC)

The extent of the similarity between fingerprint and new FRA measurements can be
defined via Correlation Coefficient (CC). It is extremely responsive to the shift of the
resonant peaks, although constant alterations of the transfer function magnitude do not have
observable effect on this indicator [167]. The CC value changes between -1 and 1,
corresponding to perfect negative and perfect positive correlation. In case if two signatures
overlap, the CC value reaches 1. The magnitude of the CC represents the extent of the
correlation, whereas the sign (positive/negative) represents the direction of the correlation
between two data sets:

2X0r0
JZ (X@) 3" ()

(40)
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2) Euclidean Distance (ED)

Euclidean Distance (ED) is a statistical index that illustrates the numerical distance
between two sets of data, represented via reference and new frequency response spectra.
The transformer intact case corresponds to the ED equal to O, while upper limit has no
boundary, as its value demonstrates the deviation between two traces. The index ED and
axial deformation have a linear relationship [167], [173]. ED is estimated using the

following expression:

ED= Y (Y () - X (D) 41)

3) Root Mean Square Error (RMSE)

Root Mean Square Error (RMSE) is the estimate of the numerical difference between
respective data points of two data sets. RMSE follows the same behavioral trend as CSD
[168]. Similar to ED, RMSE can report values in the range from 0 to +oo, where O represents
the total overlap of two data sets. The larger is the distance between corresponding points
of two FRA spectra, the higher is the RMSE value.

RMSE = %ZN ¥ OF-XO) (42)

VX

4) Absolute Sum of Logarithmic Error (ASLE)

Absolute Sum of Logarithmic Error (ASLE) represents the comparison of the two
given sets of variables in logarithmic scale [169]. ASLE is sensitive to short-circuit fault
and clamping structure deviation over the whole spectrum, and to mechanical deformation
and displacement after 20 kHz [169]. The best-case scenario, where two data sets overlap
is represented by ASLE value equal to O, whereas the upper limit for ASLE tends to +oo,

indicating the level of the difference between two sets:

1 . .
ASLE = ﬁZN_JZO'ngY(') —20log,, X (i) 43)
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5) Absolute Difference (DABS)

Absolute Difference (DABS) demonstrates low sensitivity towards deviation of the
magnitude of the transfer function [170], however the behavior of the resonance and anti-
resonance peaks have a considerable effect on the value of DABS. The DABS will result in

0 if fingerprint and new trace overlap, while the upper limit tends toward +oo:
1 <Ny, .
DABS = WZHW OES0] (44)

6) Sum Squared Error (SSE)

Sum Squared Error (SSE) is highly representative of the fault’s severity level, as it
compresses minor errors and magnifies the errors larger than 1. However, [171] claims that
SSE becomes less sensitive after a certain level of the fault severity is reached. The SSE
value represents the deviation between fingerprint and new FRA spectra, where zero
corresponds to the total overlap of the two datasets. SSE is calculated using the following

expression:

SSE = %\/ziN_l(Y(i) —X (i) (45)

7) Standard Deviation (SD)

SD is the statistical index that indicates the level of dispersion of the given data with
respect to its mean. In [172] it is claimed that SD is capable to detect the axial dislocation
of the winding structure even less than 1% severity. Although, SD is not sufficient indicator
to be used to determine the temperature and moisture content increase. The SD equal to
zero corresponds to the minimum deviation from the mean value, while maximum possible

variability can take values up to +oo.

. J S (Y () - X () )

N-1
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8) Comparative standard deviation (CSD)

The CSD is an extension of the abovementioned SD, where the deviation of each
sample regarding its mean value is estimated and used to define the difference between two
data sets. The CSD equal to O represents the intact case, where there are no deviations
among two spectra, whereas the upper limit has no definite boundary, as it depends on the

deviation level [173].

s \/ZiN_l[(Y(i)—uI:l)_—l(X(i)—ux ¥ n

9) Minimum-maximum ratio (MM)

MM is the ratio between the sums of the minimum and maximum values. In other
words, for each frequency point, the lowest and highest values of the transfer function
magnitude within the reference and new FRA spectrum are taken into consideration. The
intact case corresponds to MM equal to 1. MM is sensitive to spectral shape changes caused

by amplitude variations and shifts of resonant frequencies [173].

M — > min(Y (i), X (i)) )

> max(Y (i), X (i)

10) Sum squared ratio error (SSRE)

Basically, SSRE is the normalization of the SSE mentioned above. The value of 0

represents the absolute similarity of the two FRA data sets [174].

SSRE=Y " @)/ xN(i) = (49)

11) Sum squared max-min ratio error (SSMMRE)

Sum squared max-min ratio error (SSMMRE) is the combination of the MM and SSRE
and expresses a high sensitivity to the deviation of the FRA signature in higher frequencies
[173], [174]. SSMMRE has mathematical limits from 0 to +co for minimum and maximum

deviation between two data sets, respectively:
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Lo (max(Y (@), X @) LY
SSMMRE = NZH( min(r (). X () 1j (50)

12) Normalized correlation coefficient (p)

As the name stands, Normalized correlation coefficient (p) is the normalization of
the CC mentioned above and is bound by limit of [-1; 1]. Nevertheless, it is stated by [173]
that p is less sensitive with respect to mechanical fault, unlike CC. The relationship between

p and radial and mechanical displacement is monotonic. The value of p is estimated via:

y X" (i)Y (i)
'0 = Zizl 2 N 2
RO DI RO 61

where X" () =[x () - 3%, 2 and v (@) = v o)X, Y

5.2.2 Coherence of Sls

It is realized, that when applied to the FRA data of the given fault condition,
individually SIs may have conflicting decisions. Therefore, in this work, the level of

coherence Hyy between the pair of Sls is estimated using:

sz[l—iz yi”—yi"jxloo% (52)
n

i=1

where yi* and y;' are classification labels of the given observation i defined using indices u
and v, respectively, and n is the total number of observations. The yi values are evaluated
via:

0 forx' eR,

green

y; =105 forx' eR (53)

yellow

1 forx' eR,

red

where xi" represents index u for the given observation i, R"green, R%eliow, and R"req are the
green, yellow, and red zones of index u. The coherence value varies from 0 to 1, where 0
corresponds to the minimum coherence (the Sl pairs classify each observation as the green

and red zone, respectively), and maximum coherence corresponds to identical
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classification of the given scenario by all S| pairs. For example, if indices CC and SD assign
all samples to the green and yellow (neighboring zones), respectively, hence Huw = 50%,
while if the same scenario is classified by SD as red zone, then coherence Hyy (here u =CC
and v = SD) is zero. Different fault configurations representing various short-circuit
severity levels are utilized to estimate the degree of coherence between all proposed Sls.
Figure 5.1 [180] ©2022 IEEE illustrates the visualized coherence between indices, where
x depicts the corresponding coherence between given indicator and the remaining Sls, and
blue dots represent the mean of the coherences. It is observed, that the coherence between
all Sls pairs vary in the range from 0.9 to 1.0, which demonstrates the overall high

coherence between proposed 12 indicators. The detailed coherence report is provided in

Appendix G.
1.00 X X ¥ X X
& Maan

0.98 - N x ¥ * v

@ x X X x X X

§ 0.96 - X X 9 5

= o »

Q ® ] L x

50914 % x X E Xox ; £

3 ¥ x5 X X § x LA

i x
0924 ¥ § g ¥ X X ¥ ¥ x
» X

(.90 4

CC S0 o5t B opBomEE D 50w 55"“25@?&9

Indicator

Figure 5.1. Coherence of statistical indicators

5.3 Identification of decision boundaries

In order to classify the working condition of the transformer under the test, the
decision boundaries should be established first. In this work, three operating zones, in
particular, green, yellow, and red zones, which correspond to healthy, suspicious, and
critical transformer condition, respectively, are proposed. Therefore, two boundaries,

namely, green-to-yellow and yellow-to-red decision boundaries will be practically defined.
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5.3.1 Winding short-circuit emulation

The transformer winding short-circuit scenario is emulated via installation of the
variable resistance rheostat in parallel to winding terminals. The maximum value of the
rheostat represents the open circuit scenario, since it significantly exceeds the winding
impedance and all the current coming from the source will flow the structure of the winding
(see Figure 5.2(a) [110] ©2019 IEEE). The open circuit scenario corresponds to the healthy
working mode of the transformer. In this work, the maximum value of the rheostat is 5 kQ
and 5 MQ for distribution and power transformers, respectively, and both values are high
enough to be compatible with windings’ total impedance. The worst-case scenario
corresponds to the full short-circuit of the transformer winding, where all the current
coming from the source flows through the rheostat as illustrated in Figure 5.2(b) [110]
©2019 IEEE.

HV LV HV LV

0 1 T

O —

(@) (b)

Figure 5.2. Equivalent circuit of the (a) best- and (b) worst-case scenarios

Therefore, by changing the paralleled resistance value (see Figure 5.3 [110] ©2019
IEEE) it is possible to alter the amount of the current flowing through rheostat and winding.
Hence, while decreasing step-by-step the rheostat value at a certain point, the rheostat value
becomes low enough so that a small amount of short-circuit current will start flowing

through it.
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Figure 5.3. Circuit representation of the winding short-circuit emulation

The paralleled resistance is decreased with 500 Q from highest (either 5 kQ or 5 MQ)
to lowest (~Zero Q) resistance. Generally, the relationship between input and output signal

can be expressed in terms of the impedances as following:

Vout/Vin = Zout/(Zw + Zout) (54)
Vout/Vin = Zout/(zw || Zr + Zout) (55)

where Vin and Vout represent the input and output voltages, correspondingly, Zout is the cable
impedance, Zris the rheostat’s value, and Zy represents the winding impedance. Therefore,
it is observed that the transfer function becomes the function of the new equivalent
impedance.

Figure 5.4 illustrates the behavior of the frequency response signature towards the
different short-circuit scenarios, where 5 kQ parallel resistance corresponds to the 0%
short-circuit (healthy state) and 1 Q corresponds to 100% short-circuit (critical). One of
the major observations is that the magnitude of the transfer function increases along with
severity of the winding short-circuit, which results in flattening of the signature around the
first anti-resonance point (depicted by blue vertical line in Figure 5.4 [110] ©2019 IEEE).
The first anti-resonant peak corresponds to the frequency at which the winding self-
inductance L resonates with the equivalent capacitance C, represented via following

expression [175]:

=12nVLC (56)

fanti-resonance
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Figure 5.4. FRA signatures for different short-circuit severities

5.3.2 Green-to-yellow decision boundary

The green-to-yellow decision boundary Bg|y corresponds to the transition point from
healthy (green) to suspicious (yellow) working mode. In this work, the boundary Bg|y
represents the case where the short circuit current starts to flow in the system and is
expressed in terms of the Sls values estimated from the corresponding FRA measurement.
For each iteration step, short-circuit monitoring and FRA signature measurement is
conducted via experimental setup depicted in Figure 5.5(a)-(b), respectively [20] ©2022
IEEE.

HV

Zr

Tappings

Tappings

(@) (b)
Figure 5.5. Practical setup for: (a) short-circuit current monitoring and (b) FRA test

The short circuit current monitoring results given in Table 6 [181] ©2022 IEEE
demonstrate the transition point (green colored) from green to yellow working mode. In
the next short-circuit scenario the current flowing through the rheostat becomes measurable

by the ammeter. Hence the following observations, in particular, T1-12V at 500 Q, T1-
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24V at 1.5 kQ, T2-22V at 500 Q, T2-42V at 1.5 kQ, T3-24V at 500 Q, and T3-36V at 1
kQ, are considered as the green-to-yellow boundary Bg)v. It was mentioned above, that for
each fault scenario the FRA measurements are conducted to calculate 12 statistical
indicators.

Table 7 [181] ©2022 IEEE illustrates the corresponding CC values for the scenarios
presented in Table 6. Similarly, the green colored observations represent the critical CC
value, i.e. the green-to-yellow Bgjy decision boundary. All collected Bgjy sample points
expressed by other statistical indicators are also estimated from the obtained FRA

signatures and presented in the Appendix H.

Table 6 — Short-circuit current monitoring results for different fault scenarios

Rating Taps Winding% 5kQ 45kQ 4kQ 35kQ 3kQ 25kQ 2kQ 15kQ 1kQ 5000 200Q 0Q

s0va 112V 3333% 0 0 0 0 0 0 0 0 o0 | 0 |oo034 -
T124V  66.67% 0 0 0 0 0 0 0 [0 ]o0024 0031 0054 -
630vA 1222V 1000% 0 0 0 0 0 0 0 0 o0 [0 Joo02 -
T242V_ 19.10% 0 0 0 0 0 0 0 [0 ]o027 0041 0218 -
T324V  10.90% 0 0 0 0 0 0 0 0 0 0 Jo002 -
LKVA" 1336y 1636% 0 0 0 0 0 0 0 0 [WO00027 0215 -

Table 7 — Estimated CC values for the emulated fault scenarios

Rating Taps Winding% 5kQ 45kQ 4kQ 35kQ 3kQ 25kQ 2kQ 15kQ 1kQ 5000 2000 00
400 VA T112v 33.33% 0.9997 0.9997 0.9997 0.9998 0.9999 0.9997 0.9998 0.9997 0.9998| 0.9997| 0.9992 0.8983
T124V 66.67% 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9998| 0.9998| 0.9995 0.9985 0.9939 0.8985
T222v 10.00% 1.0000 1.0000 0.9999 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000| 0.9998| 0.9992 0.8296
T242V  19.10% 1.0000 1.0000 0.9997 0.9999 0.9999 0.9999 0.9999| 0.9998| 0.9996 0.9987 0.9953 0.7701
T324v 10.90% 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000| 0.9999| 0.9996 0.8472
T336V 16.36% 1.0000 1.0000 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999| 0.9997| 0.9992 0.9966 0.7446

630 VA

1kVA

In this work, the list of statistical indicators used to estimate the numerical difference
between reference and new frequency response includes 12 indices mostly used in the
literature. The comprehensive details regarding utilized indices is presented in the next
section of this thesis.

5.3.3 Yellow-to-red decision boundary

The yellow-to-red decision boundary Byjr corresponds to the transition point from
suspicious (yellow) to critical (red) working mode. In this work, the boundary By
represents the maximum tolerable short-circuit current in the system and is also expressed

in terms of the statistical indicators values estimated from the respective FRA
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measurements. Basically, the differential relay system of the transformer under the test is
set to 0.5% of the nominal current [176]. The rheostat value corresponding to this short-
circuit current is found via decreasing the resistance from the highest to the lowest and
measuring the current through the rheostat. Once the measured current value matches the
desired value (0.5% of the nominal), the paralleled resistance is recorded and FRA
signature of the given configuration is obtained. Similarly, decision boundary By is
expressed in terms of the critical values of 12 statistical indicators calculated from the FRA
data.

Table 8 [180] ©2021 IEEE provides the rheostat values corresponding to yellow-to-
red decision boundary and the CC value of that given short-circuit condition. Byr sample
points expressed by other statistical indicators are also estimated from the obtained FRA
signatures. Table 9 [181] ©2022 IEEE illustrates the summary of the decision boundary
identification, where 6 observations of Bg|yand 3 observations of By are collected for the
index CC and Table 10 summarizes the calculated critical values for all Sls indicating two
decision boundaries [20] ©2022 IEEE.

Table 8 — Current and paralleled rheostat values of Byjr boundary

Transformer under test T1-0.4 KVA T2-0.63 KVA T3-1 kKVA
Nominal current (A) 11.00 2.86 4.54
Critical current (A) 0.055 0.0143 0.0227
Rheostat (kQQ) 4.6 15.4 10.5
CC 0.9990 0.9991 0.9989

Table 9 — Collected critical CC values for Bgy and Byjr boundaries

Green-to-yellow boundary, Bgjy Yellow-to-red boundary, Byr
0.9997 0.9998 0.9990
0.9998 0.9999 0.9991
0.9998 0.9997 0.9989

Table 10 — Critical values of statistical indicators

Sl Green Yellow Red
o DY G S W S
cC 0.99978 0.9990
SD 0.7276 2.1
SSE 0.5727 44
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ASLE 0.09895 0.245
DABS 0.394 1.12
RMSE 0.02867 0.07
ED 22.71 67
CSD 0.6403 1.3
MM 1.0153 1.0354
SSRE 0.00035 0.0009
SSMMRE 0.00035 0.0009
p 0.99993 0.9995

5.4 Classification and Confidence level estimation

Reporting the confidence level along with classification labels is the essential part of
the proposed interpretation technique. In other words, the confidence of the test object
being in healthy, suspicious, and critical working condition will facilitate a more efficient
decision-making process. Since transformer shut-down implies either temporary power
outage or requirement of re-routing the power flow through other units, the industry is
commonly reluctant to retrieve the transformer from the service unless it is inevitable and

justified with sufficient test data.

5.4.1 Bolstered error estimation

As it was mentioned above, the introduced method provided the confidence level
(CL) corresponding to each operating mode. The evaluation of the CL is based on the
bolstered error estimation technique borrowed from pattern recognition [177]. This
approach was initially proposed by Braga-Neto and Dougherty [177] as a tradeoff among
variance, bias, and computational cost in small size datasets; and performed effective
compared with conventional error estimation methods. The conceptual illustration of the
bolstered resubstitution for linear discriminant analysis (LDA) is presented in Figure 5.6.
The bolstering kernels are expressed with uniform circles and the ratio of the shaded region
to the respective circle represents the error by the test observation. The total bolstered error

estimated using ratio of the sum of all errors to the total number of test observation points.
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Figure 5.6. Example of the bolstered resubstitution for linear discriminant analysis,

where kernels are expressed with uniform circles, taken from [177]

The bolstered error estimation method is usually used to calculate the error rate of
the utilized classifier, where the feature-label practical distribution is replaced by the
bolstered practical distribution. This distribution is defined through weighting each point
over the true distribution using the pdf called bolstering kernel [177]. This pdf is usually
the multivariate Gaussian density function which has a zero mean and the diagonal
covariance matrix [177]. Following the principle of the bolstered error estimator, the
bolstering kernel function is centered at each observation and for each working zone the
area under the kernel pdf is estimated. Thus, the calculated area under the bolstering kernel
for the given zone represents the confidence level of the test observation belonging to this
zone. Naturally, test observations located closer to decision boundaries (either green-to-
yellow or yellow-to-red) have the lower confidence of being assigned to a specific region
(the algorithm for application of the bolstered error estimation method is presented in
Appendix I).

Consider an example of utilizing the bolstering kernels for the classification of the
obtained FRA signature. The visual illustration of the introduced method is depicted in
Figure 5.7 [180] ©2021 IEEE. The given observation is represented by yellow circle, the
estimated Sl value is 0.5, and the Gaussian kernel is centered at this observation point. Two
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solid vertical lines represent the pre-defined decision boundaries, specifically, green-to-
yellow Bey boundary is 0.3 and yellow-to-red boundary By is 0.55. It is observed, that
the bolstering kernel is divided into three parts by boundaries, hence, the area under the
kernel corresponding each of these three zones vyields the respective classification

confidence percentages (calculation of the area under the kernel is given in Appendix J).

green-yellow yellow-red
houndary boundary

7. 66.87°

Density function

i
|
|
!

!

o= S

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Indicator value

Figure 5.7. Visual representation of the confidence levels

For instance, the area under the kernel is equal to 0.0228 in the range from 0 to 0.3
(green zone), which implies the 2.28% confidence that this scenario belongs to healthy
state; similarly, 0.6687 is the area under the Gaussian distribution between 0.3 and 0.55
(yellow zone), leading to 66.87% confidence of suspicious working condition. Generally,

the confidence level retrieved from the area under the kernel is estimated using:
Ci(x)=C j(x)/ZSj(x) (57)
J

where Cj(x) is the confidence level and Sj(x) is the area under the bolstering kernel in the

given range R;, defined via:

S;(x)= J Jlxl/gexp(—(t—x)z/kf)dt (58)

where gj denotes the standard deviation of the Gaussian distribution used for the zone j
(implied to be the same for observations under a similar class). The total area under the
kernel is 1, which is ensured through normalization (see (57)). It should be noted, that each
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Sl has its unique mathematical range, whereas the utilized Gaussian kernel is non-zero at
(—o0, +0). The index MM varies between (—oo, +), too, whereas p and CC have the range
of [-1; 1], and remaining indices take values between [0; +o0) (refer to Table 5).

The standard deviation gjin (58) is based on the empirical distribution of observation
points belonging to a specific category (zone) [177]. It is shown in Figure 5.8 [180] ©2021
IEEE that more scattered observation points result in a wider bolstering kernel (meaning
larger ¢j). For example, samples corresponding to green zone are distributed denser

compared to red zone samples, which is reflected in a narrower kernel for green zone.

61 green-yellow yellow-red ’ Green zone (tranining set)
5 boundary boundary O Yellow zone (tranining set)
A If‘. '\ P
c / 4( ,\ V¥ Red zone (tranining set)
g ] A A T
° 4 F A L\
S PN T
=3 / ! \ \-\ '
= L "
2,1 7 LA
e 21, / vk
o ! / "\ \ 5
i L\
. ., '\
0 T ‘ ...... -O-EHO“ Y T v T

0.0 0.1 2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Indicator value

Figure 5.8. Various sample distributions and the corresponding kernels

Therefore, the standard deviation ¢j (the width of the distribution for each class),
should be estimated. To do that, 15 test objects (14 distribution transformers and one power
transformer) were examined. The detailed information regarding the number of phases,

power rate, and accessible voltage tap positions are given in Table 11 [180] ©2021 IEEE.

Table 11 — Test objects utilized for the confidence level estimation

Transformer Phases Power rate Voltage taps
T1 1 0.4 kVA 220/5/12/24/36 V
T2 1 0.4 kVA 230/24 V
T3 1 0.4 kVA 230/24 V
T4 1  0.63kVA 220/5/12/22/42/110/220 V
T5 1  0.63kVA 230/230 V
T6 1  0.63kVA 230/220 V
T7 1 0.75kVA 230/53/200/400 V, tertiary 230/115/230 V
T8 1 1 kVA 230/5/12/24/36/110/220 V
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T9 3 0.35kVA 230/400-230 V
T10 3 1.2 kVA 220-24/42 V
T11 3 5 kVA 230/380-42 V
T12 3 20 kVA 10 kV/400 V
T13 3 40 kVA 10 kV/400 V
T14 3 40 MVA 132 kV/33 kV

The FRA measurements are conducted on the abovementioned transformers using
the standardized offline setup configuration. The collected data is used to estimate the
bolstering kernel width ¢j and true mean distance dj. The frequency response is measured
for different levels of the winding short-circuit emulated through changing the value of the
paralleled rheostat. Specifically, for distribution transformers, the rheostat value is changed
from 5 kQ down to 0 Q with 500 € steps; whereas for power transformer the rheostat value
was varied from 5 MQ to 5 kQ so that the highest parallel resistance is compatible with
winding impedance. Along with faulty conditions, the reference FRA signature was also
collected according to the standard end-to-end open circuit measurement setup. Essentially,
each fault configuration has its corresponding Sl value estimated with respect to the intact
condition. Hence, every scenario is classified according to the pre-defined decision
boundaries and ¢j and dj are estimated (see Table 12 [180] ©2021 IEEE). The respective

classification confidence levels are calculated by applying oj and dj into (57) and (58).

Table 12 — True mean distance and kernel standard deviation

True mean distance, d; (10-3) Standard deviation, j (10-3)
Green Yellow Red Green Yellow Red

Statistical indicator

CcC 0.10 0.11 0.95 0.15 0.16 1.41
SD 2.39 12.55 55.98 3.55  18.62 83.05
SSE 2.38 3597 168420 354  53.37 2498.80
ASLE 0.49 1.26 28.53 0.73 1.86 42.34
DABS 1.34 6.79 64.31 1.99  10.08 95.42
RMSE 0.17 0.26 1.97 0.24 0.39 2.93
ED 75.05 42229 174090 111.34 626.54 2582.90
CSD 2.24 5.04 39.07 3.32 7.49 57.97
MM 0.12 0.23 6.00 0.17 0.34 8.91
SSRE 0.10 0.10 1.09 0.15 0.15 1.62
SSMMRE 0.10 0.10 0.99 0.15 0.15 1.47
p 0.10 0.10 0.39 0.15 0.15 0.59
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5.4.2 Bootstrap sampling

The bootstrap sampling is another technique borrowed from the pattern recognition
and statistical analysis. Application of the bootstrapping method for standard deviation
estimation was introduced by Efron and Tibshirani [178] and its schematic
conceptualization is depicted in Figure 5.9. According to [178], given a sample,
bootstrapping method implies generating B bootstrap sample of the same size where each
bootstrap sample is created by resampling (with replacement) the original set. The standard
error of statistic s(X) is replicated for every bootstrap sample as presented in Figure 5.9.
The main aim in utilizing bootstrapping in this thesis is to simulate sufficient amount of
experimental scenarios represented by bootstrap samples in situations where experiments

are limited by various experimental restrictions.

bootstrap
 replications

s(x* L
bootstrap

(b @

7

Figure 5.9. Bootstrap sampling scheme taken from [178]

Consider a dataset consisting two red balls, two yellow balls, and three green balls.
The illustration of generating numerous samples from the original batch, where the
elements of the original distribution are replaced and/or removed in the new sample is
depicted in Figure 5.10.
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Figure 5.10. Visual illustration of the bootstrap sampling

Unlike the conventional bootstrap approach, where the generation of the bootstrap
samples is conducted in a random manner, in this work all possible bootstrap samples
generated from an available data is considered. This is feasible in our experiments due to
the limited size of available sample generated from a limited number of experiments. For
example, a previously defined three critical CC values representing the yellow-to-red
boundary are 0.999, 0.9991, and 0.9989. Thus, by bootstrap sampling the given data set we

will get 10 combinations of similar size samples as following:

1. 0.9990 0.9991 0.9989
2. 0.9990 0.9990 0.9990
3. 0.9990 0.9990 0.9991
4. 0.9990 0.9990 0.9989
5. 0.9990 0.9991 0.9991
6. 0.9990 0.9989 0.9989
7. 0.9991 0.9991 0.9991
8. 0.9991 0.9991 0.9989
9. 09991 0.9989 0.9989
10.  0.9989 0.9989 0.9989

Consider the application of the bootstrap sampling technique to the FRA data
interpretation and classification of the transformer working condition. The pre-defined

observations for two decision boundaries can be denoted as ngy (Six green-to-yellow

decision boundaries B(cl;?x ;) and nyR (three yellow-to-red decision boundaries B(Yk‘}) ;). Let S‘CQ)Y

and S% denote the sets of decision boundary observations for B((';?K ; and B(Y"‘}QJ ;» accordingly:
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b _ [p® ) )
S= {BG\Y, 1BGy, 2+ Bayy, nG‘y} (59)
= {B%), B B ) (60)
YR 1BYR 200 BYR nyp

where superscript k denotes the utilized statistical index, thus k =1, ..., Nsjand in this work

Nsi =12. The mean of the decision boundaries is obtained as:

ngG|ly
—(k) k
Gw——z Bgly, (61)
ngGly
) k
Byr=-— Z Bk, (62)

Bootstrap sampling the original set of the defined decision boundaries yields:

k), o i plh), i k), i
S(GlYl { GlKZI,BG|K12, ceey BG‘Y,ZI’IG‘Y} (63)
N ®,j p), ",
Sy’ = {BYIRJI BYg' oo BY\RJnﬂR} (64)
wherei=1, ..., Mgy and j =1, ..., Mypr. The values for Mgy and My sets of generated

green-to-yellow and yellow-to-red decision boundaries are estimated via:

Moo (2”G|y-1) _ (2nyy-1)! (65)
G no|y (I’lG‘y-l)!nG‘y!
2ny -1
- YR
MYR_( nyRr > (66)

In this research work, six values for green-to-yellow and three values for yellow-to-
green decision boundaries are defined for 12 Sls, resulting in 6x3 = 18 pairs of decision
boundaries. Therefore, having the original values for ngy = 6 (six green-to-yellow decision
boundaries B(cl;?x ;) and nyr = 3 (three yellow-to-red decision boundaries B%},) applied to
(65) and (66), Mgy = 462 and Myr = 10 sets of bootstrap samples are obtained. The
illustration of the generated decision boundaries is provided in Figure 5.11 [181] ©2022
IEEE. Hence, after applying the bootstrap sampling, 4620 boundary pairs are generated

instead of original 18 pairs, justifying that this approach will be effective in case of the

limited experimental measurements.
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Figure 5.11. Decision boundaries for CC obtained with bootstrap sampling

Similar to (61) and (62) the averages of the decision boundary observations for each

indicator can be obtained for extended set as:

E(G")#ily SO B wherei=1, ..., 462 (67)
—=(k),j 1 i .
B%EEZ?_GIYB%{,, wherej=1, ..., 10 (68)

Thus, the overall set of decision boundaries for all 12 Sls can be represented in the

following matrix forms:

()1 =2 =), Mgy 7
Bgiy  Bgly = Bgly
_ @1 @2 3@ Mgy
Bgy= BG.\Y BGJY BG\Y. (69)
—(NS;), 1 —(J;fSI),2 X —(Ns15, Mgy
B B .. B
o Gl GlY “Nsr*Mgjy
[ =), 1 =(1),2 =), Myr 7
Byr  Bygr o Byg "
— @, 1 52,2 . @ My
Bye=| v B e (70)
—(Ns;), 1 —(]‘\’51),2 —(NS[Sy Myr
B B .+ B
R ne Yk “Ngr*<Myg

Finally, the generated set of boundaries and 4620 decision pairs are further applied
to classification and confidence level estimation. This process is identical to bolstered

method discussed in Sub-section 5.4.1, where the given test observation is compared
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towards the defined decision pairs. In this case, the obtained 4620 decision pairs are
employed to calculate the confidence level of a specific label (green, yellow, and red zone)

corresponding to each Sl. The probability of the test observation belonging to label 1 is

denoted as Cﬁk) (where k indicates the specific Sl) is defined as the ratio of this label | to all
labels for the given index k. As an example, consider that for the index k = CC, 3000 out of
4620 decision pairs report the red (critical) class. Hence, the probability (confidence level)

of this test observation belonging to yellow zone is Cﬁff) = (3000/4620)x100% = 65%. It
should be taken into account, that in this work, the collective decision of 12 Sls is estimated
and the final decision regarding the condition of the test object is based on the label with the

highest cumulative confidence of all indices. The overall confidence level denoted C; is

estimated via summing the C§k) (confidence of indices k=1, ..., Ns to belong to certain class
I) and normalizing it. To sum up, the interpretation and classification procedure can be
summarized into the following steps which are implemented in the algorithm provided
further:
1. The FRA measurement of the given scenario is conducted
2. The 12 Sls are estimated based on the acquired frequency response and the
fingerprint signature
3. The decision boundaries are generated using (63)-(70)
4. Sl-based probabilities C§k) for each label | are estimated using boundaries
defined in (69) and (70)
5. The cumulative decision for each label | is defined via summation of the SlI-
based confidences and normalization
6. The working condition of the test object is classified according to the label |

with the highest confidence C;.

for j =1to Ns do Nsi — number of all Sls (Ns; = 12)
select Sl-specific test observation, x0
initialize counters, Qi =0 | € {green, yellow, red}
fori=1to Myrdo Myr = 10
select yellow-to-red boundary, E%;'
for k =1to Mgy Mgy =462
do
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select green-to-yellow boundary, BG| Y
if j =CCorj=p)and (B(é)|lyc > B%)R’) then
classify xO based on BG‘Y and B(}le, H(xD)
if p(xP) = | then
increment Q
end if
end if
elseif (j 1= CC and j 1= p) and (BY)y < BYz) then
classify x0 based on BG‘Y and B(}le, H(xD)
if p(xP) = I then
increment Q
end if
end elseif

end for
end for

¢ = (Qi/ (MyrxMgp)) x 100%
end for
Ci=2; Cy) /N1

assign label, 7 = argmax {C;}
/

Notations:

Nsi — number of all Sls (Ng; = 12)

x® — Sl-specific test observation for indicator j

| — label, I € {green, yellow, red}

Myr — all combinations of yellow-to-red boundaries (Myr = 10)
Ma|y —all combinations of green-to-yellow boundaries (Mg)y = 462)
B(é)u’; — k-th Sl-specific observation of By for indicator j

B(;l)Rl — i-th Sl-specific observation of By, for indicator j

H(x0) — estimated label of x% for indicator j

CE/) — Sl-specific CL of indicator j for class |

Ci — cumulative CL for class |
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CHAPTER 6. SIMULATION AND PRACTICAL RESULTS,

ANALYSIS AND DISCUSSION

6.1 Introduction

This Chapter presents the practical results of the introduced FRA results
interpretation method and it is structured in the following manner: in Section 6.2 three
cases with different predefined levels of the winding short-circuit are investigated using
the proposed FRA interpretation and classification technique. In Section 6.3 the introduced
method is applied to define and classify the working condition of the winding undergoing
different types of the winding mechanical deformation and displacement.

For all fault types (short-circuit, deformation and displacement) the test setup is
classified among the green, yellow, and red operating zones and the corresponding
confidence levels are identified. The discussion of the obtained results and comparison

with conventional methods are conducted in Section 6.4.

6.2 Case studies: Winding short-circuit

In this section, the classification of the transformer working condition and its
confidence level are reported using the bootstrap resampling method discussed in Sub-
section 5.4.2. In this regard, two dry-type distribution transformers (see Figure 6.1(a)-(b)
[20] ©2021 IEEE) and one oil-filled power transformer (see Figure 6.1(c)) are exposed to
the short-circuit fault via parallel placing the rheostat to winding terminals. Transformers
are exposed to different levels of the winding short-circuit fault by varying the rheostat

value in accordance to the size of the test object and its total winding impedance.
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(b)
Figure 6.1. Equipment and test objects: (a) FRA analyzer and 1 kVA open-wounded

transformer; (b) 20 KVA dry-type transformer; (c) 40 MVA oil-filled transformer

6.2.1 Case 1: 1 kVA distribution transformer

In the first practical case study, a single-phase 1 kVA distribution transformer is
utilized. The 110 V tap changer terminals of the transformer are paralleled with 3 kQ
rheostat. The FRA signatures of healthy condition and short-circuit scenario are presented
in Figure 6.2. It is observed, that around first anti-resonant peak at 10 kHz the frequency
response expectedly flattens, which is the result of the winding short-circuit. Transfer
function magnitude is increased by nearly 7 dB at first anti-resonance point. In compliance
with IEC 60076-18 Standard [38], the mid-frequency band (2 kHz — 20 kHz) is mostly
influenced, which corresponds to the inter-winding fault. Moreover, higher frequencies (20
kHz — 1 MHz) are not influenced by short-circuit fault according to the FRA signatures
presented in Figure 6.2 [181] ©2022 IEEE.
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Figure 6.2. FRA signatures for intact case and short-circuit scenario of 110 V tap in

parallel with 3 kQ rheostat

The obtained FRA signatures were used to estimate the corresponding Sls and results
were used to classify the given scenario based on pre-defined decision boundaries. Figure
6.3 [181] ©2022 IEEE demonstrates the pre-defined boundaries and the value of CC
estimated for the given scenario, which is equal to 0.9990. It is observed that the current
test observation lies on the distribution of the yellow-to-red boundaries, where 40%

confidence corresponds to the yellow zone, whereas remaining 60% is in the red zone.
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Figure 6.3. CC-specific decision boundaries and given test observation for Case
Study 1

The Sl-based confidence levels are estimated for each operating zone and are
presented in Table 13 [181] ©2022 IEEE. It is remarkable, that the cumulative decision of
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12 Sls is 0%, 52.5%, and 47.5% for the test object to be in green, yellow, and red working
conditions, respectively. Hence, a 1 kVA transformer with 3 kQ resistance in parallel to

110 V tap terminals is ultimately classified to belong to the yellow (suspicious) zone.

Table 13 — Classification results and Sl-based CLs for Case study 1

Confidence Levels (%)

S| Value Green Yellow Red
CcC 0.9990 0 40 60
SD 1.8647 0 90 10
SSE 3.4736 0 80 20
ASLE  0.2460 0 50 50
DABS  1.0829 0 60 40
RMSE  0.0619 0 100 0
ED 58.196 0 80 20
CSD 1.6068 0 0 100
MM 1.0372 0 40 60
SSRE 0.0019 0 0 100
SSMMRE 0.0019 0 0 100
p 0.9997 0 90 10
Cumulative 0 525 475
Assigned Label Yellow

6.2.2 Case 2: 20 kVVA distribution transformer

The second case study examines the 20 kVA three-phase dry-type distribution
transformer. The 400 V tap terminals are paralleled with 5 kQ resistance. The FRA
reference signature and this fault scenario are depicted in Figure 6.4 [181] ©2022 IEEE,
where it is noted, that similar to previous case study, the frequency response flattens around
the first anti-resonance at 4 kHz—80 kHz band, resulting in magnitude increase by 3 dB.
Moreover, it is observed that around 130 kHz (second anti-resonant point) the magnitude

of the transfer function slightly increased by 1 dB.
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Figure 6.4. FRA signatures for intact case and short-circuit scenario of 4000 V tap
in parallel with 5 kQ rheostat

The visual representation of the pre-defined boundaries in Figure 6.5 [181] ©2022
IEEE and the estimated CC value (0.9996) demonstrate that the given short-circuit scenario

does not belong to any boundary, neither green-to-yellow, nor yellow-to-red zone, but
rather mostly corresponds to the yellow (suspicious) zone.
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Figure 6.5. CC-specific boundaries and given test observation for Case Study 2

The classification results and confidence levels associated with them are also
estimated for other indicators and are provided in Table 14 below [181] ©2022 IEEE. The
collective decision of 12 indicators reports 18.8%, 75.4%, and 5.8% confidence that this
scenario corresponds to the green, yellow, and red working zones, respectively. Therefore,

a scenario of 20 kVA transformer with 5 kQ resistance in parallel to 400 V tap terminals is
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ultimately classified to belong to the yellow zone, which is the suspicious working

condition.

Table 14 — Classification results and Sl-based CLs for Case study 2

Confidence Levels (%0)
S| Value Green Yellow Red
CcC 0.9996 0 100 0

SD 0.5629 9221 7.79 0
SSE 0.6191 39.18 60.82 0
ASLE  0.1642 0 100 0
DABS 0.4616 18.40 81.60 0
RMSE  0.0386 0 100 0
ED 24570 31.17 68.83 0
CSD 0.6875 31.60 68.40 0
MM 1.0231 0 100 0
SSRE  0.0008 0 60 40
SSMMRE 0.0008 0 70.02 29.98

p 0.9999 13.20 86.80 0
Cumulative 18.8 75.4 5.8
Assigned Label Yellow

6.2.3 Case 3: 40 MVA power transformer

In the third case study, a three-phase oil-filled power distribution transformer with
40 MVA power rating is used. The short-circuit fault is emulated via connecting 500 kQ
rheostat in parallel with 33 kV tap terminals. The corresponding FRA measurements of the
given setup and fingerprint spectra are presented in Figure 6.6 and the effect of the fault is
observed in terms of the significant flattening of the spectrum in the frequency range of 20
Hz — 3 kHz. Similarly, frequency response magnitude is increased by 40 dB at first anti-
resonance point, which occurred at 500 Hz (see Figure 6.6 [181] ©2022 IEEE).
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Figure 6.6. FRA signatures for intact case and short-circuit scenario of 33 KV tap in
parallel with 500 kQ rheostat

The Sls values for the given short-circuit scenario were estimated from the FRA
measurements and compared towards the pre-defined critical Sl values, representing each
boundary. In Figure 6.7 [181] ©2022 IEEE the allocation of the computed CC value
(0.9987) over the distribution of the boundary values is presented. It is observed that the
given CC value lies in the upper limit of the yellow-to-red boundary, which is numerically

reported in 100% confidence level of the given observation being in the red zone.
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Figure 6.7. CC-specific decision boundaries and given test observation for Case
Study 3

The Sl-based confidence levels are estimated for each operating zone and are
presented in Table 15 [181] ©2022 IEEE. The results report 0%, 15.0%, and 85.0%
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collective confidence levels for green, yellow, and red zones, respectively. Therefore, a 40
MVA transformer with 500 kQ resistance in parallel to 33 kV tap terminals is ultimately

classified to belong to the red (critical) working zone.

Table 15 — Classification results and Sl-based CLs for Case study 3

Confidence Levels (%)

S| Value Green Yellow Red
CcC 0.9987 0 0 100
SD 3.7794 0 0 100
SSE 14.269 0 0 100
ASLE 0.2224 0 70 30
DABS 1.8247 0 0 100
RMSE 0.0686 0 50 50
ED 117.95 0 0 100
CSD 3.3138 0 0 100
MM 1.0870 0 0 100
SSRE 0.0018 0 0 100
SSMMRE 0.0018 0 0 100
p 0.9996 0 60 40
Cumulative 0 150 85.0
Assigned Label Red

It is noteworthy, that the FRA test report comprised of transformer working mode
classification and corresponding confidence levels reported to the technical maintenance
personnel will significantly improve the conventional diagnostic and decision making

process.

6.3 Case studies: Mechanical deformation

In this section, the classification of the transformer working condition and its
confidence level is reported using the bolstered error estimation method discussed in
Section 5.4. For that, the winding software model developed and validated in Section 4.3
is used. The configuration of the FRA measurement is based on the standardized end-to-
end open-circuit test with 20 Vp.p sinusoidal input signal swept from 20 Hz to 10 MHz as
illustrated in Figure 6.8 [182] ©2021 IEEE. Since the size of the test object is considerably
small, the upper boundary of the frequency is increased as per recommendation by FRA

standard.
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Figure 6.8. Illlustration of the FRA measurement over the winding software model

6.3.1 Case 1: Disk space variation (DSV) fault

The winding axial deformation, namely, the disk space variation (DSV) is analyzed
in the first practical study, during which the upper disk of the winding structure is displaced
upwards along the main winding axis, so that the separation distance between intact and
the displaced disks is % of the wire diameter Dy. The altered lumped parameters of the
winding RLC model are estimated based on the approach discussed in Chapter 4, Section
4.4, and Sub-section 4.4.1. The frequency responses of the intact and fault condition are
illustrated in Figure 6.9. Unlike short-circuit fault which led to flattening of the curve at
first ant-resonance frequency and deviation of the transfer function magnitude, mechanical
deformation is mostly observed in terms of anti-resonant and resonant peaks’ shift along
the spectrum towards high frequency range. To be specific, in the result of the DSV fault,
the first anti-resonance frequency displaced from 3.041 MHz to 3.048 MHz, which is
influenced by decrease of the winding equivalent self-inductance. The frequency shift is
not quite significant; however, the relatively low extent of the axial displacement should
also be taken into consideration. Nevertheless, Figure 6.9 clearly displays the response of

the FRA signature to the introduced fault.
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Figure 6.9. The FRA signatures of intact and DSV fault scenario

Figure 6.10 displays the Gaussian kernel and corresponding CLs for the CC value
estimated from the obtained FRA data. It is clear, that the kernel mass of the current observation
where CC = 0.99945 mostly lies in the yellow (suspicious) zone with 99.83% confidence;

whereas remaining 0.17% confidence corresponds to the green (healthy) zone.
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Figure 6.10. The CC-specific confidence levels for Case Study 1 (CC = 0.99945)

The collective decision of all 12 indicators should be taken into consideration. The
Sls estimated for the given scenario, their respective classification results and confidence
levels are summarized in Table 16. In particular, the green, yellow, and red zones are
allocated with 50.82%, 47.11%, and 2.06% overall confidence, accordingly. Thus, the

ultimate assigned label for the given fault condition is the green (healthy) working mode.
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The class label is given based on majority vote of Sls, whereas the confidence percentage

is estimated via averaging the reported CLs.

Table 16 — Classification results for Case study 1

e . Confidence (%)
Sl Sl value Classification result Green Yellow Red
CC 0.99945 yellow 017  99.83 0
SD 0.67043 green 65.68 34.32 0
SSE 0.44940 green 91.73  8.27 0
ASLE  0.01944 green 100 0 0
DABS  0.09012 green 100 0 0
RMSE  0.04586 yellow 122 9870 0.08
ED 50.6122 yellow 0 99.79 0.21
CSD 0.67021 yellow 2357 7643 0.00
MM 1.02585 yellow 2231 5324 2445
SSRE 0.00007 green 100 0 0
SSMMRE 0.00006 green 100 0 0
p 0.99979 yellow 522 9478 0
Overall green 50.82 4711 206

6.3.2 Case 2: Radial displacement fault

Winding radial deformation is investigated in this study. To be specific, the upper disk of
the winding is shifted along the radius of the winding structure by the distance equivalent to one
wire diameter Dw. The affected lumped parameters of the winding RLC model are re-evaluated
based on the methodology discussed in Sub-section 4.4.2. The frequency responses of the intact
and fault condition are illustrated in Figure 6.11 below. It is noted, that the first anti-resonant peak
is shifted towards lower frequencies from 3.02 MHz to 2.92 MHz. On the contrary, high
frequency resonance and anti-resonance peaks shifted to higher frequencies from 9 MHz up to
9.5 MHz. Moreover, the radial displacement triggered new resonating peaks at approximately
6.5 MHz.
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Figure 6.11. The FRA signatures of intact and radial displacement scenario

Figure 6.12 displays the Gaussian kernel and corresponding CLs for the CC value

estimated from the obtained FRA data. It is clear, that the kernel mass of the current observation

where CC =0.99745 lies in the red zone, hence CC reports 100% confidence of belonging to the

critical working mode.
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Figure 6.12. The CC-specific confidence levels for Case Study 2 (CC = 0.99745)

The estimated Sls and their respective classification results are reported in Table 17,

demonstrating overall 37.07% and 63.93% confidence of belonging to yellow (suspicious) and

red (critical) operating modes, accordingly. Thus, based on the majority vote of the statistical

indices’ results, the given radial displacement scenario is considered to relate to the critical

working condition.

97



Simulation and Practical Results, Analysis and Discussion

Table 17 — Classification results for Case study 2

e . Confidence (%)
SI Slvalue Classification result Green Vellow Red
CC 0.99745 red 0 0 100
SD 1.52106 yellow 0 100 0
SSE 2.31321 yellow 0 100 0
ASLE 0.18216 yellow 0 100 0
DABS 0.51154 yellow 0 100 0
RMSE 0.10404 red 0 0 100
ED 114.8273 red 0 0 100
CSD 1.48460 red 0 0 100
MM 1.10207 red 0 0 100
SSRE 0.00111 red 0.01 1418 8581
SSMMRE  0.00096 red 0 30.70 69.30
p 0.99901 red 0 0 100
Overall red 0.00 37.07 6293

6.3.3 Case 3: Disk tilting fault

In this practical study, winding disk tilting is emulated and proposed classification method
is examined. In particular, the upper disk of the winding is tilted upwards so that the angle
between tilted and intact disks planes is 1.16°. This angle corresponds to the scenario where one
end of the upper disk is still touching the lower disk, whereas the other end of the disk is separated
from the lower disk by 1 wire distance Dw. The affected lumped parameters of the winding RLC
model are evaluated based on the methodology discussed in Sub-section 4.4.3. The frequency
responses of the intact and fault condition are illustrated in Figure 6.13. Unlike radial
deformation, in the result of the tilting fault, the first anti-resonant peak is slightly shifted towards
higher frequencies from 3.02 MHz to 3.08 MHz. In addition, high frequency resonance and anti-

resonance peaks also dislocated towards higher frequencies at around 9 MHz.
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Figure 6.13. The FRA signatures of intact and disk tilting scenario

Figure 6.14 depicts the Gaussian kernel and the current observation of CC value. It is
observed that the kernel of CC = 0.99915 covers both yellow and red zones, with majority of the

mass belonging to yellow zone (90.86%).
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Figure 6.14. The CC-specific confidence levels for Case Study 3 (CC = 0.99915)

Table 18 presents the classification results of all Sls retrieved from the frequency response
spectra. It is noted, that four out of 12 Sls report healthy mode with overall 34.23% confidence,
seven Sls report suspicious condition with 57.72% gross confidence, and single Sl reports the
critical condition leading to 8.05% confidence. Hence, the final decision regarding the examined

tilted winding will be yellow zone. Although it is vital, that all three confidence levels are

99



Simulation and Practical Results, Analysis and Discussion

reported to the operator, so that the issue of whether to return the test object back to service or

send it for further diagnosis is resolved based on full data.

Table 18 — Classification results for Case study 3

e . Confidence (%)
Sl Sl value Classification result Green Vellow Red
CC 0.99915 yellow 0 9086 9.14
SD 0.83514 yellow 0.05 99.95 0
SSE 0.69734 yellow 10.67 89.33 0
ASLE 0.03310 green 100 0 0
DABS 0.13488 green 100 0 0
RMSE  0.05712 yellow 001 9541 458
ED 63.04624 yellow 0 755 245
CSD 0.83426 yellow 0 100 0
MM 1.03622 red 0 4247 5753
SSRE 0.00013 green 100 0 0
SSMMRE 0.00011 green 100 0 0
p 0.99967 yellow 0.05 99.09 0.86
Overall yellow 3423 5772 8.05

6.4 Discussion

In this work, conventional and advanced methodologies for transformer condition
monitoring and diagnosis were investigated. Specifically, basic concept of the transfer
function method (FRA), up-to-date standards and interpretation techniques were discussed
emphasizing their advantages and challenges. In this regard, a new approach based on
statistical analysis and machine learning tools (bolstered error estimation and bootstrap
sampling) for automated and quantitative interpretation of the FRA data was introduced in
this thesis. The proposed method was examined on different test objects such as fabricated
winding, distribution and power transformers with different power rating and type.

To estimate the efficiency of the introduced method, here its performance with other
methods proposed in literature and standards is compared. Four alternative techniques
utilizing statistical analysis for FRA interpretation were applied to three case studies with
pre-defined short-circuit scenario. The summary of the results is presented in Table 19
[181] ©2022 IEEE.
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It is observed, that Nirgude et al. [168] employed three Sls to classify the test
observation (CC, SD, and ASLE) and their results contradict among all case studies. On the
other hand, Tahir et al. [179] used CCF and reported “good” condition for all scenarios.
Similarly, the NCEPRI [160] method using the relative factor Exy classified all cases as
“normal”. The Chinese Standard DL/T911-2004 [19] which applies statistical analysis to
three sub-bands separately reported “gentle deformation” for the Case Study 1, and

“normal winding” for Case Studies 2 and 3.

Table 19 — Comparison of the introduced technique with FRA interpretation state-

of-the-art
Case Proposed . .
study method Nirgude et al. [168] Tahiretal. [179] DL/T911-2004 [19] NCEPRI [160]
. . Gentle deformation
. Critical Critical Normal Good _ _ Normal
Label  Suspicious  cc_ 09900 SD=1.8647 ASLE=02460 CCF=09934 F- é‘g“'_RlM; T
Nel HF = 1. O
52.5% yellow
CLs  "47.5% red - - - - - -
. Normal
. Critical Normal Normal Good _ _ Normal
Label  Suspicious oo 09996 SD=05269 ASLE=0.1642 CCF=09964 - é‘fpl':RzMgg R S 51
Ne2 75.4% yellow
CLs  18.8% green
5.8% red
. i, Normal
. Critical Critical Normal Good _ _ Normal
o Label  Critical  ¢c_099g7 sD=37794 ASLE=02460 CCF=02224 "F- %:f’sztMgs_ 0L gy =044

85.0% red
CLS 1500 yellow B B B B B B

However, it should be noted, that each of these methods have its certain limitations
in terms of the transformer power rating and frequency spectrum of the injected signal. For
example, the DL/T911-2004 Standard [19] measures the system frequency response
between 1 kHz and 1 MHz and NCEPRI [160] analyzes the transfer function from 10 kHz
up to 700 kHz range, thus overlooking the lower and higher frequencies. Although the
abovementioned techniques propose a quantitative interpretation of the FRA data, they
have practical limitations that might result in significant data loss. Moreover, since SI-
based decisions for the same condition may contradict, the necessity of the confidence level
reporting proves its validity and importance. The results of any maintenance and diagnostic

test are quite important and should facilitate the effective decision-making process
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The overall concept of the introduced method is to classify the test object among
three operating zones (green-healthy, yellow-suspicious, and red-critical) and report the
confidence levels corresponding to all three zones. The proposed method was applied to
test objects undergoing winding short-circuit fault and mechanical deformation, which are
some of the most frequent fault types occurring in transformer active part. Moreover,
practical case studies were conducted both in laboratory and simulation medium. The short-
circuit fault was emulated via installing rheostat in parallel to winding terminals, thus
provided the opportunity to control the severity of the fault. Winding RLC model in SPICE
environment is developed over the fabricated winding and facilitated emulation of the three
types of winding deformation, namely, axial, radial, and tilting (combination of axial and
radial forces).

The obtained results reported classification of the transformer and winding
prototype exposed to different faults along with decision confidence levels. This sort of
comprehensive report, in turn, has a significant practical advantage because it can
potentially facilitate well-informed decisions regarding transformer under the test for on-

site technicians.
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CHAPTER 7. CONCLUSIONS AND FUTURE WORK

7.1 Conclusions

Qualified transformer diagnostic works to maintain its electrical and mechanical
integrity are among the highest priorities for utility stakeholders. Over the past decades,
different transformer condition testing techniques have been developed, among which a
transfer function method, namely, the Frequency Response Analysis (FRA), is known as
the most accurate, widely accepted and the least invasive method. Other than that, FRA is
capable of detecting a wide range of transformer internal faults, such as core problems,
connection failure, winding structure deviations, etc. Despite the fact that FRA is quite a
mature method with well-developed standards and solid background, understanding and
interpretation of the FRA results requires further research and improvement. Therefore,
different advanced techniques borrowed from machine learning, statistical analysis, image
processing, and system modelling are being actively integrated with FRA results
interpretation.

Transformer diagnostic state-of-the-art techniques, major internal and external fault
triggering factors, FRA concept, measurement setup configurations, standards and
interpretation techniques were discussed. Advantages and challenges of conventional and
advanced interpretation methods were emphasized. A new approach combining machine
learning tools and statistical analysis was introduced in this research. In particular,
bolstered error estimation and bootstrap sampling techniques were used to classify the
working condition of the transformer under the test, while 12 statistical indicators were
utilized as the classification criteria. The critical values of indices representing decision
boundaries were obtained via emulation of the winding short-circuit fault, where the
variable resistance rheostat was installed in parallel with winding terminals. The
established green-to-yellow (healthy-to-suspicious) and yellow-to-red (suspicious-to-
critical) decision boundaries were applied to different severity levels of the winding short-
circuit and mechanical deformation. Other than that, proposed interpretation method was

assessed on the winding software RLC model based on the fabricated air-core winding.

103



CONCLUSIONS AND FUTURE WORK

The obtained classification results were compared with the conventional methods available
in the literature and standards.

Machine learning and statistical-based real-life diagnosis and forecasting will, in
turn, facilitate isolation of the transformer unit from the grid before it damages other
equipment, ignites or even causes major power outages. Hence, expenses for repair works,
component replacement, and work injury compensation will be significantly reduced. On
the other hand, determination of the residual service lifespan and severity of the damage of
the transformer is vital for planning maintenance and repair budget. This in turn will

decrease an inexpedient use of financial resources and a cash outflow.

7.2 Future work

Based on the theoretical study and practical results, there are several topics that can

be studied in the future.

7.2.1 On-line FRA

It is obviously beneficial to implement a continuous on-line diagnosis system,
which will alert the grid operator about the changes in the transformer structure. This will,
in turn, prevent the emergency situation on the power network and severe damage of
components, which might lead to severe economic and environmental losses. The on-line
FRA test will also eliminate the necessity to de-energize transformer from the grid.
Nevertheless, implementation of the on-line FRA requires further research to resolve a
number of challenges such as injection of the sweep signal, measuring the response signal,
compensation circuit, mitigating the impact of external equipment and high voltage grid
lines, etc. Stability of the power grid and loading should also be taken into consideration
during on-line FRA measurements.

On the other hand, the merger of the real-time on-line FRA with the Supervisory
Control and Data Acquisition (SCADA) network of the grid will give the opportunity to
remotely isolate faulty transformer or reroute the power flow, hence reducing the necessity
for direct operational and maintenance activities, which in turn will raise the safety of

personnel and equipment. However, since electricity network is one of the most
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strategically important facilities, the demand for cyber security of smart grid will most

likely increase.

7.2.2 Three-phase winding RLC model

In this research work, a single-phase air-core winding was fabricated and its
software model was created in SPICE environment. The detailed RLC model was, as the
name suggest, based on the distributed parameters of the winding — resistance, inductance,
and capacitance. The mutual coupling between turns and adjacent disks were taken into
account by an analytical model. The winding software model was validated via practical
FRA measurements of the physical winding and further used for axial and radial winding
deformation. As the next step, it is reasonable to extend the created RLC model up to three-
phase winding with the magnetic core. Obviously, the model will become significantly
complicated in this case because the number of the distributed elements will dramatically
increase and additional element in terms of the mutual coupling between core and the
winding structure should be taken into consideration. Nevertheless, a comprehensive
model of the two-winding single-phase or three-phase transformer will facilitate a detailed
investigation of the winding mechanical deformation and displacement without having to

physically implement the irreversible fault.
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APPENDICES

Appendix A. Self- and Mutual inductances calculation

Calculation of Self-inductances and Mutual inductances of coils

import numpy as np

d=2.99 # diameter of conductor (in mm)

t=1.14 # thickness of insulator (in mm)

D_core =110 # air core diameter (in mm)

N_d=10 # number of disks

N_t=6 # number of turns in each disk

er=4 # relative permittivity of silicon rubber insulator
e 8.854e-12 # permittivity of free space

T
0

D_wire =d + 2*t # diameter of wire

R_turn = np.zeros((1,N_t)) # initializing turn radius vector (in mm)
R_mean = (N_t/2)*(2*t + d) + D_core/2 # mean radius of disk (in mm)

# Calculation of radii of turns
for i in range(N_t):
R_turn[:,N_t-1-i] = (D_core/2) + (2*i + 1)*(t + d/2)

# Self-induction calculation using Kirchoff equation [59] Grover
L = 4*np.pi*(R_turn*1e-3)*(np.log(8*R_turn/(d/2))-1.75)*1e-7
#L_micro = np.round(L * 1e6, 4)

L _micro=L * 1e6

# Self-induction calculation using Geometric mean [60] Grover

ratio = (d/2)/R_turn

L_g = 4*np.pi*(R_turn*1e-3)*((1 + 0.1137*ratio**2)*np.log(8/ratio) - 0.0095*ratio**2 - 1.75)*1e-7
L_g_micro = np.round(L_g * 1e6, 4)

# Self-induction calculation for AC and high frequency [62] Grover
L_h = 4*np.pi*(R_turn*1e-3)*((1 + (3/16)*ratio**2)*np.log(8/ratio) - (1/16)*ratio**2 - 2)*1e-7
L_h_micro = np.round(L_h * 1e6, 4)

# Mutual inductance calculation for filament
M =np.zeros((12,12))  # initializing mutual inductance matrix
y =[0]*6 + [(d + 2*t)]*6 # distances between center of coils
R = np.concatenate((R_turn, np.flip(R_turn,axis=1)),axis=1)  # radial distances from central axis
for i in range(N_t*2):
for j in range(i+1,N_t*2):
# finding k2 from Grover
k_sq = ((Y[i] - yiD)**2 + (R[] - RL:j1)*2)/((YIT] - yOI)**2 + (R[] + R[:j1)**2)
# calculation of f
f=0.014468*(np.log10(1/k_sq)-0.53307)
# calculation of mutual inductance
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M[i,j] = F*(R[:,i1*R[:,j]*1e-2)**0.5*1e-6
#M_micro = np.round(M * 1e6,4)  # converting to microhenries
M_micro =M * 1e6

M_trans = np.transpose(M_micro)  # transposing the inductances
M_tot = M_micro + M_trans # adding matrices
k=0
for hin range(2*N_t):
ifh>=N_t:
k = -(1+2*(h-N_t))
M_tot[h,h] = L_micro[;,k+h] # adding diagonal elements

M2_fin=M_tot * 1e-6 # from micro to true value 2 disks
K2_rel = np.linalg.inv(M2_fin)  # 2 disks reluctance

M1 fin=M_tot[:N_t,:N_t] * 1e-6 # inductance matrix for 1 disk
KZ1_rel = np.linalg.inv(M1_fin)  # reluctance matrix for 1 disk
L1=1/np.diag(K1_rel) *1e6 # new inductances in microHenries

alpha = np.zeros((N_t,N_t))

for i in range(N_t):
alphali,:] = K1_rel[i,:}/K1_rel[i,i]
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Appendix B. Mutual inductance function

Inductance_calculation_complex.py

""" Function for calculating mutual inductance

import numpy as np

# Table of constant f for k_sq > 0.1

k_sq_L = np.round(np.arange(0.01, 1.01, 0.01), 2)

f_L = np.array([0.021474, .017315, .014937, .013284, .012026, .011017, .010179, .009464, .008843,
.008297, .007810, .007371, .006974, .006611, .006278, .005970, .005685, .005420, .005173, .004941,
.004723, .004518, .004325, .004142, .003969, .003805, .003649, .003500, .003359, .003224, .003095,
.002971, .002853, .002740, .0026317, .0025276, .0024276, .0023315, .0022391, .0021502, .0020646,
.0019821, .0029026, .0018259, .0017519, .0016805, .0016116, .00015451, .0014808, .0014186, .0013585,
.0013004, .0012443, .0011900, .0011374, .0010865, .0010373, .0009897, .0009436, .0008990, .0008558,
.0008141, .0007736, .0007345, .0006966, .0006600, .0006246, .0005903, .0005571, .0005251, .0004941,
.0004642, .0004353, .0004074, .0003805, .0003545, .0003295, .0003054, .0002823, .00025998, .00023859,
.00021806, .00019840, .00017959, .00016162, .00014450, .00012821, .00011276, .00009815, .00008438,
.00007146, .00005940, .00004824, .00003798, .00002866, .00002035, .00001312, .00000708, .00000249,
0])

diff L1=f L[1:]-f L[:-1]

diff_L2 =diff_L1[1:] - diff_L1[:-1]

# Table of constant f for k_sq <=0.1

log_k sq_S = np.round(np.arange(-6.0, -0.9, 0.1), 1)

k sq_S =10**(log_k sq_S)

f_S=np.array([.079093, .077647, .076200, .074753, .073306, .071860, .070413, .068966, .067520, .066073,
.064626, .063180, .061733, .060287, .058840, .057394, .055947, .054500, .053055, .051609, .050163,
.048717, .047272, .045827, .044382, .042938, .041494, .040051, .038608, .037167, .035727, .034288,
.032851, .031416, .029984, .028554, .027128, .025707, .024291, .022881, .021478, .020084, .018700,
.017329, .015972, .014632, .013311, .012013, .010742, .009502, .008297])

diff S1=f S[1:]-f S[:-1]

diff_S2 = diff_S1[1:] - diff_S1[:-1]

def f_calc(k_sq):

if k_sq <= le-6:
# estimating f
f=0.014468 * (np.log10(1/k_sq) - 0.53307)

elif k_sq <= 0.01:
# calculating log10 of k_sq
log_k_sqg = np.log10(k_sq)
# flooring the number to the first decimal
log_k_sqg_floor = np.floor(log_k_sq * 10) / 10
# finding the corresponding value of f
fl =f S[log_k sq_floor*10 == log_k_sq_S*10]
# finding the first order difference
diffl = diff_S1[(log_k_sq_floor == log_k_sq_S)[:-1]]
# finding the second-order difference
diff2 = diff_S2[(log_k_sq_floor == log_k_sq_S)[:-2]]
# calculating the value of "u"
u = (log_k_sq - log_k_sqg_floor) * 10
# calculating u2 = (1-u)/2
u2z=(1-u)/2
# estimating f
f="fl+u* (diffl - u2*diff2)
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print(log_k_sq_floor, f1, diffl, diff2)
elifk sq<1:
# flooring the number to the second decimal
k_sqg_floor = np.floor(k_sq * 100) / 100
# finding corresponding value of f
fl=1f L[k sq_floor==k _sq_L]
# finding the first-order difference
diffl = diff_L1[(k_sqg_floor == k_sq_L)[:-1]]
# finding the second-order difference
diff2 = diff_L2[(k_sq_floor == k_sq_L)[:-2]]
# calculating the value "u"
u = (k_sq - k_sq_floor) * 100
# calculating u2 = (1-u)/2
u2=(1-u)/2
# estimating f
f=1fl+u* (diffl - u2*diff2)
elifk_sq==1:
f=0
elifk_sq > 1:
f=1
print("Error in k_sq")
return f
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Appendix C. AC resistance calculation

Resistance calculation

import numpy as np

d=2.3622 # diameter of conductor (in mm)

t=1.143  #thickness of insulator (in mm)

D_core =89 # air core diameter (in mm)

N d=10 # number of disks

Nt=6 # number of turns in each disk

er=4 # relative permittivity of silicon rubber insulator
e_0=8.854e-12 # permittivity of free space

Res_dc = 0.00574# DC resistance (Ohm/m)

D_wire =d + 2*t # diameter of wire

R_turn = np.zeros((1,N_t)) # initializing turn radius vector (in mm)
R_mean = (N_t/2)*(2*t + d) + D_core/2 # mean radius of disk (in mm)

# Calculation of radii of turns
foriin range(N_t):
R_turn[:,N_t-1-i] = (D_core/2) + (2*i + 1)*(t + d/2)

# Calculation of AC resistance of coils (coef*sqrt(f))
Res_ac_coef = 0.027678/(Res_dc*(2*np.pi*R_turn*1e-3))**0.5
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Appendix D. Turn-to-turn and disk-to-disk capacitances calculation

Calculation of turn-to-turn and disk-to-disk capacitances

import numpy as np

d=2.99 # diameter of conductor (in mm)

t=1.14 # thickness of insulator (in mm)

D_core =110 # air core diameter (in mm)

N d=10 # number of disks

Nt=6 # number of turns in each disk

er=4 # relative permittivity of silicon rubber insulator
e_0=8.854e-12 # permittivity of free space

D_wire =d + 2*t # diameter of wire

R_turn = np.zeros((1,N_t)) # initializing turn radius vector (in mm)
R_mean = (N_t/2)*(2*t + d) + D_core/2 # mean radius of disk (in mm)

# Calculation of radii of turns
foriin range(N_t):
R_turn[:,N_t-1-i] = (D_core/2) + (2*i + 1)*(t + d/2)

# Calculation of radie of middle of conductors (in mm)
R_mid = R_turn[:,;:N_t-1] - (d/2) - t

# Calculation of length of middle of conductors It (in mm)
I_mid =2 * np.pi * R_mid

# Calculation of turn-to-turn capacitances between turns of same disk

theta = np.arccos(1 - np.log(D_wire/d)/e_r) # crossing angle Theta*

Ctt=e_0* (I_mid*1e-3) * (e_r * theta / np.log(D_wire/d) + 1/np.tan(theta/2) - 1/np.tan(np.pi/12))
Ctt_piko = Ctt * 1el12

# Calculation of disk-to-disk capacitances between turns of adjacent disks

Cdd =e_0* (2*np.pi*R_turn*1e-3) * (e_r * theta/ np.log(D_wire/d) + 1/np.tan(theta/2) - 1/np.tan(np.pi/12))

Cdd_piko = Cdd * 1el12
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Appendix E. Netlist generation for winding with 10 disks with 6 turns per disk

Generating a netlist for 10 disks

import numpy as np

d=2.9972  # diameter of conductor (in mm)

t=1.143  # thickness of insulator (in mm)

D_core =110 # air core diameter (in mm)

N d=10 # number of disks

N_t=6 # number of turns in each disk

4 # relative permittivity of silicon rubber insulator
8.854e-12 # permittivity of free space

er
e 0
—dc_m =0.00354# DC resistance (Ohm/m)

-~ dc_ft=1.08 # DC resistance (Ohm/1000feet)

r
r

ft_to_m = 0.3048# meter to feet conversion
D_wire =d + 2*t # diameter of wire

R_turn = np.zeros((1,N_t)) # initializing turn radius vector (in mm)
R_mean = (N_t/2)*(2*t + d) + D_core/2 # mean radius of disk (in mm)

# Calculation of radii of turns
foriin range(N_t):
R_turn[:,N_t-1-i] = (D_core/2) + (2*i + 1)*(t + d/2)

# %% Inductance calculation

# Self-induction calculation using Kirchoff equation [59] Grover
L = 4*np.pi*(R_turn*1e-3)*(np.log(8*R_turn/(d/2))-1.75)*1e-7
#L_micro = np.round(L * 1e6, 4)

L _micro=L * 1e6

# Mutual inductance calculation for filament (3 or more disks)
M = np.zeros((N_t*N_d,N_t*N_d)) # initializing mutual inductance matrix

v=1] # vertical distance of center of coils from top coil
R =R_turn # initialize the radial distance vector
Rflip = R_turn # flipping radial dimensions

for i in range(N_d):
y+=[i *(d + 2*t)]*6 # distances between center of coils

for i in range(N_d-1):
R = np.concatenate((R, np.flip(Rflip,axis=1)),axis=1)  # radial distances from central axis
Rflip = np.flip(Rflip,axis=1)

for i in range(N_t*N_d):

for j in range(i+1,N_t*N_d):
# finding k~2 from Grover
k_sq = ((Y[i] - yiI)**2 + (R[] - RL:J1)™2)/((YIT] - yOI)**2 + (R[] + R[:,j1)**2)
# calculation of f
f=10.014468*(np.log10(1/k_sq)-0.53307)
# calculation of mutual inductance
M[i,j] = F*(R[:,i1*R[:,j]*1e-2)**0.5*1e-6
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#M_micro = np.round(M * 1e6, 4)  # converting to microhenries
M_micro =M * 1e6

M_trans = np.transpose(M_micro)  # transposing the inductances

M_tot = M_micro + M_trans # adding matrices
index_flip = np.arange(N_t) # index of self-inductance
cur_disk =1 # current disk

cc=0 # counter of turns

for hin range(N_d*N_t):
M _tot[h,h] = L_micro[:,index_flip[h-N_t*(cur_disk-1)]] # adding diagonal elements

cc+=1 # increment turn number
ifcc==N_t:
cur_disk += 1 # increment disk counter
cc=0 # nullify turn counter

index_flip = np.flip(index_flip, axis=0) # flip index vector

M_fin = M_tot * 1e-6 # from micro to true value 2 disks
K_rel = np.linalg.inv(M_fin)  # 2 disks reluctance

#M1_fin = M_tot[:N_t,:N_t] * 1e-6 # inductance matrix for 1 disk
#K1 rel = np.linalg.inv(M1_fin)  # reluctance matrix for 1 disk
Lnew = 1/ np.diag(K _rel) * 1e6  # new inductances in microHenries

alpha = np.zeros((N_t*N_d,N_t*N_d))
foriinrange(N_t*N_d):
alphali,:] = K_rel[i,:J/K_relli,i]

# %% Capacitance calculation

# Calculation of radie of middle of conductors (in mm)
R_mid = R_turn[:,:N_t-1] - (d/2) - t

# Calculation of length of middle of conductors It (in mm)
|_mid =2 * np.pi * R_mid

# Calculation of turn-to-turn capacitances between turns of same disk

theta = np.arccos(1 - np.log(D_wire/d)/e_r)  # crossing angle Theta*

Ctt =e_0* (I_mid*1e-3) * (e_r * theta / np.log(D_wire/d) + 1/np.tan(theta/2) - 1/np.tan(np.pi/12))
Ctt_piko = Ctt * 1e12

Ctt_p = Ctt_piko

# Calculation of disk-to-disk capacitances between turns of adjacent disks
Cdd =e_0* (2*np.pi*R_turn*1e-3) * (e_r * theta/ np.log(D_wire/d) + 1/np.tan(theta/2) - 1/np.tan(np.pi/12))
Cdd_piko = Cdd * 1el12

# %% Calculation of AC resistance coefficient

# Calculation of AC resistance of coils (coef*sqrt(f))

Res_ac_coef = 0.027678/(r_dc_ft)**0.5

Res_ac_wire = ((2*np.pi*R_turn*1e-3) * (r_dc_ft/(ft_to_m*1e3))) * Res_ac_coef
r_ac = Res_ac_wire

# %% Generating a SPICE netlist for 10 disks

filename = "netlist_10disk.txt" # name of the txt file
N d=10 # number of disks
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cc=0 # counter of turns of disk
cur_disk =1 # current disk number
with open(filename, "w") as nt:
for i in range(N_t*N_d):
nt.write("\nL{} N{}P1 N{}P2 {:0.4f}u\n".format(i+1, i+1, i+1, Lnew[i]))
pn=2 # node point N1P2
for j in range(N_t*N_d):
if jl=i:
pn+=1 # move through node
ntwrite("E{}_{} N{IP{} N{3P{} N{3P{} N{3P{} {:0.4fH\n" format(i+1, j+1, i+1, pn, i+1, pn-1,
j+1, 1, j+1, N_t*N_d+1, alpha[i,j]))

nt.write("R%d N%dP%d N%dP%d R=1 LAPLACE=+1/{K%d}/(-S*S/4/3.14"2)"0.25\n" % (i+1, i+1,
pn, i+2, 1, i+1))
nt.write(".param K%d=%0.4e\n" % (i+1, r_ac[:,i-N_t*(cur_disk-1)]))

cc+=1 # increment counter
if cc < N_t:
nt.write("Ctt%d_%d N%dP%d N%dP%d 9%0.2fp\n" % (i+1, i+2, i+1, 1, i+2, 1, Ctt p[:,i-
N_t*(cur_disk-1)])) #

elifcc == N_t:
cc=0 # nullify the counter (new disk)
Ctt_p = np.flip(Ctt_p, axis=1)
cur_disk+=1  # increment disk number
r_ac = np.flip(r_ac, axis=1)

nt.write("\n")
Cdd_flip = Cdd_piko # vector of disk-to-disk capacitance
Cdd_print = Cdd_piko # first 6 Cdds
for i in range(N_d-2):
Cdd_print = np.concatenate((Cdd_print, np.flip(Cdd_flip, axis=1)),axis=1)
Cdd_flip = np.flip(Cdd_flip, axis=1)
cur_disk =1 # current disk number
cc=0 # counter of turn
foriinrange(N_t*(N_d-1)):
ntwrite("Cdd%d_%d N%dP%d N%dP%d %0.2fp\n" % (i+1, 2*cur_disk*N_t-i, i+1, 1,
2*cur_disk*N_t-i, 1, Cdd_print[:,i]))
cc+=1
if cc == N_t:
cur_disk +=1
cc=0

nt.write("\nV1 In 0 AC 10\n")

nt.write("Rin In N1P1 50\n™)

nt.write("Rout N{}P1 0 50\n".format(N_d*N_t+1))
nt.write(".print V(N{}P1)\n".format(N_d*N_t+1))
nt.write(".print V(In)\n™)

nt.write("\n.ac dec 1000 10 200000k\n.backanno\n.end\n™)
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Appendix F. Netlist for winding with 10 disks with 6 turns per disk

L1 N1P1 N1P2 0.2086u

E1 2 N1P3 N1P2 N2P1 N2P61 -0.3780

E1_3 N1P4 N1P3 N3P1 N3P61 -0.0246

E1_4 N1P5 N1P4 N4P1 N4P61 -0.0200

E1_5 N1P6 N1P5 N5P1 N5P61 -0.0118

E1_6 N1P7 N1P6 N6P1 N6P61 -0.0103

E1_7 N1P8 N1P7 N7P1 N7P61 -0.0002

E1_8 N1P9 N1P8 N8P1 N8P61 0.0008

E1 9 N1P10 N1P9 N9P1 N9P61 0.0010
E1 10 N1P11 N1P10 N10P1 N10P61 0.0072
E1_11 N1P12 N1P11 N11P1 N11P61 -0.0515
E1 12 N1P13 N1P12 N12P1 N12P61 -0.3663
E1 13 N1P14 N1P13 N13P1 N13P61 -0.0235
E1_14 N1P15 N1P14 N14P1 N14P61 0.0070
E1_15N1P16 N1P15 N15P1 N15P61 0.0006
E1_16 N1P17 N1P16 N16P1 N16P61 -0.0002
E1_17 N1P18 N1P17 N17P1 N17P61 -0.0001
E1_18 N1P19 N1P18 N18P1 N18P61 0.0002
E1_19 N1P20 N1P19 N19P1 N19P61 0.0006
E1 20 N1P21 N1P20 N20P1 N20P61 -0.0000
E1_21 N1P22 N1P21 N21P1 N21P61 -0.0000
E1_22 N1P23 N1P22 N22P1 N22P61 -0.0002
E1 23 N1P24 N1P23 N23P1 N23P61 0.0010
E1_24 N1P25 N1P24 N24P1 N24P61 -0.0186
E1 25 N1P26 N1P25 N25P1 N25P61 -0.0109
E1_26 N1P27 N1P26 N26P1 N26P61 0.0007
E1_27 N1P28 N1P27 N27P1 N27P61 -0.0000
E1_28 N1P29 N1P28 N28P1 N28P61 0.0000
E1_29 N1P30 N1P29 N29P1 N29P61 -0.0000
E1_30 N1P31 N1P30 N30P1 N30P61 0.0008
E1_31 N1P32 N1P31 N31P1 N31P61 0.0010
E1 32 N1P33 N1P32 N32P1 N32P61 -0.0001
E1 33 N1P34 N1P33 N33P1 N33P61 0.0000
E1 34 N1P35 N1P34 N34P1 N34P61 -0.0000
E1 35 N1P36 N1P35 N35P1 N35P61 0.0005
E1 36 N1P37 N1P36 N36P1 N36P61 -0.0074
E1 37 N1P38 N1P37 N37P1 N37P61 -0.0053
E1_38 N1P39 N1P38 N38P1 N38P61 0.0003
E1_39 N1P40 N1P39 N39P1 N39P61 -0.0000
E1_40 N1P41 N1P40 N40P1 N40P61 0.0000
E1_41 N1P42 N1P41 N41P1 N41P61 -0.0001
E1_42 N1P43 N1P42 N42P1 N42P61 0.0011
E1 43 N1P44 N1P43 N43P1 N43P61 0.0013
E1_44 N1P45 N1P44 N44P1 N44P61 -0.0001
E1_45 N1P46 N1P45 N45P1 N45P61 0.0000
E1 46 N1P47 N1P46 N46P1 N46P61 -0.0000
E1_47 N1P48 N1P47 N47P1 N47P61 0.0003
E1 48 N1P49 N1P48 N48P1 N48P61 -0.0041
E1_49 N1P50 N1P49 N49P1 N49P61 -0.0032
E1_50 N1P51 N1P50 N50P1 N50P61 0.0002
E1_51 N1P52 N1P51 N51P1 N51P61 -0.0000
E1_52 N1P53 N1P52 N52P1 N52P61 -0.0000
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E1_53 N1P54 N1P53 N53P1 N53P61 -0.0001
E1_54 N1P55 N1P54 N54P1 N54P61 0.0014
E1_55 N1P56 N1P55 N55P1 N55P61 0.0029
E1_56 N1P57 N1P56 N56P1 N56P61 0.0007
E1_57 N1P58 N1P57 N57P1 N57P61 0.0003
E1_58 N1P59 N1P58 N58P1 N58P61 -0.0000
E1_59 N1P60 N1P59 N59P1 N59P61 -0.0003
E1_60 N1P61 N1P60 N60P1 N60P61 -0.0038

R1 N1P61 N2P1 R=1 LAPLACE=+1/{K1}/(-

S*S/4/3.1472)"0.25
.param K1=4.9841e-05
Cttl_2 N1P1 N2P1 16.72p

L2 N2P1 N2P2 0.1660u

E2_1 N2P3 N2P2 N1P1 N1P61 -0.3008

E2_3 N2P4 N2P3 N3P1 N3P61 -0.3127

E2_4 N2P5 N2P4 N4P1 N4P61 -0.0130

E2_5 N2P6 N2P5 N5P1 N5P61 -0.0124

E2_6 N2P7 N2P6 N6P1 N6P61 -0.0093

E2_7 N2P8 N2P7 N7P1 N7P61 -0.0005

E2_8 N2P9 N2P8 N8P1 N8P61 0.0006

E2_9 N2P10 N2P9 N9P1 N9P61 0.0059
E2_10 N2P11 N2P10 N10P1 N10P61 -0.0494
E2_11 N2P12 N2P11 N11P1 N11P61 -0.2364
E2_12 N2P13 N2P12 N12P1 N12P61 -0.0491
E2_13 N2P14 N2P13 N13P1 N13P61 0.0018
E2_14 N2P15 N2P14 N14P1 N14P61 0.0109
E2_15N2P16 N2P15 N15P1 N15P61 0.0037
E2_16 N2P17 N2P16 N16P1 N16P61 0.0007
E2_17 N2P18 N2P17 N17P1 N17P61 -0.0001
E2_18 N2P19 N2P18 N18P1 N18P61 -0.0003
E2_19 N2P20 N2P19 N19P1 N19P61 -0.0000
E2_20 N2P21 N2P20 N20P1 N20P61 -0.0000
E2_21 N2P22 N2P21 N21P1 N21P61 -0.0001
E2_22 N2P23 N2P22 N22P1 N22P61 -0.0003
E2_23 N2P24 N2P23 N23P1 N23P61 -0.0005
E2_24 N2P25 N2P24 N24P1 N24P61 -0.0016
E2_25 N2P26 N2P25 N25P1 N25P61 -0.0010
E2_26 N2P27 N2P26 N26P1 N26P61 0.0001
E2_27 N2P28 N2P27 N27P1 N27P61 0.0000
E2_28 N2P29 N2P28 N28P1 N28P61 0.0000
E2_29 N2P30 N2P29 N29P1 N29P61 -0.0000
E2_30 N2P31 N2P30 N30P1 N30P61 0.0002
E2_31 N2P32 N2P31 N31P1 N31P61 0.0003
E2_32 N2P33 N2P32 N32P1 N32P61 -0.0000
E2_33 N2P34 N2P33 N33P1 N33P61 0.0000
E2_34 N2P35 N2P34 N34P1 N34P61 -0.0000
E2_35 N2P36 N2P35 N35P1 N35P61 0.0000
E2_36 N2P37 N2P36 N36P1 N36P61 -0.0008
E2_37 N2P38 N2P37 N37P1 N37P61 -0.0006
E2_38 N2P39 N2P38 N38P1 N38P61 0.0000
E2_39 N2P40 N2P39 N39P1 N39P61 -0.0000
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E2_40 N2P41 N2P40 N40P1 N40P61 0.0000
E2_41 N2P42 N2P41 N41P1 N41P61 -0.0000
E2_42 N2P43 N2P42 N42P1 N42P61 0.0004
E2_43 N2P44 N2P43 N43P1 N43P61 0.0004
E2_44 N2P45 N2P44 N44P1 N44P61 -0.0000
E2_45 N2P46 N2P45 N45P1 N45P61 0.0000
E2_46 N2P47 N2P46 N46P1 N46P61 -0.0000
E2_47 N2P48 N2P47 N47P1 N47P61 0.0000
E2_48 N2P49 N2P48 N48P1 N48P61 -0.0005
E2_49 N2P50 N2P49 N49P1 N49P61 -0.0004
E2_50 N2P51 N2P50 N50P1 N50P61 0.0000
E2_51 N2P52 N2P51 N51P1 N51P61 -0.0000
E2_52 N2P53 N2P52 N52P1 N52P61 -0.0000
E2_53 N2P54 N2P53 N53P1 N53P61 -0.0001
E2_54 N2P55 N2P54 N54P1 N54P61 0.0005
E2_55 N2P56 N2P55 N55P1 N55P61 0.0012
E2_56 N2P57 N2P56 N56P1 N56P61 0.0004
E2_57 N2P58 N2P57 N57P1 N57P61 0.0003
E2_58 N2P59 N2P58 N58P1 N58P61 0.0002
E2_59 N2P60 N2P59 N59P1 N59P61 0.0001
E2_60 N2P61 N2P60 N60P1 N60P61 -0.0003

R2 N2P61 N3P1 R=1 LAPLACE=+1/{K2}/(-

S*S/4/3.1472)"0.25
.param K2=4.6709e-05
Ctt2_3 N2P1 N3P1 15.64p

L3 N3P1 N3P2 0.1548u

E3_1 N3P3 N3P2 N1P1 N1P61 -0.0183

E3_2 N3P4 N3P3 N2P1 N2P61 -0.2916

E3_4 N3P5 N3P4 N4P1 N4P61 -0.3130

E3_5 N3P6 N3P5 N5P1 N5P61 -0.0129

E3_6 N3P7 N3P6 N6P1 N6P61 -0.0160

E3_7 N3P8 N3P7 N7P1 N7P61 -0.0011

E3_8 N3P9 N3P8 N8P1 N8P61 0.0060

E3_9 N3P10 N3P9 N9P1 N9P61 -0.0495
E3_10 N3P11 N3P10 N10P1 N10P61 -0.2365
E3_11 N3P12 N3P11 N11P1 N11P61 -0.0458
E3_12 N3P13 N3P12 N12P1 N12P61 0.0018
E3_13 N3P14 N3P13 N13P1 N13P61 -0.0012
E3_14 N3P15 N3P14 N14P1 N14P61 0.0036
E3_15 N3P16 N3P15 N15P1 N15P61 0.0108
E3_16 N3P17 N3P16 N16P1 N16P61 0.0037
E3_17 N3P18 N3P17 N17P1 N17P61 0.0007
E3_18 N3P19 N3P18 N18P1 N18P61 -0.0008
E3_19 N3P20 N3P19 N19P1 N19P61 -0.0002
E3_20 N3P21 N3P20 N20P1 N20P61 -0.0000
E3_21 N3P22 N3P21 N21P1 N21P61 -0.0003
E3_22 N3P23 N3P22 N22P1 N22P61 -0.0006
E3_23 N3P24 N3P23 N23P1 N23P61 -0.0002
E3_24 N3P25 N3P24 N24P1 N24P61 -0.0012
E3_25 N3P26 N3P25 N25P1 N25P61 -0.0008
E3_26 N3P27 N3P26 N26P1 N26P61 0.0001
E3_27 N3P28 N3P27 N27P1 N27P61 0.0000
E3_28 N3P29 N3P28 N28P1 N28P61 0.0000
E3_29 N3P30 N3P29 N29P1 N29P61 0.0000
E3_30 N3P31 N3P30 N30P1 N30P61 0.0000
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E3_31 N3P32 N3P31 N31P1 N31P61 0.0002
E3_32 N3P33 N3P32 N32P1 N32P61 -0.0000
E3_33 N3P34 N3P33 N33P1 N33P61 -0.0000
E3_34 N3P35 N3P34 N34P1 N34P61 -0.0000
E3_35 N3P36 N3P35 N35P1 N35P61 0.0000
E3_36 N3P37 N3P36 N36P1 N36P61 -0.0006
E3_37 N3P38 N3P37 N37P1 N37P61 -0.0004
E3_38 N3P39 N3P38 N38P1 N38P61 0.0000
E3_39 N3P40 N3P39 N39P1 N39P61 -0.0000
E3_40 N3P41 N3P40 N40P1 N40P61 0.0000
E3_41 N3P42 N3P41 N41P1 N41P61 -0.0000
E3_42 N3P43 N3P42 N42P1 N42P61 0.0003
E3_43 N3P44 N3P43 N43P1 N43P61 0.0004
E3_44 N3P45 N3P44 N44P1 N44P61 -0.0000
E3_45 N3P46 N3P45 N45P1 N45P61 0.0000
E3_46 N3P47 N3P46 N46P1 N46P61 -0.0000
E3_47 N3P48 N3P47 N47P1 N47P61 0.0000
E3_48 N3P49 N3P48 N48P1 N48P61 -0.0003
E3_49 N3P50 N3P49 N49P1 N49P61 -0.0002
E3_50 N3P51 N3P50 N50P1 N50P61 0.0000
E3_51 N3P52 N3P51 N51P1 N51P61 -0.0000
E3_52 N3P53 N3P52 N52P1 N52P61 -0.0000
E3_53 N3P54 N3P53 N53P1 N53P61 -0.0001
E3_54 N3P55 N3P54 N54P1 N54P61 0.0005
E3_55 N3P56 N3P55 N55P1 N55P61 0.0012
E3_56 N3P57 N3P56 N56P1 N56P61 0.0004
E3_57 N3P58 N3P57 N57P1 N57P61 0.0003
E3_58 N3P59 N3P58 N58P1 N58P61 0.0002
E3_59 N3P60 N3P59 N59P1 N59P61 0.0002
E3_60 N3P61 N3P60 N60P1 N60P61 -0.0000

R3 N3P61 N4P1 R=1 LAPLACE=+1/{K3}/(-

S*S/4/3.1472)"0.25
.param K3=4.3576e-05
Ctt3_4 N3P1 N4P1 14.55p

L4 N4P1 N4P2 0.1436u

E4_1 N4P3 N4P2 N1P1 N1P61 -0.0138

E4_2 N4P4 N4P3 N2P1 N2P61 -0.0113

E4_3 N4P5 N4P4 N3P1 N3P61 -0.2904

E4_5 N4P6 N4P5 N5P1 N5P61 -0.3139

E4_6 N4P7 N4P6 N6P1 N6P61 -0.0195

E4_7 N4P8 N4P7 N7P1 N7P61 0.0030

E4_8 N4P9 N4P8 N8P1 N8P61 -0.0494

E4_9 N4P10 N4P9 N9P1 N9P61 -0.2365
E4_10 N4P11 N4P10 N10P1 N10P61 -0.0459
E4_11 N4P12 N4P11 N11P1 N11P61 0.0052
E4_12 N4P13 N4P12 N12P1 N12P61 -0.0014
E4_13 N4P14 N4P13 N13P1 N13P61 -0.0011
E4_14 N4P15 N4P14 N14P1 N14P61 0.0007
E4_15 N4P16 N4P15 N15P1 N15P61 0.0035
E4_16 N4P17 N4P16 N16P1 N16P61 0.0108
E4_17 N4P18 N4P17 N17P1 N17P61 0.0038
E4_18 N4P19 N4P18 N18P1 N18P61 -0.0006
E4_19 N4P20 N4P19 N19P1 N19P61 -0.0006
E4_20 N4P21 N4P20 N20P1 N20P61 -0.0002
E4_21 N4P22 N4P21 N21P1 N21P61 -0.0006
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E4_22 N4P23 N4P22 N22P1 N22P61 -0.0002
E4_23 N4P24 N4P23 N23P1 N23P61 -0.0000
E4_24 N4P25 N4P24 N24P1 N24P61 -0.0007
E4_25 N4P26 N4P25 N25P1 N25P61 -0.0005
E4_26 N4P27 N4P26 N26P1 N26P61 0.0000
E4_27 N4P28 N4P27 N27P1 N27P61 0.0000
E4_28 N4P29 N4P28 N28P1 N28P61 0.0000
E4_29 N4P30 N4P29 N29P1 N29P61 0.0000
E4_30 N4P31 N4P30 N30P1 N30P61 -0.0002
E4_31 N4P32 N4P31 N31P1 N31P61 0.0000
E4_32 N4P33 N4P32 N32P1 N32P61 -0.0000
E4_33 N4P34 N4P33 N33P1 N33P61 -0.0000
E4_34 N4P35 N4P34 N34P1 N34P61 -0.0000
E4_35 N4P36 N4P35 N35P1 N35P61 0.0000
E4_36 N4P37 N4P36 N36P1 N36P61 -0.0003
E4_37 N4P38 N4P37 N37P1 N37P61 -0.0002
E4_38 N4P39 N4P38 N38P1 N38P61 0.0000
E4_39 N4P40 N4P39 N39P1 N39P61 -0.0000
E4_40 N4P41 N4P40 N40P1 N40P61 0.0000
E4_41 N4P42 N4P41 N41P1 N41P61 -0.0000
E4_42 N4P43 N4P42 N42P1 N42P61 0.0002
E4_43 N4P44 N4P43 N43P1 N43P61 0.0003
E4_44 NAP45 N4P44 N44P1 N44P61 -0.0000
E4_45 N4P46 N4P45 N45P1 N45P61 0.0000
E4_46 N4P47 N4P46 N46P1 N46P61 0.0000
E4_47 N4AP48 N4P47 N47P1 N47P61 0.0000
E4_48 N4P49 N4P48 N48P1 N48P61 -0.0001
E4_49 N4P50 N4P49 N49P1 N49P61 -0.0001
E4_50 N4P51 N4P50 N50P1 N50P61 -0.0000
E4_51 N4P52 N4P51 N51P1 N51P61 -0.0000
E4_52 N4P53 N4P52 N52P1 N52P61 -0.0000
E4_53 N4P54 N4P53 N53P1 N53P61 -0.0001
E4_54 N4P55 N4P54 N54P1 N54P61 0.0004
E4_55 N4P56 N4P55 N55P1 N55P61 0.0012
E4_56 N4P57 N4P56 N56P1 N56P61 0.0004
E4_57 N4P58 N4P57 N57P1 N57P61 0.0003
E4_58 N4P59 N4P58 N58P1 N58P61 0.0003
E4_59 N4P60 N4P59 N59P1 N59P61 0.0002
E4_60 N4P61 N4P60 N60P1 N60P61 0.0002

R4 N4P61 N5P1 R=1 LAPLACE=+1/{KA4}/(-

S*S/4/3.1472)"0.25
.param K4=4.0443e-05
Ctt4 5 N4P1 N5P1 13.47p

LS N5P1 N5P2 0.1325u

E5_1 N5P3 N5P2 N1P1 N1P61 -0.0075
E5_2 N5P4 N5P3 N2P1 N2P61 -0.0099
E5_3 N5P5 N5P4 N3P1 N3P61 -0.0111
E5_4 N5P6 N5P5 N4P1 N4P61 -0.2896
E5_6 N5P7 N5P6 N6P1 N6P61 -0.3222
E5_7 N5P8 N5P7 N7P1 N7P61 -0.0519
E5_8 N5P9 N5P8 N8P1 N8P61 -0.2364
E5_9 N5P10 N5P9 N9P1 N9P61 -0.0458
E5_10 N5P11 N5P10 N10P1 N10P61 0.0051
E5_11 N5P12 N5P11 N11P1 N11P61 0.0005
E5_12 N5P13 N5P12 N12P1 N12P61 -0.0008

E5_13 N5P14 N5P13 N13P1 N13P61 -0.0007
E5_14 N5P15 N5P14 N14P1 N14P61 -0.0001
E5_15 N5P16 N5P15 N15P1 N15P61 0.0006
E5_16 N5P17 N5P16 N16P1 N16P61 0.0035
E5_17 N5P18 N5P17 N17P1 N17P61 0.0108
E5_18 N5P19 N5P18 N18P1 N18P61 0.0030
E5_19 N5P20 N5P19 N19P1 N19P61 -0.0008
E5_20 N5P21 N5P20 N20P1 N20P61 -0.0006
E5_21 N5P22 N5P21 N21P1 N21P61 -0.0002
E5_22 N5P23 N5P22 N22P1 N22P61 -0.0000
E5_23 N5P24 N5P23 N23P1 N23P61 0.0000
E5_24 N5P25 N5P24 N24P1 N24P61 -0.0004
E5_25 N5P26 N5P25 N25P1 N25P61 -0.0003
E5_26 N5P27 N5P26 N26P1 N26P61 0.0000
E5_27 N5P28 N5P27 N27P1 N27P61 0.0000
E5_28 N5P29 N5P28 N28P1 N28P61 0.0000
E5_29 N5P30 N5P29 N29P1 N29P61 0.0000
E5_30 N5P31 N5P30 N30P1 N30P61 -0.0002
E5_31 N5P32 N5P31 N31P1 N31P61 -0.0000
E5_32 N5P33 N5P32 N32P1 N32P61 0.0000
E5_33 N5P34 N5P33 N33P1 N33P61 -0.0000
E5_34 N5P35 N5P34 N34P1 N34P61 -0.0000
E5_35 N5P36 N5P35 N35P1 N35P61 0.0000
E5_36 N5P37 N5P36 N36P1 N36P61 -0.0002
E5_37 N5P38 N5P37 N37P1 N37P61 -0.0001
E5_38 N5P39 N5P38 N38P1 N38P61 0.0000
E5_39 N5P40 N5P39 N39P1 N39P61 -0.0000
E5_40 N5P41 N5P40 N40P1 N40P61 0.0000
E5_41 N5P42 N5P41 N41P1 N41P61 -0.0000
E5_42 N5P43 N5P42 N42P1 N42P61 0.0001
E5_43 N5P44 N5P43 N43P1 N43P61 0.0003
E5_44 N5P45 N5P44 N44P1 N44P61 -0.0000
E5_45 N5P46 N5P45 N45P1 N45P61 0.0000
E5_46 NS5P47 N5P46 N46P1 N46P61 0.0000
E5_47 N5P48 N5P47 N47P1 N47P61 0.0000
E5_48 N5P49 N5P48 N48P1 N48P61 -0.0000
E5_49 N5P50 N5P49 N49P1 N49P61 0.0000
E5_50 N5P51 N5P50 N50P1 N50P61 -0.0000
E5_51 N5P52 N5P51 N51P1 N51P61 -0.0000
E5_52 N5P53 N5P52 N52P1 N52P61 -0.0000
E5_53 N5P54 N5P53 N53P1 N53P61 -0.0001
E5_54 N5P55 N5P54 N54P1 N54P61 0.0004
E5_55 N5P56 N5P55 N55P1 N55P61 0.0012
E5_56 N5P57 N5P56 N56P1 N56P61 0.0005
E5_57 N5P58 N5P57 N57P1 N57P61 0.0004
E5_58 N5P59 N5P58 N58P1 N58P61 0.0003
E5_59 N5P60 N5P59 N59P1 N59P61 0.0003
E5_60 N5P61 N5P60 N60P1 N60P61 0.0004

R5 N5P61 N6P1 R=1 LAPLACE=+1/{K5}/(-

S*S/4/3.1472)"0.25
.param K5=3.7311e-05
Ctt5_6 N5P1 N6P1 12.38p

L6 N6P1 N6P2 0.1417u
E6_1 N6P3 N6P2 N1P1 N1P61 -0.0070
E6_2 N6P4 N6P3 N2P1 N2P61 -0.0079
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E6_3 N6P5 N6P4 N3P1 N3P61 -0.0147

E6_4 N6P6 N6P5 N4P1 N4P61 -0.0192

E6_5 N6P7 N6P6 N5P1 N5P61 -0.3447

E6_7 N6P8 N6P7 N7P1 N7P61 -0.3588

E6_8 N6P9 N6P8 N8P1 N8P61 -0.0477

E6_9 N6P10 N6P9 N9P1 N9P61 0.0060

E6_10 N6P11 N6P10 N10P1 N10P61 0.0007
E6_11 N6P12 N6P11 N11P1 N11P61 0.0006
E6_12 N6P13 N6P12 N12P1 N12P61 -0.0006
E6_13 N6P14 N6P13 N13P1 N13P61 -0.0004
E6_14 N6P15 N6P14 N14P1 N14P61 -0.0000
E6_15 N6P16 N6P15 N15P1 N15P61 -0.0001
E6_16 N6P17 N6P16 N16P1 N16P61 0.0005
E6_17 N6P18 N6P17 N17P1 N17P61 0.0062
E6_18 N6P19 N6P18 N18P1 N18P61 -0.0194
E6_19 N6P20 N6P19 N19P1 N19P61 -0.0148
E6_20 N6P21 N6P20 N20P1 N20P61 0.0007
E6_21 N6P22 N6P21 N21P1 N21P61 -0.0001
E6_22 N6P23 N6P22 N22P1 N22P61 -0.0000
E6_23 N6P24 N6P23 N23P1 N23P61 0.0000
E6_24 N6P25 N6P24 N24P1 N24P61 -0.0001
E6_25 N6P26 N6P25 N25P1 N25P61 0.0000
E6_26 N6P27 N6P26 N26P1 N26P61 -0.0000
E6_27 N6P28 N6P27 N27P1 N27P61 0.0000
E6_28 N6P29 N6P28 N28P1 N28P61 -0.0000
E6_29 N6P30 N6P29 N29P1 N29P61 0.0005
E6_30 N6P31 N6P30 N30P1 N30P61 -0.0073
E6_31 N6P32 N6P31 N31P1 N31P61 -0.0040
E6_32 N6P33 N6P32 N32P1 N32P61 0.0002
E6_33 N6P34 N6P33 N33P1 N33P61 -0.0000
E6_34 N6P35 N6P34 N34P1 N34P61 0.0000
E6_35 N6P36 N6P35 N35P1 N35P61 -0.0000
E6_36 N6P37 N6P36 N36P1 N36P61 0.0002
E6_37 N6P38 N6P37 N37P1 N37P61 0.0003
E6_38 N6P39 N6P38 N38P1 N38P61 -0.0000
E6_39 N6P40 N6P39 N39P1 N39P61 0.0000
E6_40 N6P41 N6P40 N40P1 N40P61 -0.0000
E6_41 N6P42 N6P41 N41P1 N41P61 0.0001
E6_42 N6P43 N6P42 N42P1 N42P61 -0.0020
E6_43 N6P44 N6P43 N43P1 N43P61 -0.0007
E6_44 N6P45 N6P44 N44P1 N44P61 0.0001
E6_45 N6P46 N6P45 N45P1 N45P61 0.0000
E6_46 N6P47 N6P46 N46P1 N46P61 0.0000
E6_47 N6P48 N6P47 N47P1 N47P61 -0.0000
E6_48 N6P49 N6P48 N48P1 N48P61 0.0004
E6_49 N6P50 N6P49 N49P1 N49P61 0.0006
E6_50 N6P51 N6P50 N50P1 N50P61 -0.0001
E6_51 N6P52 N6P51 N51P1 N51P61 -0.0001
E6_52 N6P53 N6P52 N52P1 N52P61 -0.0001
E6_53 N6P54 N6P53 N53P1 N53P61 -0.0001
E6_54 N6P55 N6P54 N54P1 N54P61 0.0001
E6_55 N6P56 N6P55 N55P1 N55P61 0.0027
E6_56 N6P57 N6P56 N56P1 N56P61 0.0013
E6_57 N6P58 N6P57 N57P1 N57P61 0.0012
E6_58 N6P59 N6P58 N58P1 N58P61 0.0011
E6_59 N6P60 N6P59 N59P1 N59P61 0.0010
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E6_60 N6P61 N6P60 N60P1 N60P61 0.0020

R6 N6P61 N7P1 R=1 LAPLACE=+1/{K6}/(-

S$*S/4/3.1472)"0.25
.param K6=3.4178e-05

L7 N7P1 N7P2 0.1213u

E7_1 N7P3 N7P2 N1P1 N1P61 -0.0001

E7_2 N7P4 N7P3 N2P1 N2P61 -0.0004

E7_3 N7P5 N7P4 N3P1 N3P61 -0.0008

E7_4 N7P6 N7P5 N4P1 N4P61 0.0025

E7_5 N7P7 N7P6 N5P1 N5P61 -0.0475

E7_6 N7P8 N7P7 N6P1 N6P61 -0.3070

E7_8 N7P9 N7P8 N8P1 N8P61 -0.2261

E7_9 N7P10 N7P9 N9P1 N9P61 0.0100
E7_10 N7P11 N7P10 N10P1 N10P61 -0.0005
E7_11 N7P12 N7P11 N11P1 N11P61 0.0000
E7_12 N7P13 N7P12 N12P1 N12P61 0.0001
E7_13 N7P14 N7P13 N13P1 N13P61 0.0001
E7_14 N7P15 N7P14 N14P1 N14P61 0.0000
E7_15N7P16 N7P15 N15P1 N15P61 -0.0002
E7_16 N7P17 N7P16 N16P1 N16P61 0.0033
E7_17 N7P18 N7P17 N17P1 N17P61 -0.0456
E7_18 N7P19 N7P18 N18P1 N18P61 -0.3003
E7_19 N7P20 N7P19 N19P1 N19P61 -0.0108
E7_20 N7P21 N7P20 N20P1 N20P61 0.0052
E7_21 N7P22 N7P21 N21P1 N21P61 0.0006
E7_22 N7P23 N7P22 N22P1 N22P61 -0.0000
E7_23 N7P24 N7P23 N23P1 N23P61 -0.0000
E7_24 N7P25 N7P24 N24P1 N24P61 0.0002
E7_25N7P26 N7P25 N25P1 N25P61 0.0002
E7_26 N7P27 N7P26 N26P1 N26P61 -0.0000
E7_27 N7P28 N7P27 N27P1 N27P61 -0.0000
E7_28 N7P29 N7P28 N28P1 N28P61 -0.0001
E7_29 N7P30 N7P29 N29P1 N29P61 0.0004
E7_30 N7P31 N7P30 N30P1 N30P61 -0.0099
E7_31 N7P32 N7P31 N31P1 N31P61 -0.0048
E7_32 N7P33 N7P32 N32P1 N32P61 0.0003
E7_33 N7P34 N7P33 N33P1 N33P61 -0.0000
E7_34 N7P35 N7P34 N34P1 N34P61 0.0000
E7_35N7P36 N7P35 N35P1 N35P61 -0.0000
E7_36 N7P37 N7P36 N36P1 N36P61 0.0002
E7_37 N7P38 N7P37 N37P1 N37P61 0.0002
E7_38 N7P39 N7P38 N38P1 N38P61 -0.0000
E7_39 N7P40 N7P39 N39P1 N39P61 0.0000
E7_40 N7P41 N7P40 N40P1 N40P61 -0.0000
E7_41 N7P42 N7P41 N41P1 N41P61 0.0002
E7_42 N7P43 N7P42 N42P1 N42P61 -0.0027
E7_43 N7P44 N7P43 N43P1 N43P61 -0.0015
E7_44 N7P45 N7P44 N44P1 N44P61 0.0001
E7_45 N7P46 N7P45 N45P1 N45P61 -0.0000
E7_46 N7P47 N7P46 N46P1 N46P61 0.0000
E7_47 N7P48 N7P47 N47P1 N47P61 -0.0000
E7_48 N7P49 N7P48 N48P1 N48P61 0.0002
E7_49 N7P50 N7P49 N49P1 N49P61 0.0003
E7_50 N7P51 N7P50 N50P1 N50P61 -0.0000
E7_51 N7P52 N7P51 N51P1 N51P61 -0.0000
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E7_52 N7P53 N7P52 N52P1 N52P61 -0.0000
E7_53 N7P54 N7P53 N53P1 N53P61 0.0000
E7_54 N7P55 N7P54 N54P1 N54P61 -0.0008
E7_55 N7P56 N7P55 N55P1 N55P61 0.0001
E7_56 N7P57 N7P56 N56P1 N56P61 0.0004
E7_57 N7P58 N7P57 N57P1 N57P61 0.0004
E7_58 N7P59 N7P58 N58P1 N58P61 0.0004
E7_59 N7P60 N7P59 N59P1 N59P61 0.0004
E7_60 N7P61 N7P60 N60P1 N60P61 0.0008

R7 N7P61 N8P1 R=1 LAPLACE=+1/{K7}/(-

S*S/4/3.1472)"0.25
.param K7=3.4178e-05
Ctt7_8 N7P1 N8P1 12.38p

L8 N8P1 N8P2 0.1207u

E8_1 N8P3 N8P2 N1P1 N1P61 0.0005

E8_2 N8P4 N8P3 N2P1 N2P61 0.0004

E8_3 N8P5 N8P4 N3P1 N3P61 0.0047

E8_4 N8P6 N8P5 N4P1 N4P61 -0.0416

E8_5 N8P7 N8P6 N5P1 N5P61 -0.2154

E8_6 N8P8 N8P7 N6P1 N6P61 -0.0406

E8_7 N8P9 N8P8 N7P1 N7P61 -0.2251

E8_9 N8P10 N8P9 N9P1 N9P61 -0.2117
E8_10 N8P11 N8P10 N10P1 N10P61 0.0092
E8_11 N8P12 N8P11 N11P1 N11P61 -0.0006
E8_12 N8P13 N8P12 N12P1 N12P61 0.0001
E8_13 N8P14 N8P13 N13P1 N13P61 0.0000
E8_14 N8P15 N8P14 N14P1 N14P61 -0.0002
E8_15 N8P16 N8P15 N15P1 N15P61 0.0032
E8_16 N8P17 N8P16 N16P1 N16P61 -0.0448
E8_17 N8P18 N8P17 N17P1 N17P61 -0.2204
E8_18 N8P19 N8P18 N18P1 N18P61 -0.0453
E8_19 N8P20 N8P19 N19P1 N19P61 0.0052
E8_20 N8P21 N8P20 N20P1 N20P61 0.0100
E8_21 N8P22 N8P21 N21P1 N21P61 0.0034
E8_22 N8P23 N8P22 N22P1 N22P61 0.0006
E8_23 N8P24 N8P23 N23P1 N23P61 -0.0000
E8_24 N8P25 N8P24 N24P1 N24P61 0.0000
E8_25 N8P26 N8P25 N25P1 N25P61 0.0000
E8_26 N8P27 N8P26 N26P1 N26P61 -0.0000
E8_27 N8P28 N8P27 N27P1 N27P61 -0.0000
E8_28 N8P29 N8P28 N28P1 N28P61 -0.0002
E8_29 N8P30 N8P29 N29P1 N29P61 -0.0006
E8_30 N8P31 N8P30 N30P1 N30P61 0.0004
E8_31 N8P32 N8P31 N31P1 N31P61 0.0003
E8_32 N8P33 N8P32 N32P1 N32P61 0.0000
E8_33 N8P34 N8P33 N33P1 N33P61 0.0000
E8_34 N8P35 N8P34 N34P1 N34P61 0.0000
E8_35 N8P36 N8P35 N35P1 N35P61 0.0000
E8_36 N8P37 N8P36 N36P1 N36P61 -0.0000
E8_37 N8P38 N8P37 N37P1 N37P61 -0.0000
E8_38 N8P39 N8P38 N38P1 N38P61 0.0000
E8_39 N8P40 N8P39 N39P1 N39P61 -0.0000
E8_40 N8P41 N8P40 N40P1 N40P61 -0.0000
E8_41 N8P42 N8P41 N41P1 N41P61 -0.0000
E8_42 N8P43 N8P42 N42P1 N42P61 0.0002
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E8_43 N8P44 N8P43 N43P1 N43P61 0.0001
E8_44 N8P45 N8P44 N44P1 N44P61 -0.0000
E8_45 N8P46 N8P45 N45P1 N45P61 0.0000
E8_46 N8P47 N8P46 N46P1 N46P61 -0.0000
E8_47 N8P48 N8P47 N47P1 N47P61 0.0000
E8_48 N8P49 N8P48 N48P1 N48P61 -0.0000
E8_49 N8P50 N8P49 N49P1 N49P61 -0.0000
E8_50 N8P51 N8P50 N50P1 N50P61 0.0000
E8_51 N8P52 N8P51 N51P1 N51P61 0.0000
E8_52 N8P53 N8P52 N52P1 N52P61 0.0000
E8_53 N8P54 N8P53 N53P1 N53P61 0.0000
E8_54 N8P55 N8P54 N54P1 N54P61 0.0000
E8_55 N8P56 N8P55 N55P1 N55P61 -0.0001
E8_56 N8P57 N8P56 N56P1 N56P61 -0.0000
E8_57 N8P58 N8P57 N57P1 N57P61 -0.0000
E8_58 N8P59 N8P58 N58P1 N58P61 -0.0000
E8_59 N8P60 N8P59 N59P1 N59P61 -0.0000
E8_60 N8P61 N8P60 N60P1 N60P61 -0.0001

R8 N8P61 N9P1 R=1 LAPLACE=+1/{K8}/(-

S*S/4/3.1472)"0.25
.param K8=3.7311e-05
Ctt8_9 N8P1 N9P1 13.47p

L9 N9P1 N9P2 0.1308u

E9_1 N9P3 N9P2 N1P1 N1P61 0.0006

E9_2 N9P4 N9P3 N2P1 N2P61 0.0047

E9_3 N9P5 N9P4 N3P1 N3P61 -0.0418

E9_4 N9P6 N9P5 N4P1 N4P61 -0.2155

E9_5 N9P7 N9P6 N5P1 N5P61 -0.0452

E9_6 N9P8 N9P7 N6P1 N6P61 0.0056

E9_7 N9P9 N9P8 N7P1 N7P61 0.0107

E9_8 N9P10 N9P9 N8P1 N8P61 -0.2294
E9_10 N9P11 N9P10 N10P1 N10P61 -0.2122
E9_11 N9P12 N9P11 N11P1 N11P61 0.0093
E9_12 N9P13 N9P12 N12P1 N12P61 -0.0004
E9_13 N9P14 N9P13 N13P1 N13P61 -0.0001
E9_14 N9P15 N9P14 N14P1 N14P61 0.0032
E9_15 N9P16 N9P15 N15P1 N15P61 -0.0449
E9_16 N9P17 N9P16 N16P1 N16P61 -0.2201
E9_17 N9P18 N9P17 N17P1 N17P61 -0.0485
E9_18 N9P19 N9P18 N18P1 N18P61 0.0037
E9_19 N9P20 N9P19 N19P1 N19P61 0.0007
E9_20 N9P21 N9P20 N20P1 N20P61 0.0036
E9_21 N9P22 N9P21 N21P1 N21P61 0.0101
E9_22 N9P23 N9P22 N22P1 N22P61 0.0034
E9_23 N9P24 N9P23 N23P1 N23P61 0.0006
E9_24 N9P25 N9P24 N24P1 N24P61 -0.0000
E9_25 N9P26 N9P25 N25P1 N25P61 0.0000
E9_26 N9P27 N9P26 N26P1 N26P61 -0.0001
E9_27 N9P28 N9P27 N27P1 N27P61 -0.0002
E9_28 N9P29 N9P28 N28P1 N28P61 -0.0006
E9_29 N9P30 N9P29 N29P1 N29P61 -0.0002
E9_30 N9P31 N9P30 N30P1 N30P61 -0.0001
E9_31 N9P32 N9P31 N31P1 N31P61 -0.0000
E9_32 N9P33 N9P32 N32P1 N32P61 0.0000
E9_33 N9P34 N9P33 N33P1 N33P61 0.0000
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E9_34 N9P35 N9P34 N34P1 N34P61 0.0000
E9_35 N9P36 N9P35 N35P1 N35P61 0.0000
E9_36 N9P37 N9P36 N36P1 N36P61 0.0000
E9_37 N9P38 N9P37 N37P1 N37P61 0.0000
E9_38 N9P39 N9P38 N38P1 N38P61 -0.0000
E9_39 N9P40 N9P39 N39P1 N39P61 -0.0000
E9_40 N9P41 N9P40 N40P1 N40P61 -0.0000
E9_41 N9P42 N9P41 N41P1 N41P61 0.0000
E9_42 N9P43 N9P42 N42P1 N42P61 -0.0000
E9_43 N9P44 N9P43 N43P1 N43P61 -0.0000
E9_44 N9P45 N9P44 N44P1 N44P61 0.0000
E9_45 N9P46 N9P45 N45P1 N45P61 -0.0000
E9_46 N9P47 N9P46 N46P1 N46P61 0.0000
E9_47 N9P48 N9P47 N47P1 N47P61 -0.0000
E9_48 N9P49 N9P48 N48P1 N48P61 0.0000
E9_49 N9P50 N9P49 N49P1 N49P61 0.0000
E9_50 N9P51 N9P50 N50P1 N50P61 0.0000
E9 51 N9P52 N9P51 N51P1 N51P61 0.0000
E9 52 N9P53 N9P52 N52P1 N52P61 0.0000
E9_53 N9P54 N9P53 N53P1 N53P61 0.0000
E9 54 N9P55 N9P54 N54P1 N54P61 -0.0000
E9_55 N9P56 N9P55 N55P1 N55P61 -0.0001
E9_56 N9P57 N9P56 N56P1 N56P61 -0.0000
E9 57 N9P58 N9P57 N57P1 N57P61 -0.0000
E9_58 N9P59 N9P58 N58P1 N58P61 -0.0000
E9_59 N9P60 N9P59 N59P1 N59P61 -0.0000
E9_60 N9P61 N9P60 N60P1 N60P61 -0.0000
R9 N9P61 N10P1 R=1 LAPLACE=+1/{K9}/(-
S*S/4/3.1472)"0.25

.param K9=4.0443e-05

Ctt9 10 N9P1 N10P1 14.55p

L10 N10P1 N10P2 0.1410u

E10_1 N10P3 N10P2 N1P1 N1P61 0.0049
E10_2 N10P4 N10P3 N2P1 N2P61 -0.0419
E10_3 N10P5 N10P4 N3P1 N3P61 -0.2155
E10_4 N10P6 N10P5 N4P1 N4P61 -0.0451
E10_5 N10P7 N10P6 N5P1 N5P61 0.0054
E10_6 N10P8 N10P7 N6P1 N6P61 0.0007
E10_7 N10P9 N10P8 N7P1 N7P61 -0.0006
E10_8 N10P10 N10P9 N8P1 N8P61 0.0108
E10_9 N10P11 N10P10 N9P1 N9P61 -0.2287
E10_11 N10P12 N10P11 N11P1 N11P61-0.2128
E10_12 N10P13 N10P12 N12P1 N12P61 0.0093
E10_13 N10P14 N10P13 N13P1 N13P61 0.0032
E10_14 N10P15 N10P14 N14P1 N14P61 -0.0450
E10_15N10P16 N10P15 N15P1 N15P61 -0.2201
E10_16 N10P17 N10P16 N16P1 N16P61 -0.0484
E10_17 N10P18 N10P17 N17P1 N17P61 0.0038
E10_18 N10P19 N10P18 N18P1 N18P61 -0.0002
E10_19 N10P20 N10P19 N19P1 N19P61 -0.0000
E10_20 N10P21 N10P20 N20P1 N20P61 0.0007
E10_21 N10P22 N10P21 N21P1 N21P61 0.0036
E10_22 N10P23 N10P22 N22P1 N22P61 0.0101
E10_23 N10P24 N10P23 N23P1 N23P61 0.0034
E10_24 N10P25 N10P24 N24P1 N24P61 0.0006
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E10_25 N10P26 N10P25 N25P1 N25P61 -0.0001
E10_26 N10P27 N10P26 N26P1 N26P61 -0.0002
E10_27 N10P28 N10P27 N27P1 N27P61 -0.0006
E10_28 N10P29 N10P28 N28P1 N28P61 -0.0003
E10_29 N10P30 N10P29 N29P1 N29P61 -0.0001
E10_30 N10P31 N10P30 N30P1 N30P61 -0.0000
E10_31 N10P32 N10P31 N31P1 N31P61 -0.0000
E10_32 N10P33 N10P32 N32P1 N32P61 0.0000
E10_33 N10P34 N10P33 N33P1 N33P61 0.0000
E10_34 N10P35 N10P34 N34P1 N34P61 0.0000
E10_35 N10P36 N10P35 N35P1 N35P61 0.0000
E10_36 N10P37 N10P36 N36P1 N36P61 0.0000
E10_37 N10P38 N10P37 N37P1 N37P61 0.0000
E10_38 N10P39 N10P38 N38P1 N38P61 -0.0000
E10_39 N10P40 N10P39 N39P1 N39P61 -0.0000
E10_40 N10P41 N10P40 N40P1 N40P61 -0.0000
E10_41 N10P42 N10P41 N41P1 N41P61 0.0000
E10_42 N10P43 N10P42 N42P1 N42P61 -0.0000
E10_43 N10P44 N10P43 N43P1 N43P61 -0.0000
E10_44 N10P45 N10P44 N44P1 N44P61 0.0000
E10_45 N10P46 N10P45 N45P1 N45P61 -0.0000
E10_46 N10P47 N10P46 N46P1 N46P61 0.0000
E10_47 N10P48 N10P47 N47P1 N47P61 -0.0000
E10_48 N10P49 N10P48 N48P1 N48P61 0.0000
E10_49 N10P50 N10P49 N49P1 N49P61 0.0000
E10_50 N10P51 N10P50 N50P1 N50P61 0.0000
E10_51 N10P52 N10P51 N51P1 N51P61 0.0000
E10_52 N10P53 N10P52 N52P1 N52P61 0.0000
E10_53 N10P54 N10P53 N53P1 N53P61 0.0000
E10_54 N10P55 N10P54 N54P1 N54P61 -0.0000
E10_55 N10P56 N10P55 N55P1 N55P61 -0.0001
E10_56 N10P57 N10P56 N56P1 N56P61 -0.0000
E10_57 N10P58 N10P57 N57P1 N57P61 -0.0000
E10_58 N10P59 N10P58 N58P1 N58P61 -0.0000
E10_59 N10P60 N10P59 N59P1 N59P61 -0.0000
E10_60 N10P61 N10P60 N60P1 N60P61 -0.0000
R10 N10P61 N11P1 R=1
LAPLACE=+1/{K10}/(-S*S/4/3.14"2)"0.25
.param K10=4.3576e-05

Ctt10_11 N10P1 N11P1 15.64p

L11 N11P1 N11P2 0.1512u

E11_1 N11P3 N11P2 N1P1 N1P61 -0.0373
E11_2 N11P4 N11P3 N2P1 N2P61 -0.2153
E11_3 N11P5 N11P4 N3P1 N3P61 -0.0447
E11_4 N11P6 N11P5 N4P1 N4P61 0.0055
E11_5N11P7 N11P6 N5P1 N5P61 0.0006
E11_6 N11P8 N11P7 N6P1 N6P61 0.0006
E11_7 N11P9 N11P8 N7P1 N7P61 0.0001
E11_8 N11P10 N11P9 N8P1 N8P61 -0.0007
E11 9 N11P11 N11P10 N9P1 N9P61 0.0107
E11_10N11P12 N11P11 N10P1 N10P61-0.2281
E11_12 N11P13 N11P12 N12P1 N12P61 -0.2084
E11 13 N11P14 N11P13 N13P1 N13P61-0.0418
E11_14 N11P15N11P14 N14P1 N14P61 -0.2204
E11_15N11P16 N11P15 N15P1 N15P61 -0.0482
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E11_16 N11P17 N11P16 N16P1 N16P61 0.0038
E11_17 N11P18 N11P17 N17P1 N17P61 -0.0003
E11_18 N11P19 N11P18 N18P1 N18P61 0.0000
E11_19N11P20 N11P19 N19P1 N19P61 -0.0000
E11_20 N11P21 N11P20 N20P1 N20P61 -0.0001
E11_21 N11P22 N11P21 N21P1 N21P61 0.0007
E11_22 N11P23 N11P22 N22P1 N22P61 0.0036
E11_23 N11P24 N11P23 N23P1 N23P61 0.0100
E11_24 N11P25 N11P24 N24P1 N24P61 0.0050
E11_25N11P26 N11P25 N25P1 N25P61 0.0005
E11_26 N11P27 N11P26 N26P1 N26P61 -0.0006
E11_27 N11P28 N11P27 N27P1 N27P61 -0.0002
E11_28 N11P29 N11P28 N28P1 N28P61 -0.0001
E11_29 N11P30 N11P29 N29P1 N29P61 -0.0000
E11_30 N11P31 N11P30 N30P1 N30P61 -0.0000
E11_31 N11P32 N11P31 N31P1 N31P61 -0.0000
E11_32 N11P33 N11P32 N32P1 N32P61 0.0000
E11_33 N11P34 N11P33 N33P1 N33P61 0.0000
E11_34 N11P35 N11P34 N34P1 N34P61 0.0000
E11_35 N11P36 N11P35 N35P1 N35P61 0.0000
E11_36 N11P37 N11P36 N36P1 N36P61 0.0004
E11_37 N11P38 N11P37 N37P1 N37P61 0.0003
E11_38 N11P39 N11P38 N38P1 N38P61 -0.0000
E11_39 N11P40 N11P39 N39P1 N39P61 0.0000
E11_40 N11P41 N11P40 N40P1 N40P61 -0.0000
E11_41 N11P42 N11P41 N41P1 N41P61 0.0000
E11_42 N11P43 N11P42 N42P1 N42P61 -0.0000
E11_43 N11P44 N11P43 N43P1 N43P61 -0.0000
E11_44 N11P45 N11P44 N44P1 N44P61 0.0000
E11_45N11P46 N11P45 N45P1 N45P61 -0.0000
E11_46 N11P47 N11P46 N46P1 N46P61 0.0000
E11_47 N11P48 N11P47 N47P1 N47P61 -0.0000
E11_48 N11P49 N11P48 N48P1 N48P61 0.0002
E11_49 N11P50 N11P49 N49P1 N49P61 0.0001
E11_50 N11P51 N11P50 N50P1 N50P61 -0.0000
E11_51 N11P52 N11P51 N51P1 N51P61 0.0000
E11_52 N11P53 N11P52 N52P1 N52P61 0.0000
E11_53 N11P54 N11P53 N53P1 N53P61 0.0000
E11_54 N11P55 N11P54 N54P1 N54P61 -0.0001
E11_55N11P56 N11P55 N55P1 N55P61 -0.0001
E11_56 N11P57 N11P56 N56P1 N56P61 -0.0000
E11_57 N11P58 N11P57 N57P1 N57P61 -0.0000
E11_58 N11P59 N11P58 N58P1 N58P61 0.0000
E11_59 N11P60 N11P59 N59P1 N59P61 0.0000
E11_60 N11P61 N11P60 N60P1 N60P61 0.0002
R11 N11P61 N12P1 R=1
LAPLACE=+1/{K11}/(-S*S/4/3.14"2)"0.25
.param K11=4.6709e-05

Ctt11_12 N11P1 N12P1 16.72p

L12 N12P1 N12P2 0.1771u

E12_1 N12P3 N12P2 N1P1 N1P61 -0.3111
E12_2 N12P4 N12P3 N2P1 N2P61 -0.0524
E12_3 N12P5 N12P4 N3P1 N3P61 0.0021
E12_4 N12P6 N12P5 N4P1 N4P61 -0.0018
E12_5 N12P7 N12P6 N5P1 N5P61 -0.0011
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E12_6 N12P8 N12P7 N6P1 N6P61 -0.0008
E12_7 N12P9 N12P8 N7P1 N7P61 0.0002
E12_8 N12P10 N12P9 N8P1 N8P61 0.0001
E12_9 N12P11 N12P10 N9P1 N9P61 -0.0006
E12_10 N12P12 N12P11 N10P1 N10P61 0.0117
E12_11 N12P13 N12P12 N11P1 N11P61 -0.2442
E12_13 N12P14 N12P13 N13P1 N13P61 -0.3024
E12_14 N12P15 N12P14 N14P1 N14P61 -0.0492
E12 15 N12P16 N12P15 N15P1 N15P61 0.0038
E12_16 N12P17 N12P16 N16P1 N16P61 -0.0003
E12_17 N12P18 N12P17 N17P1 N17P61 0.0000
E12_18 N12P19 N12P18 N18P1 N18P61 0.0002
E12_19 N12P20 N12P19 N19P1 N19P61 0.0003
E12_20 N12P21 N12P20 N20P1 N20P61 -0.0000
E12 21 N12P22 N12P21 N21P1 N21P61 -0.0001
E12_22 N12P23 N12P22 N22P1 N22P61 0.0007
E12 23 N12P24 N12P23 N23P1 N23P61 0.0057
E12_24 N12P25 N12P24 N24P1 N24P61 -0.0124
E12_25N12P26 N12P25 N25P1 N25P61 -0.0113
E12 26 N12P27 N12P26 N26P1 N26P61 0.0005
E12_27 N12P28 N12P27 N27P1 N27P61 -0.0001
E12_28 N12P29 N12P28 N28P1 N28P61 -0.0000
E12_29 N12P30 N12P29 N29P1 N29P61 -0.0000
E12_30 N12P31 N12P30 N30P1 N30P61 0.0003
E12_31 N12P32 N12P31 N31P1 N31P61 0.0003
E12_32 N12P33 N12P32 N32P1 N32P61 -0.0000
E12_33 N12P34 N12P33 N33P1 N33P61 0.0000
E12_34 N12P35 N12P34 N34P1 N34P61 -0.0000
E12_35 N12P36 N12P35 N35P1 N35P61 0.0004
E12_36 N12P37 N12P36 N36P1 N36P61 -0.0062
E12_37 N12P38 N12P37 N37P1 N37P61 -0.0041
E12_38 N12P39 N12P38 N38P1 N38P61 0.0003
E12_39 N12P40 N12P39 N39P1 N39P61 -0.0000
E12_40 N12P41 N12P40 N40P1 N40P61 0.0000
E12_41 N12P42 N12P41 N41P1 N41P61 -0.0000
E12_42 N12P43 N12P42 N42P1 N42P61 0.0004
E12_43 N12P44 N12P43 N43P1 N43P61 0.0004
E12_44 N12P45 N12P44 N44P1 N44P61 -0.0000
E12_45 N12P46 N12P45 N45P1 N45P61 0.0000
E12_46 N12P47 N12P46 N46P1 N46P61 -0.0000
E12_47 N12P48 N12P47 N47P1 N47P61 0.0002
E12_48 N12P49 N12P48 N48P1 N48P61 -0.0029
E12_49 N12P50 N12P49 N49P1 N49P61 -0.0022
E12_50 N12P51 N12P50 N50P1 N50P61 0.0002
E12_51 N12P52 N12P51 N51P1 N51P61 0.0000
E12_52 N12P53 N12P52 N52P1 N52P61 0.0000
E12_53 N12P54 N12P53 N53P1 N53P61 -0.0000
E12_54 N12P55 N12P54 N54P1 N54P61 0.0004
E12_55 N12P56 N12P55 N55P1 N55P61 0.0007
E12_56 N12P57 N12P56 N56P1 N56P61 0.0000
E12_57 N12P58 N12P57 N57P1 N57P61 -0.0001
E12_58 N12P59 N12P58 N58P1 N58P61 -0.0003
E12_59 N12P60 N12P59 N59P1 N59P61 -0.0004
E12_60 N12P61 N12P60 N60P1 N60OP61 -0.0027
R12 N12P61 N13P1 R=1
LAPLACE=+1/{K12}/(-S*S/4/3.14"2)"0.25
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.param K12=4.9841e-05

L13 N13P1 N13P2 0.1770u

E13_1 N13P3 N13P2 N1P1 N1P61 -0.0199
E13_2 N13P4 N13P3 N2P1 N2P61 0.0020
E13_3 N13P5 N13P4 N3P1 N3P61 -0.0014
E13_4 N13P6 N13P5 N4P1 N4P61 -0.0014
E13_5 N13P7 N13P6 N5P1 N5P61 -0.0009
E13_6 N13P8 N13P7 N6P1 N6P61 -0.0005
E13_7 N13P9 N13P8 N7P1 N7P61 0.0002
E13_8 N13P10 N13P9 N8P1 N8P61 0.0001
E13_9 N13P11 N13P10 N9P1 N9P61 -0.0002
E13_10 N13P12 N13P11 N10P1 N10P61 0.0040
E13_11 N13P13 N13P12 N11P1 N11P61 -0.0490
E13_12 N13P14 N13P13 N12P1 N12P61 -0.3022
E13_14 N13P15 N13P14 N14P1 N14P61 -0.2444
E13_15 N13P16 N13P15 N15P1 N15P61 0.0115
E13_16 N13P17 N13P16 N16P1 N16P61 -0.0007
E13_17 N13P18 N13P17 N17P1 N17P61 0.0000
E13_18 N13P19 N13P18 N18P1 N18P61 0.0002
E13_19 N13P20 N13P19 N19P1 N19P61 0.0003
E13_20 N13P21 N13P20 N20P1 N20P61 0.0000
E13_21 N13P22 N13P21 N21P1 N21P61 -0.0003
E13_22 N13P23 N13P22 N22P1 N22P61 0.0039
E13_23 N13P24 N13P23 N23P1 N23P61 -0.0492
E13_24 N13P25 N13P24 N24P1 N24P61 -0.3018
E13_25N13P26 N13P25 N25P1 N25P61 -0.0121
E13_26 N13P27 N13P26 N26P1 N26P61 0.0057
E13_27 N13P28 N13P27 N27P1 N27P61 0.0007
E13_28 N13P29 N13P28 N28P1 N28P61 -0.0001
E13_29 N13P30 N13P29 N29P1 N29P61 -0.0000
E13_30 N13P31 N13P30 N30P1 N30P61 0.0003
E13_31 N13P32 N13P31 N31P1 N31P61 0.0003
E13_32 N13P33 N13P32 N32P1 N32P61 -0.0000
E13_33 N13P34 N13P33 N33P1 N33P61 -0.0000
E13_34 N13P35 N13P34 N34P1 N34P61 -0.0001
E13_35 N13P36 N13P35 N35P1 N35P61 0.0005
E13_36 N13P37 N13P36 N36P1 N36P61 -0.0111
E13_37 N13P38 N13P37 N37P1 N37P61 -0.0061
E13_38 N13P39 N13P38 N38P1 N38P61 0.0004
E13_39 N13P40 N13P39 N39P1 N39P61 -0.0000
E13_40 N13P41 N13P40 N40P1 N40P61 0.0000
E13_41 N13P42 N13P41 N41P1 N41P61 -0.0000
E13_42 N13P43 N13P42 N42P1 N42P61 0.0003
E13_43 N13P44 N13P43 N43P1 N43P61 0.0003
E13_44 N13P45 N13P44 N44P1 N44P61 -0.0000
E13_45 N13P46 N13P45 N45P1 N45P61 0.0000
E13_46 N13P47 N13P46 N46P1 N46P61 -0.0000
E13_47 N13P48 N13P47 N47P1 N47P61 0.0003
E13_48 N13P49 N13P48 N48P1 N48P61 -0.0040
E13_49 N13P50 N13P49 N49P1 N49P61 -0.0029
E13_50 N13P51 N13P50 N50P1 N50P61 0.0002
E13_51 N13P52 N13P51 N51P1 N51P61 0.0000
E13_52 N13P53 N13P52 N52P1 N52P61 0.0000
E13_53 N13P54 N13P53 N53P1 N53P61 -0.0000
E13_54 N13P55 N13P54 N54P1 N54P61 0.0003
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E13 55 N13P56 N13P55 N55P1 N55P61 0.0005
E13 56 N13P57 N13P56 N56P1 N56P61 -0.0000
E13 57 N13P58 N13P57 N57P1 N57P61 -0.0002
E13 58 N13P59 N13P58 N58P1 N58P61 -0.0004
E13 59 N13P60 N13P59 N59P1 N59P61 -0.0005
E13 60 N13P61 N13P60 N60P1 N60P61 -0.0035
R13 N13P61 N14P1 R=1
LAPLACE=+1/{K13}/(-S*S/4/3.14"2)"0.25
.param K13=4.9841e-05

Ctt13_14 N13P1 N14P1 16.72p

L14 N14P1 N14P2 0.1511u

E14 1 N14P3 N14P2 N1P1 N1P61 0.0051
E14_2 N14P4 N14P3 N2P1 N2P61 0.0099
E14_3 N14P5 N14P4 N3P1 N3P61 0.0035
E14 4 N14P6 N14P5 N4P1 N4P61 0.0007
E14_5 N14P7 N14P6 N5P1 N5P61 -0.0001
E14_6 N14P8 N14P7 N6P1 N6P61 -0.0000
E14_7 N14P9 N14P8 N7P1 N7P61 0.0000
E14_8 N14P10 N14P9 N8P1 N8P61 -0.0003
E14_9 N14P11 N14P10 N9P1 N9P61 0.0037
E14 10 N14P12 N14P11 N10P1 N10P61 -0.0482
E14 11 N14P13 N14P12 N11P1 N11P61 -0.2203
E14_12 N14P14 N14P13 N12P1 N12P61 -0.0420
E14_13 N14P15N14P14 N13P1 N13P61 -0.2086
E14_15N14P16 N14P15 N15P1 N15P61 -0.2279
E14_16 N14P17 N14P16 N16P1 N16P61 0.0109
E14 17 N14P18 N14P17 N17P1 N17P61 -0.0006
E14_18 N14P19 N14P18 N18P1 N18P61 0.0000
E14_19 N14P20 N14P19 N19P1 N19P61 0.0000
E14_20 N14P21 N14P20 N20P1 N20P61 -0.0003
E14 21 N14P22 N14P21 N21P1 N21P61 0.0037
E14_ 22 N14P23 N14P22 N22P1 N22P61 -0.0482
E14_23 N14P24 N14P23 N23P1 N23P61 -0.2203
E14_24 N14P25 N14P24 N24P1 N24P61 -0.0420
E14 25 N14P26 N14P25 N25P1 N25P61 0.0048
E14_26 N14P27 N14P26 N26P1 N26P61 0.0100
E14 27 N14P28 N14P27 N27P1 N27P61 0.0036
E14_28 N14P29 N14P28 N28P1 N28P61 0.0007
E14_29 N14P30 N14P29 N29P1 N29P61 -0.0001
E14_30 N14P31 N14P30 N30P1 N30P61 -0.0000
E14_31 N14P32 N14P31 N31P1 N31P61 -0.0000
E14_32 N14P33 N14P32 N32P1 N32P61 -0.0000
E14_33 N14P34 N14P33 N33P1 N33P61 -0.0001
E14_34 N14P35 N14P34 N34P1 N34P61 -0.0002
E14_35N14P36 N14P35 N35P1 N35P61 -0.0006
E14 36 N14P37 N14P36 N36P1 N36P61 0.0004
E14 37 N14P38 N14P37 N37P1 N37P61 0.0004
E14 38 N14P39 N14P38 N38P1 N38P61 0.0000
E14_39 N14P40 N14P39 N39P1 N39P61 0.0000
E14_40 N14P41 N14P40 N40P1 N40P61 0.0000
E14 41 N14P42 N14P41 N41P1 N41P61 0.0000
E14 42 N14P43 N14P42 N42P1 N42P61 -0.0000
E14_43 N14P44 N14P43 N43P1 N43P61 -0.0000
E14 44 N14P45 N14P44 N44P1 N44P61 0.0000
E14_45 N14P46 N14P45 N45P1 N45P61 -0.0000
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E14_46 N14P47 N14P46 N46P1 N46P61 0.0000
E14_47 N14P48 N14P47 N47P1 N47P61 -0.0000
E14_48 N14P49 N14P48 N48P1 N48P61 0.0002
E14 49 N14P50 N14P49 N49P1 N49P61 0.0002
E14 50 N14P51 N14P50 N50P1 N50P61 -0.0000
E14 51 N14P52 N14P51 N51P1 N51P61 -0.0000
E14 52 N14P53 N14P52 N52P1 N52P61 -0.0000
E14 53 N14P54 N14P53 N53P1 N53P61 0.0000
E14 54 N14P55 N14P54 N54P1 N54P61 -0.0000
E14_55N14P56 N14P55 N55P1 N55P61 -0.0000
E14 56 N14P57 N14P56 N56P1 N56P61 0.0000
E14 57 N14P58 N14P57 N57P1 N57P61 0.0000
E14 58 N14P59 N14P58 N58P1 N58P61 0.0000
E14 59 N14P60 N14P59 N59P1 N59P61 0.0000
E14 60 N14P61 N14P60 N60P1 N60P61 0.0002
R14 N14P61 N15P1 R=1
LAPLACE=+1/{K14}/(-S*S/4/3.14"2)"0.25
.param K14=4.6709e-05

Cttl4 15 N14P1 N15P1 15.64p

L15 N15P1 N15P2 0.1409u

E15_1 N15P3 N15P2 N1P1 N1P61 0.0004
E15_2 N15P4 N15P3 N2P1 N2P61 0.0032
E15_3 N15P5 N15P4 N3P1 N3P61 0.0098
E15_4 N15P6 N15P5 N4P1 N4P61 0.0034
E15_5 N15P7 N15P6 N5P1 N5P61 0.0006
E15_6 N15P8 N15P7 N6P1 N6P61 -0.0001
E15_7 N15P9 N15P8 N7P1 N7P61 -0.0003
E15_8 N15P10 N15P9 N8P1 N8P61 0.0038
E15_9 N15P11 N15P10 N9P1 N9P61 -0.0483
E15_10 N15P12 N15P11 N10P1 N10P61 -0.2200
E15_11 N15P13 N15P12 N11P1 N11P61 -0.0450
E15_12 N15P14 N15P13 N12P1 N12P61 0.0031
E15_13 N15P15 N15P14 N13P1 N13P61 0.0092
E15_14 N15P16 N15P15 N14P1 N14P61 -0.2125
E15_16 N15P17 N15P16 N16P1 N16P61 -0.2284
E15_17 N15P18 N15P17 N17P1 N17P61 0.0109
E15_18 N15P19 N15P18 N18P1 N18P61 -0.0006
E15_19 N15P20 N15P19 N19P1 N19P61 -0.0003
E15_20 N15P21 N15P20 N20P1 N20P61 0.0038
E15 21 N15P22 N15P21 N21P1 N21P61 -0.0484
E15_ 22 N15P23 N15P22 N22P1 N22P61 -0.2201
E15_23 N15P24 N15P23 N23P1 N23P61 -0.0450
E15_24 N15P25 N15P24 N24P1 N24P61 0.0031
E15_25 N15P26 N15P25 N25P1 N25P61 0.0005
E15_26 N15P27 N15P26 N26P1 N26P61 0.0034
E15_27 N15P28 N15P27 N27P1 N27P61 0.0101
E15_28 N15P29 N15P28 N28P1 N28P61 0.0036
E15_29 N15P30 N15P29 N29P1 N29P61 0.0007
E15_30 N15P31 N15P30 N30P1 N30P61 -0.0001
E15_31 N15P32 N15P31 N31P1 N31P61 -0.0000
E15_32 N15P33 N15P32 N32P1 N32P61 -0.0001
E15_33 N15P34 N15P33 N33P1 N33P61 -0.0003
E15_34 N15P35 N15P34 N34P1 N34P61 -0.0006
E15_35N15P36 N15P35 N35P1 N35P61 -0.0002
E15_36 N15P37 N15P36 N36P1 N36P61 -0.0001
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E15 37 N15P38 N15P37 N37P1 N37P61 -0.0000
E15 38 N15P39 N15P38 N38P1 N38P61 0.0000
E15 39 N15P40 N15P39 N39P1 N39P61 0.0000
E15_40 N15P41 N15P40 N40P1 N40P61 0.0000
E15_41 N15P42 N15P41 N41P1 N41P61 0.0000
E15_42 N15P43 N15P42 N42P1 N42P61 0.0000
E15_43 N15P44 N15P43 N43P1 N43P61 0.0000
E15_44 N15P45 N15P44 N44P1 N44P61 -0.0000
E15_45 N15P46 N15P45 N45P1 N45P61 -0.0000
E15 46 N15P47 N15P46 N46P1 N46P61 -0.0000
E15_47 N15P48 N15P47 N47P1 N47P61 0.0000
E15 48 N15P49 N15P48 N48P1 N48P61 -0.0000
E15 49 N15P50 N15P49 N49P1 N49P61 -0.0000
E15 50 N15P51 N15P50 N50P1 N50P61 0.0000
E15 51 N15P52 N15P51 N51P1 N51P61 0.0000
E15_52 N15P53 N15P52 N52P1 N52P61 0.0000
E15 53 N15P54 N15P53 N53P1 N53P61 -0.0000
E15_54 N15P55 N15P54 N54P1 N54P61 0.0000
E15 55 N15P56 N15P55 N55P1 N55P61 0.0000
E15 56 N15P57 N15P56 N56P1 N56P61 0.0000
E15_57 N15P58 N15P57 N57P1 N57P61 0.0000
E15 58 N15P59 N15P58 N58P1 N58P61 -0.0000
E15 59 N15P60 N15P59 N59P1 N59P61 -0.0000
E15 60 N15P61 N15P60 N60P1 N60P61 -0.0000
R15 N15P61 N16P1 R=1
LAPLACE=+1/{K15}/(-S*S/4/3.14"2)"0.25
.param K15=4.3576e-05

Ctt15 16 N15P1 N16P1 14.55p

L16 N16P1 N16P2 0.1308u

E16_1 N16P3 N16P2 N1P1 N1P61 -0.0001
E16_2 N16P4 N16P3 N2P1 N2P61 0.0005
E16_3 N16P5 N16P4 N3P1 N3P61 0.0032
E16_4 N16P6 N16P5 N4P1 N4P61 0.0098
E16_5 N16P7 N16P6 N5P1 N5P61 0.0034
E16_6 N16P8 N16P7 N6P1 N6P61 0.0005
E16_7 N16P9 N16P8 N7P1 N7P61 0.0036
E16_8 N16P10 N16P9 N8P1 N8P61 -0.0485
E16_9 N16P11 N16P10 N9P1 N9P61 -0.2200
E16_10 N16P12 N16P11 N10P1 N10P61 -0.0449
E16_11 N16P13 N16P12 N11P1 N11P61 0.0032
E16_12 N16P14 N16P13 N12P1 N12P61 -0.0002
E16_13 N16P15 N16P14 N13P1 N13P61 -0.0005
E16_14 N16P16 N16P15 N14P1 N14P61 0.0094
E16_15N16P17 N16P16 N15P1 N15P61 -0.2120
E16_17 N16P18 N16P17 N17P1 N17P61 -0.2291
E16_18 N16P19 N16P18 N18P1 N18P61 0.0107
E16_19 N16P20 N16P19 N19P1 N19P61 0.0036
E16_20 N16P21 N16P20 N20P1 N20P61 -0.0485
E16_21 N16P22 N16P21 N21P1 N21P61 -0.2201
E16_22 N16P23 N16P22 N22P1 N22P61 -0.0449
E16_23 N16P24 N16P23 N23P1 N23P61 0.0032
E16_24 N16P25 N16P24 N24P1 N24P61 -0.0002
E16_25N16P26 N16P25 N25P1 N25P61 -0.0000
E16_26 N16P27 N16P26 N26P1 N26P61 0.0006
E16_27 N16P28 N16P27 N27P1 N27P61 0.0034
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E16_28 N16P29 N16P28 N28P1 N28P61 0.0101
E16_29 N16P30 N16P29 N29P1 N29P61 0.0036
E16_30 N16P31 N16P30 N30P1 N30P61 0.0006
E16_31 N16P32 N16P31 N31P1 N31P61 -0.0001
E16_32 N16P33 N16P32 N32P1 N32P61 -0.0002
E16_33 N16P34 N16P33 N33P1 N33P61 -0.0006
E16_34 N16P35 N16P34 N34P1 N34P61 -0.0002
E16_35N16P36 N16P35 N35P1 N35P61 -0.0001
E16_36 N16P37 N16P36 N36P1 N36P61 -0.0000
E16_37 N16P38 N16P37 N37P1 N37P61 0.0000
E16_38 N16P39 N16P38 N38P1 N38P61 0.0000
E16_39 N16P40 N16P39 N39P1 N39P61 0.0000
E16_40 N16P41 N16P40 N40P1 N40P61 0.0000
E16_41 N16P42 N16P41 N41P1 N41P61 0.0000
E16_42 N16P43 N16P42 N42P1 N42P61 -0.0000
E16_43 N16P44 N16P43 N43P1 N43P61 -0.0000
E16_44 N16P45 N16P44 N44P1 N44P61 -0.0000
E16_45 N16P46 N16P45 N45P1 N45P61 -0.0000
E16_46 N16P47 N16P46 N46P1 N46P61 -0.0000
E16_47 N16P48 N16P47 N47P1 N47P61 -0.0000
E16_48 N16P49 N16P48 N48P1 N48P61 0.0000
E16_49 N16P50 N16P49 N49P1 N49P61 0.0000
E16_50 N16P51 N16P50 N50P1 N50P61 -0.0000
E16_51 N16P52 N16P51 N51P1 N51P61 -0.0000
E16_52 N16P53 N16P52 N52P1 N52P61 -0.0000
E16_53 N16P54 N16P53 N53P1 N53P61 0.0000
E16_54 N16P55 N16P54 N54P1 N54P61 -0.0000
E16_55 N16P56 N16P55 N55P1 N55P61 0.0000
E16_56 N16P57 N16P56 N56P1 N56P61 0.0000
E16_57 N16P58 N16P57 N57P1 N57P61 0.0000
E16_58 N16P59 N16P58 N58P1 N58P61 0.0000
E16_59 N16P60 N16P59 N59P1 N59P61 0.0000
E16_60 N16P61 N16P60 N60P1 N60P61 0.0000
R16 N16P61 N17P1 R=1
LAPLACE=+1/{K16}/(-S*S/4/3.14"2)"0.25
param K16=4.0443e-05

Ctt16_17 N16P1 N17P1 13.47p

L17 N17P1 N17P2 0.1207u

E17_1 N17P3 N17P2 N1P1 N1P61 -0.0000
E17_2 N17P4 N17P3 N2P1 N2P61 -0.0001
E17_3 N17P5 N17P4 N3P1 N3P61 0.0006
E17_4 N17P6 N17P5 N4P1 N4P61 0.0032
E17_5N17P7 N17P6 N5P1 N5P61 0.0099
E17_6 N17P8 N17P7 N6P1 N6P61 0.0053
E17_7 N17P9 N17P8 N7P1 N7P61 -0.0454
E17_8 N17P10 N17P9 N8P1 N8P61 -0.2203
E17_9 N17P11 N17P10 N9P1 N9P61 -0.0447
E17_10 N17P12 N17P11 N10P1 N10P61 0.0032
E17_11 N17P13 N17P12 N11P1 N11P61 -0.0002
E17_12 N17P14 N17P13 N12P1 N12P61 0.0000
E17_13 N17P15 N17P14 N13P1 N13P61 0.0000
E17_14 N17P16 N17P15 N14P1 N14P61 -0.0005
E17_15N17P17 N17P16 N15P1 N15P61 0.0093
E17_16 N17P18 N17P17 N16P1 N16P61 -0.2114
E17_18 N17P19 N17P18 N18P1 N18P61 -0.2252

141

E17_19 N17P20 N17P19 N19P1 N19P61 -0.0454
E17_20 N17P21 N17P20 N20P1 N20P61 -0.2203
E17_21 N17P22 N17P21 N21P1 N21P61 -0.0448
E17_22 N17P23 N17P22 N22P1 N22P61 0.0032
E17 23 N17P24 N17P23 N23P1 N23P61 -0.0002
E17_24 N17P25 N17P24 N24P1 N24P61 0.0000
E17 25 N17P26 N17P25 N25P1 N25P61 -0.0000
E17 26 N17P27 N17P26 N26P1 N26P61 -0.0000
E17_27 N17P28 N17P27 N27P1 N27P61 0.0006
E17_28 N17P29 N17P28 N28P1 N28P61 0.0034
E17_29 N17P30 N17P29 N29P1 N29P61 0.0100
E17_30 N17P31 N17P30 N30P1 N30P61 0.0051
E17_31 N17P32 N17P31 N31P1 N31P61 0.0004
E17_32 N17P33 N17P32 N32P1 N32P61 -0.0006
E17_33 N17P34 N17P33 N33P1 N33P61 -0.0002
E17 34 N17P35 N17P34 N34P1 N34P61 -0.0001
E17 _35N17P36 N17P35 N35P1 N35P61 -0.0000
E17 36 N17P37 N17P36 N36P1 N36P61 -0.0000
E17 37 N17P38 N17P37 N37P1 N37P61 -0.0000
E17 38 N17P39 N17P38 N38P1 N38P61 0.0000
E17_39 N17P40 N17P39 N39P1 N39P61 0.0000
E17_40 N17P41 N17P40 N40P1 N40P61 0.0000
E17_41 N17P42 N17P41 N41P1 N41P61 0.0000
E17_42 N17P43 N17P42 N42P1 N42P61 0.0003
E17_43 N17P44 N17P43 N43P1 N43P61 0.0002
E17_44 N17P45 N17P44 N44P1 N44P61 -0.0000
E17_45N17P46 N17P45 N45P1 N45P61 -0.0000
E17_46 N17P47 N17P46 N46P1 N46P61 -0.0000
E17_47 N17P48 N17P47 N47P1 N47P61 0.0000
E17_48 N17P49 N17P48 N48P1 N48P61 -0.0000
E17_49 N17P50 N17P49 N49P1 N49P61 -0.0000
E17_50 N17P51 N17P50 N50P1 N50P61 0.0000
E17_51 N17P52 N17P51 N51P1 N51P61 0.0000
E17_52 N17P53 N17P52 N52P1 N52P61 0.0000
E17_53 N17P54 N17P53 N53P1 N53P61 -0.0000
E17_54 N17P55 N17P54 N54P1 N54P61 0.0001
E17_55 N17P56 N17P55 N55P1 N55P61 0.0000
E17_56 N17P57 N17P56 N56P1 N56P61 -0.0000
E17 57 N17P58 N17P57 N57P1 N57P61 -0.0000
E17 58 N17P59 N17P58 N58P1 N58P61 -0.0000
E17 59 N17P60 N17P59 N59P1 N59P61 -0.0000
E17 60 N17P61 N17P60 N60P1 N60P61 -0.0000
R17 N17P61 N18P1 R=1
LAPLACE=+1/{K17}/(-S*S/4/3.14"2)"0.25
Jparam K17=3.7311e-05

Cttl7_18 N17P1 N18P1 12.38p

L18 N18P1 N18P2 0.1212u

E18_1 N18P3 N18P2 N1P1 N1P61 0.0001
E18_2 N18P4 N18P3 N2P1 N2P61 -0.0003
E18_3 N18P5 N18P4 N3P1 N3P61 -0.0006
E18_4 N18P6 N18P5 N4P1 N4P61 -0.0005
E18_5 N18P7 N18P6 N5P1 N5P61 0.0027
E18_6 N18P8 N18P7 N6P1 N6P61 -0.0166
E18_7 N18P9 N18P8 N7P1 N7P61 -0.3002
E18_8 N18P10 N18P9 N8P1 N8P61 -0.0454
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E18_9 N18P11 N18P10 N9P1 N9P61 0.0034
E18_10N18P12 N18P11 N10P1 N10P61 -0.0002
E18_11 N18P13 N18P12 N11P1 N11P61 0.0000
E18 12 N18P14 N18P13 N12P1 N12P61 0.0002
E18 13 N18P15 N18P14 N13P1 N13P61 0.0002
E18 14 N18P16 N18P15 N14P1 N14P61 0.0000
E18 15N18P17 N18P16 N15P1 N15P61 -0.0005
E18 16 N18P18 N18P17 N16P1 N16P61 0.0099
E18 17 N18P19 N18P18 N17P1 N17P61 -0.2262
E18_19 N18P20 N18P19 N19P1 N19P61 -0.2999
E18_20 N18P21 N18P20 N20P1 N20P61 -0.0456
E18_21 N18P22 N18P21 N21P1 N21P61 0.0033
E18_22 N18P23 N18P22 N22P1 N22P61 -0.0002
E18_23 N18P24 N18P23 N23P1 N23P61 0.0000
E18_24 N18P25 N18P24 N24P1 N24P61 0.0002
E18 25 N18P26 N18P25 N25P1 N25P61 0.0002
E18 26 N18P27 N18P26 N26P1 N26P61 -0.0000
E18 27 N18P28 N18P27 N27P1 N27P61 -0.0000
E18 28 N18P29 N18P28 N28P1 N28P61 0.0006
E18 29 N18P30 N18P29 N29P1 N29P61 0.0052
E18 30 N18P31 N18P30 N30P1 N30P61 -0.0107
E18_31 N18P32 N18P31 N31P1 N31P61 -0.0098
E18_32 N18P33 N18P32 N32P1 N32P61 0.0004
E18_33 N18P34 N18P33 N33P1 N33P61 -0.0001
E18_34 N18P35 N18P34 N34P1 N34P61 -0.0000
E18_35N18P36 N18P35 N35P1 N35P61 -0.0000
E18 36 N18P37 N18P36 N36P1 N36P61 0.0002
E18 37 N18P38 N18P37 N37P1 N37P61 0.0002
E18_38 N18P39 N18P38 N38P1 N38P61 -0.0000
E18_39 N18P40 N18P39 N39P1 N39P61 0.0000
E18 40 N18P41 N18P40 N40P1 N40P61 -0.0000
E18 41 N18P42 N18P41 N41P1 N41P61 0.0003
E18_42 N18P43 N18P42 N42P1 N42P61 -0.0047
E18_43 N18P44 N18P43 N43P1 N43P61 -0.0027
E18_44 N18P45 N18P44 N44P1 N44P61 0.0002
E18_45N18P46 N18P45 N45P1 N45P61 -0.0000
E18_46 N18P47 N18P46 N46P1 N46P61 0.0000
E18_47 N18P48 N18P47 N47P1 N47P61 -0.0000
E18 48 N18P49 N18P48 N48P1 N48P61 0.0002
E18 49 N18P50 N18P49 N49P1 N49P61 0.0003
E18_50 N18P51 N18P50 N50P1 N50P61 -0.0000
E18 51 N18P52 N18P51 N51P1 N51P61 -0.0000
E18 52 N18P53 N18P52 N52P1 N52P61 -0.0000
E18_53 N18P54 N18P53 N53P1 N53P61 0.0001
E18_54 N18P55 N18P54 N54P1 N54P61 -0.0015
E18_55N18P56 N18P55 N55P1 N55P61 -0.0006
E18_56 N18P57 N18P56 N56P1 N56P61 0.0003
E18_57 N18P58 N18P57 N57P1 N57P61 0.0003
E18_58 N18P59 N18P58 N58P1 N58P61 0.0003
E18_59 N18P60 N18P59 N59P1 N59P61 0.0003
E18 60 N18P61 N18P60 N60P1 N60P61 0.0007
R18 N18P61 N19P1 R=1
LAPLACE=+1/{K18}/(-S*S/4/3.14"2)"0.25
.param K18=3.4178e-05

L19 N19P1 N19P2 0.1212u
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E19_1 N19P3 N19P2 N1P1 N1P61 0.0003
E19 2 N19P4 N19P3 N2P1 N2P61 -0.0000
E19 3 N19P5 N19P4 N3P1 N3P61 -0.0002
E19_4 N19P6 N19P5 N4P1 N4P61 -0.0005
E19_5 N19P7 N19P6 N5P1 N5P61 -0.0008
E19_6 N19P8 N19P7 N6P1 N6P61 -0.0126
E19_7 N19P9 N19P8 N7P1 N7P61 -0.0108
E19_8 N19P10 N19P9 N8P1 N8P61 0.0053
E19_9 N19P11 N19P10 N9P1 N9P61 0.0006
E19 10 N19P12 N19P11 N10P1 N10P61 -0.0000
E19 11 N19P13 N19P12 N11P1 N11P61 -0.0000
E19 12 N19P14 N19P13 N12P1 N12P61 0.0002
E19 13 N19P15 N19P14 N13P1 N13P61 0.0002
E19 14 N19P16 N19P15 N14P1 N14P61 0.0000
E19 15N19P17 N19P16 N15P1 N15P61 -0.0002
E19_16 N19P18 N19P17 N16P1 N16P61 0.0033
E19_17 N19P19 N19P18 N17P1 N17P61 -0.0456
E19_18 N19P20 N19P19 N18P1 N18P61 -0.2998
E19_20 N19P21 N19P20 N20P1 N20P61 -0.2261
E19_21 N19P22 N19P21 N21P1 N21P61 0.0099
E19_22 N19P23 N19P22 N22P1 N22P61 -0.0005
E19 23 N19P24 N19P23 N23P1 N23P61 0.0000
E19 24 N19P25 N19P24 N24P1 N24P61 0.0002
E19 25 N19P26 N19P25 N25P1 N25P61 0.0002
E19 26 N19P27 N19P26 N26P1 N26P61 0.0000
E19 27 N19P28 N19P27 N27P1 N27P61 -0.0002
E19_28 N19P29 N19P28 N28P1 N28P61 0.0033
E19_29 N19P30 N19P29 N29P1 N29P61 -0.0456
E19_30 N19P31 N19P30 N30P1 N30P61 -0.2997
E19_31 N19P32 N19P31 N31P1 N31P61 -0.0107
E19_32 N19P33 N19P32 N32P1 N32P61 0.0052
E19_33 N19P34 N19P33 N33P1 N33P61 0.0006
E19 34 N19P35 N19P34 N34P1 N34P61 -0.0000
E19 35 N19P36 N19P35 N35P1 N35P61 -0.0000
E19 36 N19P37 N19P36 N36P1 N36P61 0.0002
E19 37 N19P38 N19P37 N37P1 N37P61 0.0002
E19 38 N19P39 N19P38 N38P1 N38P61 -0.0000
E19 39 N19P40 N19P39 N39P1 N39P61 -0.0000
E19_40 N19P41 N19P40 N40P1 N40P61 -0.0001
E19_41 N19P42 N19P41 N41P1 N41P61 0.0004
E19_42 N19P43 N19P42 N42P1 N42P61 -0.0098
E19_43 N19P44 N19P43 N43P1 N43P61 -0.0047
E19_44 N19P45 N19P44 N44P1 N44P61 0.0003
E19 45 N19P46 N19P45 N45P1 N45P61 -0.0000
E19 46 N19P47 N19P46 N46P1 N46P61 0.0000
E19 47 N19P48 N19P47 N47P1 N47P61 -0.0000
E19 48 N19P49 N19P48 N48P1 N48P61 0.0002
E19 49 N19P50 N19P49 N49P1 N49P61 0.0002
E19 50 N19P51 N19P50 N50P1 N50P61 -0.0000
E19_51 N19P52 N19P51 N51P1 N51P61 -0.0000
E19_52 N19P53 N19P52 N52P1 N52P61 -0.0000
E19_53 N19P54 N19P53 N53P1 N53P61 0.0002
E19_54 N19P55 N19P54 N54P1 N54P61 -0.0027
E19_55N19P56 N19P55 N55P1 N55P61 -0.0017
E19_56 N19P57 N19P56 N56P1 N56P61 0.0001
E19 57 N19P58 N19P57 N57P1 N57P61 0.0002
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E19_58 N19P59 N19P58 N58P1 N58P61 0.0002
E19_59 N19P60 N19P59 N59P1 N59P61 0.0003
E19_60 N19P61 N19P60 N60P1 N60P61 0.0007
R19 N19P61 N20P1 R=1
LAPLACE=+1/{K19}/(-S*S/4/3.14"2)"0.25
.param K19=3.4178e-05

Ctt19 20 N19P1 N20P1 12.38p

L20 N20P1 N20P2 0.1207u

E20_1 N20P3 N20P2 N1P1 N1P61 -0.0000
E20_2 N20P4 N20P3 N2P1 N2P61 -0.0000
E20_3 N20P5 N20P4 N3P1 N3P61 -0.0000
E20_4 N20P6 N20P5 N4P1 N4P61 -0.0002
E20_5 N20P7 N20P6 N5P1 N5P61 -0.0005
E20_6 N20P8 N20P7 N6P1 N6P61 0.0006
E20_7 N20P9 N20P8 N7P1 N7P61 0.0052
E20_8 N20P10 N20P9 N8P1 N8P61 0.0100
E20_9 N20P11 N20P10 N9P1 N9P61 0.0034
E20_10 N20P12 N20P11 N10P1 N10P61 0.0006
E20_11 N20P13 N20P12 N11P1 N11P61 -0.0000
E20_12 N20P14 N20P13 N12P1 N12P61 -0.0000
E20_13 N20P15 N20P14 N13P1 N13P61 0.0000
E20_14 N20P16 N20P15 N14P1 N14P61 -0.0002
E20_15 N20P17 N20P16 N15P1 N15P61 0.0032
E20_16 N20P18 N20P17 N16P1 N16P61 -0.0448
E20_17 N20P19 N20P18 N17P1 N17P61 -0.2203
E20_18 N20P20 N20P19 N18P1 N18P61 -0.0454
E20_19 N20P21 N20P20 N19P1 N19P61 -0.2252
E20_21 N20P22 N20P21 N21P1 N21P61 -0.2114
E20_22 N20P23 N20P22 N22P1 N22P61 0.0093
E20_23 N20P24 N20P23 N23P1 N23P61 -0.0005
E20_24 N20P25 N20P24 N24P1 N24P61 0.0000
E20_25 N20P26 N20P25 N25P1 N25P61 0.0000
E20_26 N20P27 N20P26 N26P1 N26P61 -0.0002
E20_27 N20P28 N20P27 N27P1 N27P61 0.0032
E20_28 N20P29 N20P28 N28P1 N28P61 -0.0448
E20_29 N20P30 N20P29 N29P1 N29P61 -0.2203
E20_30 N20P31 N20P30 N30P1 N30P61 -0.0454
E20_31 N20P32 N20P31 N31P1 N31P61 0.0051
E20_32 N20P33 N20P32 N32P1 N32P61 0.0100
E20_33 N20P34 N20P33 N33P1 N33P61 0.0034
E20_34 N20P35 N20P34 N34P1 N34P61 0.0006
E20_35 N20P36 N20P35 N35P1 N35P61 -0.0000
E20_36 N20P37 N20P36 N36P1 N36P61 -0.0000
E20_37 N20P38 N20P37 N37P1 N37P61 -0.0000
E20_38 N20P39 N20P38 N38P1 N38P61 -0.0000
E20_39 N20P40 N20P39 N39P1 N39P61 -0.0001
E20_40 N20P41 N20P40 N40P1 N40P61 -0.0002
E20_41 N20P42 N20P41 N41P1 N41P61 -0.0006
E20_42 N20P43 N20P42 N42P1 N42P61 0.0004
E20_43 N20P44 N20P43 N43P1 N43P61 0.0003
E20_44 N20P45 N20P44 N44P1 N44P61 0.0000
E20_45 N20P46 N20P45 N45P1 N45P61 0.0000
E20_46 N20P47 N20P46 N46P1 N46P61 0.0000
E20_47 N20P48 N20P47 N47P1 N47P61 0.0000
E20_48 N20P49 N20P48 N48P1 N48P61 -0.0000
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E20_49 N20P50 N20P49 N49P1 N49P61 -0.0000
E20_50 N20P51 N20P50 N50P1 N50P61 0.0000
E20_51 N20P52 N20P51 N51P1 N51P61 0.0000
E20_52 N20P53 N20P52 N52P1 N52P61 0.0000
E20_53 N20P54 N20P53 N53P1 N53P61 -0.0000
E20_54 N20P55 N20P54 N54P1 N54P61 0.0002
E20_55 N20P56 N20P55 N55P1 N55P61 0.0001
E20_56 N20P57 N20P56 N56P1 N56P61 -0.0000
E20_57 N20P58 N20P57 N57P1 N57P61 -0.0000
E20_58 N20P59 N20P58 N58P1 N58P61 -0.0000
E20_59 N20P60 N20P59 N59P1 N59P61 -0.0000
E20_60 N20P61 N20P60 N60P1 N60P61 -0.0000
R20 N20P61 N21P1 R=1
LAPLACE=+1/{K20}/(-S*S/4/3.14"2)"0.25
Jparam K20=3.7311e-05

Ctt20_21 N20P1 N21P1 13.47p

L21 N21P1 N21P2 0.1308u

E21_1 N21P3 N21P2 N1P1 N1P61 -0.0000
E21_2 N21P4 N21P3 N2P1 N2P61 -0.0000
E21_3 N21P5 N21P4 N3P1 N3P61 -0.0002
E21_4 N21P6 N21P5 N4P1 N4P61 -0.0006
E21_5 N21P7 N21P6 N5P1 N5P61 -0.0002
E21_6 N21P8 N21P7 N6P1 N6P61 -0.0001
E21_7 N21P9 N21P8 N7P1 N7P61 0.0006
E21_8 N21P10 N21P9 N8P1 N8P61 0.0036
E21_9 N21P11 N21P10 N9P1 N9P61 0.0101
E21_10 N21P12 N21P11 N10P1 N10P61 0.0034
E21_11 N21P13 N21P12 N11P1 N11P61 0.0006
E21_12 N21P14 N21P13 N12P1 N12P61 -0.0000
E21_13 N21P15N21P14 N13P1 N13P61 -0.0002
E21_14 N21P16 N21P15 N14P1 N14P61 0.0032
E21_15N21P17 N21P16 N15P1 N15P61 -0.0449
E21_16 N21P18 N21P17 N16P1 N16P61 -0.2201
E21_17 N21P19 N21P18 N17P1 N17P61 -0.0485
E21_18 N21P20 N21P19 N18P1 N18P61 0.0036
E21_19 N21P21 N21P20 N19P1 N19P61 0.0107
E21_20 N21P22 N21P21 N20P1 N20P61 -0.2291
E21_22 N21P23 N21P22 N22P1 N22P61 -0.2120
E21_23 N21P24 N21P23 N23P1 N23P61 0.0094
E21_24 N21P25 N21P24 N24P1 N24P61 -0.0005
E21_25N21P26 N21P25 N25P1 N25P61 -0.0002
E21_26 N21P27 N21P26 N26P1 N26P61 0.0032
E21_27 N21P28 N21P27 N27P1 N27P61 -0.0449
E21_28 N21P29 N21P28 N28P1 N28P61 -0.2201
E21_29 N21P30 N21P29 N29P1 N29P61 -0.0485
E21_30 N21P31 N21P30 N30P1 N30P61 0.0036
E21_31 N21P32 N21P31 N31P1 N31P61 0.0006
E21_32 N21P33 N21P32 N32P1 N32P61 0.0036
E21_33 N21P34 N21P33 N33P1 N33P61 0.0101
E21_34 N21P35 N21P34 N34P1 N34P61 0.0034
E21_35 N21P36 N21P35 N35P1 N35P61 0.0006
E21_36 N21P37 N21P36 N36P1 N36P61 -0.0000
E21_37 N21P38 N21P37 N37P1 N37P61 -0.0000
E21_38 N21P39 N21P38 N38P1 N38P61 -0.0001
E21_39 N21P40 N21P39 N39P1 N39P61 -0.0002
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E21_40 N21P41 N21P40 N40P1 N40P61 -0.0006
E21_41 N21P42 N21P41 N41P1 N41P61 -0.0002
E21_42 N21P43 N21P42 N42P1 N42P61 -0.0001
E21 43 N21P44 N21P43 N43P1 N43P61 -0.0000
E21 44 N21P45 N21P44 N44P1 N44P61 0.0000
E21 45 N21P46 N21P45 N45P1 N45P61 0.0000
E21 46 N21P47 N21P46 N46P1 N46P61 0.0000
E21 47 N21P48 N21P47 N47P1 N47P61 0.0000
E21 48 N21P49 N21P48 N48P1 N48P61 0.0000
E21_49 N21P50 N21P49 N49P1 N49P61 0.0000
E21_50 N21P51 N21P50 N50P1 N50P61 -0.0000
E21_51 N21P52 N21P51 N51P1 N51P61 -0.0000
E21_52 N21P53 N21P52 N52P1 N52P61 -0.0000
E21_53 N21P54 N21P53 N53P1 N53P61 -0.0000
E21_54 N21P55 N21P54 N54P1 N54P61 -0.0000
E21 55 N21P56 N21P55 N55P1 N55P61 -0.0000
E21 56 N21P57 N21P56 N56P1 N56P61 0.0000
E21 57 N21P58 N21P57 N57P1 N57P61 0.0000
E21 58 N21P59 N21P58 N58P1 N58P61 0.0000
E21 59 N21P60 N21P59 N59P1 N59P61 0.0000
E21 60 N21P61 N21P60 N60P1 N60P61 0.0000
R21 N21P61 N22P1 R=1
LAPLACE=+1/{K21}/(-S*S/4/3.14"2)"0.25
param K21=4.0443e-05

Ctt21_22 N21P1 N22P1 14.55p

L22 N22P1 N22P2 0.1409u

E22_1 N22P3 N22P2 N1P1 N1P61 -0.0001
E22_2 N22P4 N22P3 N2P1 N2P61 -0.0002
E22_3 N22P5 N22P4 N3P1 N3P61 -0.0006
E22_4 N22P6 N22P5 N4P1 N4P61 -0.0002
E22_5 N22P7 N22P6 N5P1 N5P61 -0.0001
E22_6 N22P8 N22P7 N6P1 N6P61 -0.0000
E22_7 N22P9 N22P8 N7P1 N7P61 -0.0001
E22_8 N22P10 N22P9 N8P1 N8P61 0.0007
E22_9 N22P11 N22P10 N9P1 N9P61 0.0036
E22_10 N22P12 N22P11 N10P1 N10P61 0.0101
E22_11 N22P13 N22P12 N11P1 N11P61 0.0034
E22_12 N22P14 N22P13 N12P1 N12P61 0.0006
E22_13 N22P15 N22P14 N13P1 N13P61 0.0031
E22_14 N22P16 N22P15 N14P1 N14P61 -0.0450
E22_15N22P17 N22P16 N15P1 N15P61 -0.2201
E22_16 N22P18 N22P17 N16P1 N16P61 -0.0484
E22_17 N22P19 N22P18 N17P1 N17P61 0.0038
E22_18 N22P20 N22P19 N18P1 N18P61 -0.0003
E22_19 N22P21 N22P20 N19P1 N19P61 -0.0006
E22_20 N22P22 N22P21 N20P1 N20P61 0.0109
E22_21 N22P23 N22P22 N21P1 N21P61 -0.2284
E22_23 N22P24 N22P23 N23P1 N23P61 -0.2125
E22_24 N22P25 N22P24 N24P1 N24P61 0.0092
E22_25 N22P26 N22P25 N25P1 N25P61 0.0031
E22_26 N22P27 N22P26 N26P1 N26P61 -0.0450
E22_27 N22P28 N22P27 N27P1 N27P61 -0.2201
E22_28 N22P29 N22P28 N28P1 N28P61 -0.0484
E22_29 N22P30 N22P29 N29P1 N29P61 0.0038
E22_30 N22P31 N22P30 N30P1 N30P61 -0.0003

144

E22_31 N22P32 N22P31 N31P1 N31P61 -0.0001
E22_32 N22P33 N22P32 N32P1 N32P61 0.0007
E22_33 N22P34 N22P33 N33P1 N33P61 0.0036
E22 34 N22P35 N22P34 N34P1 N34P61 0.0101
E22_35 N22P36 N22P35 N35P1 N35P61 0.0034
E22_36 N22P37 N22P36 N36P1 N36P61 0.0006
E22 37 N22P38 N22P37 N37P1 N37P61 -0.0001
E22 38 N22P39 N22P38 N38P1 N38P61 -0.0002
E22 39 N22P40 N22P39 N39P1 N39P61 -0.0006
E22_40 N22P41 N22P40 N40P1 N40P61 -0.0003
E22_41 N22P42 N22P41 N41P1 N41P61 -0.0001
E22_42 N22P43 N22P42 N42P1 N42P61 -0.0000
E22_43 N22P44 N22P43 N43P1 N43P61 0.0000
E22_44 N22P45 N22P44 N44P1 N44P61 0.0000
E22_45 N22P46 N22P45 N45P1 N45P61 0.0000
E22_46 N22P47 N22P46 N46P1 N46P61 0.0000
E22_47 N22P48 N22P47 N47P1 N47P61 0.0000
E22_ 48 N22P49 N22P48 N48P1 N48P61 -0.0000
E22_49 N22P50 N22P49 N49P1 N49P61 -0.0000
E22 50 N22P51 N22P50 N50P1 N50P61 0.0000
E22 51 N22P52 N22P51 N51P1 N51P61 -0.0000
E22_52 N22P53 N22P52 N52P1 N52P61 -0.0000
E22 53 N22P54 N22P53 N53P1 N53P61 -0.0000
E22 54 N22P55 N22P54 N54P1 N54P61 0.0000
E22 55 N22P56 N22P55 N55P1 N55P61 0.0000
E22_56 N22P57 N22P56 N56P1 N56P61 -0.0000
E22 57 N22P58 N22P57 N57P1 N57P61 -0.0000
E22 58 N22P59 N22P58 N58P1 N58P61 -0.0000
E22 59 N22P60 N22P59 N59P1 N59P61 -0.0000
E22 60 N22P61 N22P60 N60P1 N60P61 -0.0000
R22 N22P61 N23P1 R=1
LAPLACE=+1/{K22}/(-S*S/4/3.14"2)"0.25
Jparam K22=4.3576e-05

Ctt22_23 N22P1 N23P1 15.64p

L23 N23P1 N23P2 0.1511u

E23_1 N23P3 N23P2 N1P1 N1P61 0.0007
E23_2 N23P4 N23P3 N2P1 N2P61 -0.0005
E23_3 N23P5 N23P4 N3P1 N3P61 -0.0002
E23_4 N23P6 N23P5 N4P1 N4P61 -0.0000
E23_5 N23P7 N23P6 N5P1 N5P61 0.0000
E23_6 N23P8 N23P7 N6P1 N6P61 0.0000
E23_7 N23P9 N23P8 N7P1 N7P61 -0.0000
E23_8 N23P10 N23P9 N8P1 N8P61 -0.0001
E23_9 N23P11 N23P10 N9P1 N9P61 0.0007
E23_10 N23P12 N23P11 N10P1 N10P61 0.0036
E23_11 N23P13 N23P12 N11P1 N11P61 0.0100
E23_12 N23P14 N23P13 N12P1 N12P61 0.0049
E23_13 N23P15 N23P14 N13P1 N13P61 -0.0420
E23_14 N23P16 N23P15 N14P1 N14P61 -0.2203
E23_15N23P17 N23P16 N15P1 N15P61 -0.0482
E23_16 N23P18 N23P17 N16P1 N16P61 0.0037
E23_17 N23P19 N23P18 N17P1 N17P61 -0.0003
E23_18 N23P20 N23P19 N18P1 N18P61 0.0000
E23_19 N23P21 N23P20 N19P1 N19P61 0.0000
E23_20 N23P22 N23P21 N20P1 N20P61 -0.0006
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E23_21 N23P23 N23P22 N21P1 N21P61 0.0109
E23_22 N23P24 N23P23 N22P1 N22P61 -0.2279
E23_24 N23P25 N23P24 N24P1 N24P61 -0.2086
E23 25 N23P26 N23P25 N25P1 N25P61 -0.0420
E23 26 N23P27 N23P26 N26P1 N26P61 -0.2203
E23 27 N23P28 N23P27 N27P1 N27P61 -0.0482
E23 28 N23P29 N23P28 N28P1 N28P61 0.0037
E23 29 N23P30 N23P29 N29P1 N29P61 -0.0003
E23_30 N23P31 N23P30 N30P1 N30P61 0.0000
E23_31 N23P32 N23P31 N31P1 N31P61 -0.0000
E23_32 N23P33 N23P32 N32P1 N32P61 -0.0001
E23_33 N23P34 N23P33 N33P1 N33P61 0.0007
E23_34 N23P35 N23P34 N34P1 N34P61 0.0036
E23_35 N23P36 N23P35 N35P1 N35P61 0.0100
E23_36 N23P37 N23P36 N36P1 N36P61 0.0048
E23 37 N23P38 N23P37 N37P1 N37P61 0.0004
E23_38 N23P39 N23P38 N38P1 N38P61 -0.0006
E23 39 N23P40 N23P39 N39P1 N39P61 -0.0002
E23 40 N23P41 N23P40 N40P1 N40P61 -0.0001
E23 41 N23P42 N23P41 N41P1 N41P61 -0.0000
E23 42 N23P43 N23P42 N42P1 N42P61 -0.0000
E23_43 N23P44 N23P43 N43P1 N43P61 -0.0000
E23_44 N23P45 N23P44 N44P1 N44P61 0.0000
E23_45 N23P46 N23P45 N45P1 N45P61 0.0000
E23_46 N23P47 N23P46 N46P1 N46P61 0.0000
E23_47 N23P48 N23P47 N47P1 N47P61 0.0000
E23 48 N23P49 N23P48 N48P1 N48P61 0.0004
E23 49 N23P50 N23P49 N49P1 N49P61 0.0002
E23_50 N23P51 N23P50 N50P1 N50P61 -0.0000
E23 51 N23P52 N23P51 N51P1 N51P61 -0.0000
E23 52 N23P53 N23P52 N52P1 N52P61 -0.0000
E23_53 N23P54 N23P53 N53P1 N53P61 0.0000
E23_54 N23P55 N23P54 N54P1 N54P61 -0.0000
E23_55N23P56 N23P55 N55P1 N55P61 -0.0000
E23_56 N23P57 N23P56 N56P1 N56P61 0.0000
E23_57 N23P58 N23P57 N57P1 N57P61 0.0000
E23_58 N23P59 N23P58 N58P1 N58P61 0.0000
E23_59 N23P60 N23P59 N59P1 N59P61 0.0000
E23 60 N23P61 N23P60 N60P1 N60P61 0.0002
R23 N23P61 N24P1 R=1
LAPLACE=+1/{K23}/(-S*S/4/3.14"2)"0.25
.param K23=4.6709e-05

Ctt23_24 N23P1 N24P1 16.72p

L24 N24P1 N24P2 0.1770u

E24_1 N24P3 N24P2 N1P1 N1P61 -0.0158
E24_2 N24P4 N24P3 N2P1 N2P61 -0.0017
E24_3 N24P5 N24P4 N3P1 N3P61 -0.0014
E24_4 N24P6 N24P5 N4P1 N4P61 -0.0008
E24_5 N24P7 N24P6 N5P1 N5P61 -0.0005
E24_6 N24P8 N24P7 N6P1 N6P61 -0.0002
E24_7 N24P9 N24P8 N7P1 N7P61 0.0002
E24_8 N24P10 N24P9 N8P1 N8P61 0.0000
E24_9 N24P11 N24P10 N9P1 N9P61 -0.0000
E24_10 N24P12 N24P11 N10P1 N10P61 0.0008
E24_11 N24P13 N24P12 N11P1 N11P61 0.0058

E24_12 N24P14 N24P13 N12P1 N12P61 -0.0123
E24_13 N24P15N24P14 N13P1 N13P61 -0.3017
E24_14 N24P16 N24P15 N14P1 N14P61 -0.0492
E24_15 N24P17 N24P16 N15P1 N15P61 0.0038
E24_16 N24P18 N24P17 N16P1 N16P61 -0.0003
E24_17 N24P19 N24P18 N17P1 N17P61 0.0000
E24_18 N24P20 N24P19 N18P1 N18P61 0.0002
E24_19 N24P21 N24P20 N19P1 N19P61 0.0003
E24_20 N24P22 N24P21 N20P1 N20P61 0.0000
E24 21 N24P23 N24P22 N21P1 N21P61 -0.0007
E24_22 N24P24 N24P23 N22P1 N22P61 0.0115
E24_23 N24P25 N24P24 N23P1 N23P61 -0.2443
E24_25 N24P26 N24P25 N25P1 N25P61 -0.3015
E24_26 N24P27 N24P26 N26P1 N26P61 -0.0492
E24_27 N24P28 N24P27 N27P1 N27P61 0.0039
E24_28 N24P29 N24P28 N28P1 N28P61 -0.0003
E24_29 N24P30 N24P29 N29P1 N29P61 0.0000
E24_30 N24P31 N24P30 N30P1 N30P61 0.0003
E24_31 N24P32 N24P31 N31P1 N31P61 0.0003
E24_32 N24P33 N24P32 N32P1 N32P61 -0.0000
E24_33 N24P34 N24P33 N33P1 N33P61 -0.0001
E24_34 N24P35 N24P34 N34P1 N34P61 0.0007
E24_35 N24P36 N24P35 N35P1 N35P61 0.0057
E24_36 N24P37 N24P36 N36P1 N36P61 -0.0120
E24_37 N24P38 N24P37 N37P1 N37P61 -0.0111
E24_38 N24P39 N24P38 N38P1 N38P61 0.0005
E24_39 N24P40 N24P39 N39P1 N39P61 -0.0001
E24_40 N24P41 N24P40 N40P1 N40P61 -0.0000
E24_41 N24P42 N24P41 N41P1 N41P61 -0.0000
E24_42 N24P43 N24P42 N42P1 N42P61 0.0003
E24_43 N24P44 N24P43 N43P1 N43P61 0.0003
E24_44 N24P45 N24P44 N44P1 N44P61 -0.0000
E24_45 N24P46 N24P45 N45P1 N45P61 0.0000
E24_46 N24P47 N24P46 N46P1 N46P61 -0.0000
E24_47 N24P48 N24P47 N47P1 N47P61 0.0004
E24_48 N24P49 N24P48 N48P1 N48P61 -0.0061
E24_49 N24P50 N24P49 N49P1 N49P61 -0.0041
E24_50 N24P51 N24P50 N50P1 N50P61 0.0003
E24_51 N24P52 N24P51 N51P1 N51P61 0.0000
E24_52 N24P53 N24P52 N52P1 N52P61 0.0000
E24_53 N24P54 N24P53 N53P1 N53P61 -0.0000
E24_54 N24P55 N24P54 N54P1 N54P61 0.0003
E24_55 N24P56 N24P55 N55P1 N55P61 0.0004
E24_56 N24P57 N24P56 N56P1 N56P61 -0.0001
E24_57 N24P58 N24P57 N57P1 N57P61 -0.0003
E24 58 N24P59 N24P58 N58P1 N58P61 -0.0005
E24_59 N24P60 N24P59 N59P1 N59P61 -0.0007
E24_60 N24P61 N24P60 N60P1 N60P61 -0.0045
R24 N24P61 N25P1 R=1
LAPLACE=+1/{K24}/(-S*S/4/3.14"2)"0.25
.param K24=4.9841e-05

L25 N25P1 N25P2 0.1770u

E25_1 N25P3 N25P2 N1P1 N1P61 -0.0092
E25_2 N25P4 N25P3 N2P1 N2P61 -0.0011
E25_3 N25P5 N25P4 N3P1 N3P61 -0.0009
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E25_4 N25P6 N25P5 N4P1 N4P61 -0.0006
E25_5 N25P7 N25P6 N5P1 N5P61 -0.0004
E25_6 N25P8 N25P7 N6P1 N6P61 0.0000
E25_7 N25P9 N25P8 N7P1 N7P61 0.0002
E25_8 N25P10 N25P9 N8P1 N8P61 0.0000
E25_9 N25P11 N25P10 N9P1 N9P61 0.0000
E25_10 N25P12 N25P11 N10P1 N10P61 -0.0001
E25_11 N25P13 N25P12 N11P1 N11P61 0.0006
E25_12 N25P14 N25P13 N12P1 N12P61 -0.0113
E25_13 N25P15 N25P14 N13P1 N13P61 -0.0121
E25_14 N25P16 N25P15 N14P1 N14P61 0.0057
E25_15 N25P17 N25P16 N15P1 N15P61 0.0007
E25_16 N25P18 N25P17 N16P1 N16P61 -0.0001
E25_17 N25P19 N25P18 N17P1 N17P61 -0.0000
E25_18 N25P20 N25P19 N18P1 N18P61 0.0003
E25_19 N25P21 N25P20 N19P1 N19P61 0.0003
E25_20 N25P22 N25P21 N20P1 N20P61 0.0000
E25_21 N25P23 N25P22 N21P1 N21P61 -0.0003
E25_22 N25P24 N25P23 N22P1 N22P61 0.0039
E25_23 N25P25 N25P24 N23P1 N23P61 -0.0492
E25_24 N25P26 N25P25 N24P1 N24P61 -0.3014
E25_26 N25P27 N25P26 N26P1 N26P61 -0.2443
E25_27 N25P28 N25P27 N27P1 N27P61 0.0115
E25_28 N25P29 N25P28 N28P1 N28P61 -0.0007
E25_29 N25P30 N25P29 N29P1 N29P61 0.0000
E25_30 N25P31 N25P30 N30P1 N30P61 0.0003
E25_31 N25P32 N25P31 N31P1 N31P61 0.0003
E25_32 N25P33 N25P32 N32P1 N32P61 0.0000
E25_33 N25P34 N25P33 N33P1 N33P61 -0.0003
E25_34 N25P35 N25P34 N34P1 N34P61 0.0039
E25_35 N25P36 N25P35 N35P1 N35P61 -0.0492
E25_36 N25P37 N25P36 N36P1 N36P61 -0.3014
E25_37 N25P38 N25P37 N37P1 N37P61 -0.0120
E25_38 N25P39 N25P38 N38P1 N38P61 0.0057
E25_39 N25P40 N25P39 N39P1 N39P61 0.0007
E25_40 N25P41 N25P40 N40P1 N40P61 -0.0001
E25_41 N25P42 N25P41 N41P1 N41P61 -0.0000
E25_42 N25P43 N25P42 N42P1 N42P61 0.0003
E25_43 N25P44 N25P43 N43P1 N43P61 0.0003
E25_44 N25P45 N25P44 N44P1 N44P61 -0.0000
E25_45 N25P46 N25P45 N45P1 N45P61 -0.0000
E25_46 N25P47 N25P46 N46P1 N46P61 -0.0001
E25_47 N25P48 N25P47 N47P1 N47P61 0.0005
E25_48 N25P49 N25P48 N48P1 N48P61 -0.0111
E25_49 N25P50 N25P49 N49P1 N49P61 -0.0062
E25_50 N25P51 N25P50 N50P1 N50P61 0.0005
E25_51 N25P52 N25P51 N51P1 N51P61 0.0000
E25_52 N25P53 N25P52 N52P1 N52P61 0.0000
E25_53 N25P54 N25P53 N53P1 N53P61 -0.0000
E25_54 N25P55 N25P54 N54P1 N54P61 0.0003
E25_55 N25P56 N25P55 N55P1 N55P61 0.0002
E25_56 N25P57 N25P56 N56P1 N56P61 -0.0002
E25_57 N25P58 N25P57 N57P1 N57P61 -0.0004
E25_58 N25P59 N25P58 N58P1 N58P61 -0.0007
E25_59 N25P60 N25P59 N59P1 N59P61 -0.0009
E25_60 N25P61 N25P60 N60P1 N60P61 -0.0063

146

R25 N25P61 N26P1 R=1
LAPLACE=+1/{K25}/(-S*S/4/3.14"2)"0.25
Jparam K25=4.9841e-05

Ctt25_26 N25P1 N26P1 16.72p

L26 N26P1 N26P2 0.1511u

E26_1 N26P3 N26P2 N1P1 N1P61 0.0005
E26_2 N26P4 N26P3 N2P1 N2P61 0.0001
E26_3 N26P5 N26P4 N3P1 N3P61 0.0001
E26_4 N26P6 N26P5 N4P1 N4P61 0.0000
E26_5 N26P7 N26P6 N5P1 N5P61 0.0000
E26_6 N26P8 N26P7 N6P1 N6P61 -0.0000
E26_7 N26P9 N26P8 N7P1 N7P61 -0.0000
E26_8 N26P10 N26P9 N8P1 N8P61 -0.0000
E26_9 N26P11 N26P10 N9P1 N9P61 -0.0001
E26_10 N26P12 N26P11 N10P1 N10P61 -0.0002
E26_11 N26P13 N26P12 N11P1 N11P61 -0.0006
E26_12 N26P14 N26P13 N12P1 N12P61 0.0004
E26_13 N26P15 N26P14 N13P1 N13P61 0.0048
E26_14 N26P16 N26P15 N14P1 N14P61 0.0100
E26_15 N26P17 N26P16 N15P1 N15P61 0.0036
E26_16 N26P18 N26P17 N16P1 N16P61 0.0007
E26_17 N26P19 N26P18 N17P1 N17P61 -0.0001
E26_18 N26P20 N26P19 N18P1 N18P61 -0.0000
E26_19 N26P21 N26P20 N19P1 N19P61 0.0000
E26_20 N26P22 N26P21 N20P1 N20P61 -0.0003
E26_21 N26P23 N26P22 N21P1 N21P61 0.0037
E26_22 N26P24 N26P23 N22P1 N22P61 -0.0482
E26_23 N26P25 N26P24 N23P1 N23P61 -0.2203
E26_24 N26P26 N26P25 N24P1 N24P61 -0.0420
E26_25 N26P27 N26P26 N25P1 N25P61 -0.2086
E26_27 N26P28 N26P27 N27P1 N27P61 -0.2279
E26_28 N26P29 N26P28 N28P1 N28P61 0.0109
E26_29 N26P30 N26P29 N29P1 N29P61 -0.0006
E26_30 N26P31 N26P30 N30P1 N30P61 0.0000
E26_31 N26P32 N26P31 N31P1 N31P61 0.0000
E26_32 N26P33 N26P32 N32P1 N32P61 -0.0003
E26_33 N26P34 N26P33 N33P1 N33P61 0.0037
E26_34 N26P35 N26P34 N34P1 N34P61 -0.0482
E26_35 N26P36 N26P35 N35P1 N35P61 -0.2203
E26_36 N26P37 N26P36 N36P1 N36P61 -0.0420
E26_37 N26P38 N26P37 N37P1 N37P61 0.0048
E26_38 N26P39 N26P38 N38P1 N38P61 0.0100
E26_39 N26P40 N26P39 N39P1 N39P61 0.0036
E26_40 N26P41 N26P40 N40P1 N40P61 0.0007
E26_41 N26P42 N26P41 N41P1 N41P61 -0.0001
E26_42 N26P43 N26P42 N42P1 N42P61 -0.0000
E26_43 N26P44 N26P43 N43P1 N43P61 -0.0000
E26_44 N26P45 N26P44 N44P1 N44P61 -0.0000
E26_45 N26P46 N26P45 N45P1 N45P61 -0.0001
E26_46 N26P47 N26P46 N46P1 N46P61 -0.0002
E26_47 N26P48 N26P47 N47P1 N47P61 -0.0006
E26_48 N26P49 N26P48 N48P1 N48P61 0.0004
E26_49 N26P50 N26P49 N49P1 N49P61 0.0004
E26_50 N26P51 N26P50 N50P1 N50P61 0.0000
E26_51 N26P52 N26P51 N51P1 N51P61 0.0000
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E26_52 N26P53 N26P52 N52P1 N52P61 0.0000
E26_53 N26P54 N26P53 N53P1 N53P61 0.0000
E26_54 N26P55 N26P54 N54P1 N54P61 -0.0000
E26_55 N26P56 N26P55 N55P1 N55P61 -0.0000
E26_56 N26P57 N26P56 N56P1 N56P61 0.0000
E26_57 N26P58 N26P57 N57P1 N57P61 0.0000
E26_58 N26P59 N26P58 N58P1 N58P61 0.0000
E26_59 N26P60 N26P59 N59P1 N59P61 0.0000
E26_60 N26P61 N26P60 N60P1 N60P61 0.0003
R26 N26P61 N27P1 R=1
LAPLACE=+1/{K26}/(-S*S/4/3.14"2)"0.25
.param K26=4.6709e-05

Ctt26_27 N26P1 N27P1 15.64p

L27 N27P1 N27P2 0.1409u

E27_1 N27P3 N27P2 N1P1 N1P61 -0.0000
E27_2 N27P4 N27P3 N2P1 N2P61 0.0000
E27_3 N27P5 N27P4 N3P1 N3P61 0.0000
E27_4 N27P6 N27P5 N4P1 N4P61 0.0000
E27_5 N27P7 N27P6 N5P1 N5P61 0.0000
E27_6 N27P8 N27P7 N6P1 N6P61 0.0000
E27_7 N27P9 N27P8 N7P1 N7P61 -0.0000
E27_8 N27P10 N27P9 N8P1 N8P61 -0.0001
E27_9 N27P11 N27P10 N9P1 N9P61 -0.0003
E27_10N27P12 N27P11 N10P1 N10P61 -0.0006
E27_11 N27P13 N27P12 N11P1 N11P61 -0.0002
E27_12 N27P14 N27P13 N12P1 N12P61 -0.0001
E27_13 N27P15 N27P14 N13P1 N13P61 0.0006
E27_14 N27P16 N27P15 N14P1 N14P61 0.0034
E27_15 N27P17 N27P16 N15P1 N15P61 0.0101
E27_16 N27P18 N27P17 N16P1 N16P61 0.0036
E27_17 N27P19 N27P18 N17P1 N17P61 0.0007
E27_18 N27P20 N27P19 N18P1 N18P61 -0.0001
E27_19 N27P21 N27P20 N19P1 N19P61 -0.0003
E27_20 N27P22 N27P21 N20P1 N20P61 0.0038
E27_21 N27P23 N27P22 N21P1 N21P61 -0.0484
E27_22 N27P24 N27P23 N22P1 N22P61 -0.2201
E27_23 N27P25 N27P24 N23P1 N23P61 -0.0450
E27_24 N27P26 N27P25 N24P1 N24P61 0.0031
E27_25 N27P27 N27P26 N25P1 N25P61 0.0092
E27_26 N27P28 N27P27 N26P1 N26P61 -0.2125
E27_28 N27P29 N27P28 N28P1 N28P61 -0.2284
E27_29 N27P30 N27P29 N29P1 N29P61 0.0109
E27_30 N27P31 N27P30 N30P1 N30P61 -0.0006
E27_31 N27P32 N27P31 N31P1 N31P61 -0.0003
E27_32 N27P33 N27P32 N32P1 N32P61 0.0038
E27_33 N27P34 N27P33 N33P1 N33P61 -0.0484
E27_34 N27P35 N27P34 N34P1 N34P61 -0.2201
E27_35N27P36 N27P35 N35P1 N35P61 -0.0450
E27_36 N27P37 N27P36 N36P1 N36P61 0.0031
E27_37 N27P38 N27P37 N37P1 N37P61 0.0006
E27_38 N27P39 N27P38 N38P1 N38P61 0.0034
E27_39 N27P40 N27P39 N39P1 N39P61 0.0101
E27_40 N27P41 N27P40 N40P1 N40P61 0.0036
E27_41 N27P42 N27P41 N41P1 N41P61 0.0007
E27_42 N27P43 N27P42 N42P1 N42P61 -0.0001
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E27_43 N27P44 N27P43 N43P1 N43P61 -0.0000
E27_44 N27P45 N27P44 N44P1 N44P61 -0.0001
E27_45 N27P46 N27P45 N45P1 N45P61 -0.0003
E27_46 N27P47 N27P46 N46P1 N46P61 -0.0006
E27_47 N27P48 N27P47 N47P1 N47P61 -0.0002
E27_48 N27P49 N27P48 N48P1 N48P61 -0.0001
E27_49 N27P50 N27P49 N49P1 N49P61 -0.0000
E27_50 N27P51 N27P50 N50P1 N50P61 0.0000
E27_51 N27P52 N27P51 N51P1 N51P61 0.0000
E27_52 N27P53 N27P52 N52P1 N52P61 0.0000
E27_53 N27P54 N27P53 N53P1 N53P61 0.0000
E27_54 N27P55 N27P54 N54P1 N54P61 0.0000
E27_55 N27P56 N27P55 N55P1 N55P61 0.0000
E27_56 N27P57 N27P56 N56P1 N56P61 -0.0000
E27_57 N27P58 N27P57 N57P1 N57P61 -0.0000
E27_58 N27P59 N27P58 N58P1 N58P61 -0.0000
E27_59 N27P60 N27P59 N59P1 N59P61 -0.0000
E27_60 N27P61 N27P60 N60P1 N60P61 -0.0000
R27 N27P61 N28P1 R=1
LAPLACE=+1/{K27}/(-S*S/4/3.14"2)"0.25
.param K27=4.3576e-05

Ctt27_28 N27P1 N28P1 14.55p

L28 N28P1 N28P2 0.1308u

E28_1 N28P3 N28P2 N1P1 N1P61 0.0000
E28_2 N28P4 N28P3 N2P1 N2P61 0.0000
E28_3 N28P5 N28P4 N3P1 N3P61 0.0000
E28_4 N28P6 N28P5 N4P1 N4P61 0.0000
E28_5 N28P7 N28P6 N5P1 N5P61 0.0000
E28_6 N28P8 N28P7 N6P1 N6P61 -0.0000
E28_7 N28P9 N28P8 N7P1 N7P61 -0.0001
E28_8 N28P10 N28P9 N8P1 N8P61 -0.0002
E28_9 N28P11 N28P10 N9P1 N9P61 -0.0006
E28_10 N28P12 N28P11 N10P1 N10P61 -0.0002
E28_11 N28P13 N28P12 N11P1 N11P61 -0.0001
E28_12 N28P14 N28P13 N12P1 N12P61 -0.0000
E28_13 N28P15 N28P14 N13P1 N13P61 -0.0000
E28_14 N28P16 N28P15 N14P1 N14P61 0.0006
E28_15 N28P17 N28P16 N15P1 N15P61 0.0034
E28_16 N28P18 N28P17 N16P1 N16P61 0.0101
E28_17 N28P19 N28P18 N17P1 N17P61 0.0036
E28_18 N28P20 N28P19 N18P1 N18P61 0.0006
E28_19 N28P21 N28P20 N19P1 N19P61 0.0036
E28_20 N28P22 N28P21 N20P1 N20P61 -0.0485
E28_21 N28P23 N28P22 N21P1 N21P61 -0.2201
E28_22 N28P24 N28P23 N22P1 N22P61 -0.0449
E28_23 N28P25 N28P24 N23P1 N23P61 0.0032
E28_24 N28P26 N28P25 N24P1 N24P61 -0.0002
E28_25 N28P27 N28P26 N25P1 N25P61 -0.0005
E28_26 N28P28 N28P27 N26P1 N26P61 0.0094
E28_27 N28P29 N28P28 N27P1 N27P61 -0.2120
E28_29 N28P30 N28P29 N29P1 N29P61 -0.2291
E28_30 N28P31 N28P30 N30P1 N30P61 0.0107
E28_31 N28P32 N28P31 N31P1 N31P61 0.0036
E28_32 N28P33 N28P32 N32P1 N32P61 -0.0485
E28_33 N28P34 N28P33 N33P1 N33P61 -0.2201
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E28_34 N28P35 N28P34 N34P1 N34P61 -0.0449
E28_35 N28P36 N28P35 N35P1 N35P61 0.0032
E28_36 N28P37 N28P36 N36P1 N36P61 -0.0002
E28 37 N28P38 N28P37 N37P1 N37P61 -0.0000
E28_38 N28P39 N28P38 N38P1 N38P61 0.0006
E28 39 N28P40 N28P39 N39P1 N39P61 0.0034
E28 40 N28P41 N28P40 N40P1 N40P61 0.0101
E28 41 N28P42 N28P41 N41P1 N41P61 0.0036
E28 42 N28P43 N28P42 N42P1 N42P61 0.0006
E28_43 N28P44 N28P43 N43P1 N43P61 -0.0001
E28_44 N28P45 N28P44 N44P1 N44P61 -0.0002
E28_45 N28P46 N28P45 N45P1 N45P61 -0.0006
E28_46 N28P47 N28P46 N46P1 N46P61 -0.0002
E28_47 N28P48 N28P47 N47P1 N47P61 -0.0001
E28_48 N28P49 N28P48 N48P1 N48P61 -0.0000
E28 49 N28P50 N28P49 N49P1 N49P61 0.0000
E28_50 N28P51 N28P50 N50P1 N50P61 0.0000
E28 51 N28P52 N28P51 N51P1 N51P61 0.0000
E28 52 N28P53 N28P52 N52P1 N52P61 0.0000
E28_53 N28P54 N28P53 N53P1 N53P61 0.0000
E28 54 N28P55 N28P54 N54P1 N54P61 -0.0000
E28_55 N28P56 N28P55 N55P1 N55P61 -0.0000
E28_56 N28P57 N28P56 N56P1 N56P61 -0.0000
E28_57 N28P58 N28P57 N57P1 N57P61 -0.0000
E28_58 N28P59 N28P58 N58P1 N58P61 -0.0000
E28_59 N28P60 N28P59 N59P1 N59P61 0.0000
E28_60 N28P61 N28P60 N60P1 N60P61 0.0000
R28 N28P61 N29P1 R=1
LAPLACE=+1/{K28}/(-S*S/4/3.14"2)"0.25
.param K28=4.0443e-05

Ctt28_29 N28P1 N29P1 13.47p

L29 N29P1 N29P2 0.1207u

E29_1 N29P3 N29P2 N1P1 N1P61 -0.0000
E29_2 N29P4 N29P3 N2P1 N2P61 -0.0000
E29_3 N29P5 N29P4 N3P1 N3P61 0.0000
E29_4 N29P6 N29P5 N4P1 N4P61 0.0000
E29 5 N29P7 N29P6 N5P1 N5P61 0.0000
E29_6 N29P8 N29P7 N6P1 N6P61 0.0004
E29_7 N29P9 N29P8 N7P1 N7P61 0.0004
E29_8 N29P10 N29P9 N8P1 N8P61 -0.0006
E29_9 N29P11 N29P10 N9P1 N9P61 -0.0002
E29_10 N29P12 N29P11 N10P1 N10P61 -0.0001
E29 11 N29P13 N29P12 N11P1 N11P61 -0.0000
E29 12 N29P14 N29P13 N12P1 N12P61 -0.0000
E29 13 N29P15 N29P14 N13P1 N13P61 -0.0000
E29 14 N29P16 N29P15 N14P1 N14P61 -0.0000
E29 15 N29P17 N29P16 N15P1 N15P61 0.0006
E29 16 N29P18 N29P17 N16P1 N16P61 0.0034
E29_17 N29P19 N29P18 N17P1 N17P61 0.0100
E29_18 N29P20 N29P19 N18P1 N18P61 0.0052
E29_19 N29P21 N29P20 N19P1 N19P61 -0.0454
E29_20 N29P22 N29P21 N20P1 N20P61 -0.2203
E29_21 N29P23 N29P22 N21P1 N21P61 -0.0448
E29_22 N29P24 N29P23 N22P1 N22P61 0.0032
E29 23 N29P25 N29P24 N23P1 N23P61 -0.0002
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E29_24 N29P26 N29P25 N24P1 N24P61 0.0000
E29_25 N29P27 N29P26 N25P1 N25P61 0.0000
E29_26 N29P28 N29P27 N26P1 N26P61 -0.0005
E29_27 N29P29 N29P28 N27P1 N27P61 0.0093
E29_28 N29P30 N29P29 N28P1 N28P61-0.2114
E29_30 N29P31 N29P30 N30P1 N30P61 -0.2252
E29_31 N29P32 N29P31 N31P1 N31P61 -0.0454
E29_32 N29P33 N29P32 N32P1 N32P61 -0.2203
E29_33 N29P34 N29P33 N33P1 N33P61 -0.0448
E29_34 N29P35 N29P34 N34P1 N34P61 0.0032
E29_35N29P36 N29P35 N35P1 N35P61 -0.0002
E29_36 N29P37 N29P36 N36P1 N36P61 0.0000
E29_37 N29P38 N29P37 N37P1 N37P61 -0.0000
E29_38 N29P39 N29P38 N38P1 N38P61 -0.0000
E29_39 N29P40 N29P39 N39P1 N39P61 0.0006
E29_40 N29P41 N29P40 N40P1 N40P61 0.0034
E29_41 N29P42 N29P41 N41P1 N41P61 0.0100
E29_42 N29P43 N29P42 N42P1 N42P61 0.0051
E29_43 N29P44 N29P43 N43P1 N43P61 0.0004
E29_44 N29P45 N29P44 N44P1 N44P61 -0.0006
E29_45 N29P46 N29P45 N45P1 N45P61 -0.0002
E29_46 N29P47 N29P46 N46P1 N46P61 -0.0001
E29_47 N29P48 N29P47 N47P1 N47P61 -0.0000
E29_48 N29P49 N29P48 N48P1 N48P61 -0.0000
E29_49 N29P50 N29P49 N49P1 N49P61 -0.0000
E29_50 N29P51 N29P50 N50P1 N50P61 0.0000
E29_51 N29P52 N29P51 N51P1 N51P61 0.0000
E29_52 N29P53 N29P52 N52P1 N52P61 0.0000
E29 53 N29P54 N29P53 N53P1 N53P61 0.0000
E29_54 N29P55 N29P54 N54P1 N54P61 0.0003
E29_55 N29P56 N29P55 N55P1 N55P61 0.0002
E29_56 N29P57 N29P56 N56P1 N56P61 0.0000
E29_57 N29P58 N29P57 N57P1 N57P61 -0.0000
E29_58 N29P59 N29P58 N58P1 N58P61 -0.0000
E29_59 N29P60 N29P59 N59P1 N59P61 -0.0000
E29_60 N29P61 N29P60 N60P1 N60P61 -0.0000
R29 N29P61 N30P1 R=1
LAPLACE=+1/{K29}/(-S*S/4/3.14"2)"0.25
.param K29=3.7311e-05

Ctt29_30 N29P1 N30P1 12.38p

L30 N30P1 N30P2 0.1212u

E30_1 N30P3 N30P2 N1P1 N1P61 0.0005
E30_2 N30P4 N30P3 N2P1 N2P61 0.0001
E30_3 N30P5 N30P4 N3P1 N3P61 0.0000
E30_4 N30P6 N30P5 N4P1 N4P61 -0.0002
E30_5 N30P7 N30P6 N5P1 N5P61 -0.0002
E30_6 N30P8 N30P7 N6P1 N6P61 -0.0062
E30_7 N30P9 N30P8 N7P1 N7P61 -0.0098
E30_8 N30P10 N30P9 N8P1 N8P61 0.0004
E30_9 N30P11 N30P10 N9P1 N9P61 -0.0001
E30_10 N30P12 N30P11 N10P1 N10P61 -0.0000
E30_11 N30P13 N30P12 N11P1 N11P61 -0.0000
E30_12 N30P14 N30P13 N12P1 N12P61 0.0002
E30_13 N30P15 N30P14 N13P1 N13P61 0.0002
E30_14 N30P16 N30P15 N14P1 N14P61 -0.0000
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E30_15N30P17 N30P16 N15P1 N15P61 -0.0000
E30_16 N30P18 N30P17 N16P1 N16P61 0.0006
E30_17 N30P19 N30P18 N17P1 N17P61 0.0052
E30_18 N30P20 N30P19 N18P1 N18P61 -0.0107
E30_19 N30P21 N30P20 N19P1 N19P61 -0.2997
E30_20 N30P22 N30P21 N20P1 N20P61 -0.0456
E30_21 N30P23 N30P22 N21P1 N21P61 0.0033
E30_22 N30P24 N30P23 N22P1 N22P61 -0.0002
E30_23 N30P25 N30P24 N23P1 N23P61 0.0000
E30_24 N30P26 N30P25 N24P1 N24P61 0.0002
E30_25 N30P27 N30P26 N25P1 N25P61 0.0002
E30_26 N30P28 N30P27 N26P1 N26P61 0.0000
E30_27 N30P29 N30P28 N27P1 N27P61 -0.0005
E30_28 N30P30 N30P29 N28P1 N28P61 0.0099
E30_29 N30P31 N30P30 N29P1 N29P61 -0.2261
E30_31 N30P32 N30P31 N31P1 N31P61 -0.2997
E30_32 N30P33 N30P32 N32P1 N32P61 -0.0456
E30_33 N30P34 N30P33 N33P1 N33P61 0.0033
E30_34 N30P35 N30P34 N34P1 N34P61 -0.0002
E30_35 N30P36 N30P35 N35P1 N35P61 0.0000
E30_36 N30P37 N30P36 N36P1 N36P61 0.0002
E30_37 N30P38 N30P37 N37P1 N37P61 0.0002
E30_38 N30P39 N30P38 N38P1 N38P61 -0.0000
E30_39 N30P40 N30P39 N39P1 N39P61 -0.0000
E30_40 N30P41 N30P40 N40P1 N40P61 0.0006
E30_41 N30P42 N30P41 N41P1 N41P61 0.0052
E30_42 N30P43 N30P42 N42P1 N42P61 -0.0107
E30_43 N30P44 N30P43 N43P1 N43P61 -0.0098
E30_44 N30P45 N30P44 N44P1 N44P61 0.0004
E30_45 N30P46 N30P45 N45P1 N45P61 -0.0001
E30_46 N30P47 N30P46 N46P1 N46P61 -0.0000
E30_47 N30P48 N30P47 N47P1 N47P61 -0.0000
E30_48 N30P49 N30P48 N48P1 N48P61 0.0002
E30_49 N30P50 N30P49 N49P1 N49P61 0.0002
E30_50 N30P51 N30P50 N50P1 N50P61 -0.0000
E30_51 N30P52 N30P51 N51P1 N51P61 -0.0000
E30_52 N30P53 N30P52 N52P1 N52P61 -0.0000
E30_53 N30P54 N30P53 N53P1 N53P61 0.0003
E30_54 N30P55 N30P54 N54P1 N54P61 -0.0048
E30_55 N30P56 N30P55 N55P1 N55P61 -0.0034
E30_56 N30P57 N30P56 N56P1 N56P61 -0.0000
E30_57 N30P58 N30P57 N57P1 N57P61 0.0000
E30_58 N30P59 N30P58 N58P1 N58P61 0.0001
E30_59 N30P60 N30P59 N59P1 N59P61 0.0002
E30_60 N30P61 N30P60 N60P1 N60P61 0.0006
R30 N30P61 N31P1 R=1
LAPLACE=+1/{K30}/(-S*S/4/3.14"2)"0.25
.param K30=3.4178e-05

L31 N31P1 N31P2 0.1212u

E31_1 N31P3 N31P2 N1P1 N1P61 0.0006
E31_2 N31P4 N31P3 N2P1 N2P61 0.0002
E31_3 N31P5 N31P4 N3P1 N3P61 0.0001
E31_4 N31P6 N31P5 N4P1 N4P61 0.0000
E31_5 N31P7 N31P6 N5P1 N5P61 -0.0000
E31_6 N31P8 N31P7 N6P1 N6P61 -0.0034
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E31_7 N31P9 N31P8 N7P1 N7P61 -0.0048
E31_8 N31P10 N31P9 N8P1 N8P61 0.0003
E31_9 N31P11 N31P10 N9P1 N9P61 -0.0000
E31_10 N31P12 N31P11 N10P1 N10P61 -0.0000
E31_11 N31P13 N31P12 N11P1 N11P61 -0.0000
E31_12 N31P14 N31P13 N12P1 N12P61 0.0002
E31_13 N31P15 N31P14 N13P1 N13P61 0.0002
E31_14 N31P16 N31P15 N14P1 N14P61 -0.0000
E31_15N31P17 N31P16 N15P1 N15P61 -0.0000
E31_16 N31P18 N31P17 N16P1 N16P61 -0.0001
E31_17 N31P19 N31P18 N17P1 N17P61 0.0004
E31_18 N31P20 N31P19 N18P1 N18P61 -0.0098
E31_19 N31P21 N31P20 N19P1 N19P61 -0.0107
E31_20 N31P22 N31P21 N20P1 N20P61 0.0052
E31_21 N31P23 N31P22 N21P1 N21P61 0.0006
E31_22 N31P24 N31P23 N22P1 N22P61 -0.0000
E31_23 N31P25 N31P24 N23P1 N23P61 -0.0000
E31_24 N31P26 N31P25 N24P1 N24P61 0.0002
E31_25 N31P27 N31P26 N25P1 N25P61 0.0002
E31_26 N31P28 N31P27 N26P1 N26P61 0.0000
E31_27 N31P29 N31P28 N27P1 N27P61 -0.0002
E31_28 N31P30 N31P29 N28P1 N28P61 0.0033
E31_29 N31P31 N31P30 N29P1 N29P61 -0.0456
E31_30 N31P32 N31P31 N30P1 N30P61 -0.2997
E31_32 N31P33 N31P32 N32P1 N32P61 -0.2261
E31_33 N31P34 N31P33 N33P1 N33P61 0.0099
E31_34 N31P35 N31P34 N34P1 N34P61 -0.0005
E31_35 N31P36 N31P35 N35P1 N35P61 0.0000
E31_36 N31P37 N31P36 N36P1 N36P61 0.0002
E31_37 N31P38 N31P37 N37P1 N37P61 0.0002
E31_38 N31P39 N31P38 N38P1 N38P61 0.0000
E31_39 N31P40 N31P39 N39P1 N39P61 -0.0002
E31_40 N31P41 N31P40 N40P1 N40P61 0.0033
E31_41 N31P42 N31P41 N41P1 N41P61 -0.0456
E31_42 N31P43 N31P42 N42P1 N42P61 -0.2997
E31_43 N31P44 N31P43 N43P1 N43P61 -0.0107
E31_44 N31P45 N31P44 N44P1 N44P61 0.0052
E31_45 N31P46 N31P45 N45P1 N45P61 0.0006
E31_46 N31P47 N31P46 N46P1 N46P61 -0.0000
E31_47 N31P48 N31P47 N47P1 N47P61 -0.0000
E31_48 N31P49 N31P48 N48P1 N48P61 0.0002
E31_49 N31P50 N31P49 N49P1 N49P61 0.0002
E31_50 N31P51 N31P50 N50P1 N50P61 -0.0000
E31_51 N31P52 N31P51 N51P1 N51P61 -0.0000
E31_52 N31P53 N31P52 N52P1 N52P61 -0.0001
E31_53 N31P54 N31P53 N53P1 N53P61 0.0004
E31_54 N31P55 N31P54 N54P1 N54P61 -0.0098
E31_55N31P56 N31P55 N55P1 N55P61 -0.0062
E31_56 N31P57 N31P56 N56P1 N56P61 -0.0002
E31_57 N31P58 N31P57 N57P1 N57P61 -0.0002
E31_58 N31P59 N31P58 N58P1 N58P61 0.0000
E31_59 N31P60 N31P59 N59P1 N59P61 0.0001
E31_60 N31P61 N31P60 N60P1 N60P61 0.0005
R31 N31P61 N32P1 R=1
LAPLACE=+1/{K31}/(-S*S/4/3.14"2)"0.25
.param K31=3.4178e-05
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Ctt31_32 N31P1 N32P1 12.38p

L32 N32P1 N32P2 0.1207u

E32_1 N32P3 N32P2 N1P1 N1P61 -0.0000
E32_2 N32P4 N32P3 N2P1 N2P61 -0.0000
E32_3 N32P5 N32P4 N3P1 N3P61 -0.0000
E32_4 N32P6 N32P5 N4P1 N4P61 -0.0000
E32_5 N32P7 N32P6 N5P1 N5P61 0.0000
E32_6 N32P8 N32P7 N6P1 N6P61 0.0002
E32_7 N32P9 N32P8 N7P1 N7P61 0.0003
E32_8 N32P10 N32P9 N8P1 N8P61 0.0000
E32_9 N32P11 N32P10 N9P1 N9P61 0.0000
E32_10 N32P12 N32P11 N10P1 N10P61 0.0000
E32_11 N32P13 N32P12 N11P1 N11P61 0.0000
E32_12 N32P14 N32P13 N12P1 N12P61 -0.0000
E32_13 N32P15 N32P14 N13P1 N13P61 -0.0000
E32_14 N32P16 N32P15 N14P1 N14P61 -0.0000
E32_15N32P17 N32P16 N15P1 N15P61 -0.0001
E32_16 N32P18 N32P17 N16P1 N16P61 -0.0002
E32_17 N32P19 N32P18 N17P1 N17P61 -0.0006
E32_18 N32P20 N32P19 N18P1 N18P61 0.0004
E32_19 N32P21 N32P20 N19P1 N19P61 0.0051
E32_20 N32P22 N32P21 N20P1 N20P61 0.0100
E32_21 N32P23 N32P22 N21P1 N21P61 0.0034
E32_22 N32P24 N32P23 N22P1 N22P61 0.0006
E32_23 N32P25 N32P24 N23P1 N23P61 -0.0000
E32_24 N32P26 N32P25 N24P1 N24P61 -0.0000
E32_25 N32P27 N32P26 N25P1 N25P61 0.0000
E32_26 N32P28 N32P27 N26P1 N26P61 -0.0002
E32_27 N32P29 N32P28 N27P1 N27P61 0.0032
E32_28 N32P30 N32P29 N28P1 N28P61 -0.0448
E32_29 N32P31 N32P30 N29P1 N29P61 -0.2203
E32_30 N32P32 N32P31 N30P1 N30P61 -0.0454
E32_31 N32P33 N32P32 N31P1 N31P61 -0.2252
E32_33 N32P34 N32P33 N33P1 N33P61 -0.2114
E32_34 N32P35 N32P34 N34P1 N34P61 0.0093
E32_35 N32P36 N32P35 N35P1 N35P61 -0.0005
E32_36 N32P37 N32P36 N36P1 N36P61 0.0000
E32_37 N32P38 N32P37 N37P1 N37P61 0.0000
E32_38 N32P39 N32P38 N38P1 N38P61 -0.0002
E32_39 N32P40 N32P39 N39P1 N39P61 0.0032
E32_40 N32P41 N32P40 N40P1 N40P61 -0.0448
E32_41 N32P42 N32P41 N41P1 N41P61 -0.2203
E32_42 N32P43 N32P42 N42P1 N42P61 -0.0454
E32_43 N32P44 N32P43 N43P1 N43P61 0.0052
E32_44 N32P45 N32P44 N44P1 N44P61 0.0100
E32_45 N32P46 N32P45 N45P1 N45P61 0.0034
E32_46 N32P47 N32P46 N46P1 N46P61 0.0006
E32_47 N32P48 N32P47 N47P1 N47P61 -0.0000
E32_48 N32P49 N32P48 N48P1 N48P61 -0.0000
E32_49 N32P50 N32P49 N49P1 N49P61 -0.0000
E32_50 N32P51 N32P50 N50P1 N50P61 -0.0000
E32_51 N32P52 N32P51 N51P1 N51P61 -0.0001
E32_52 N32P53 N32P52 N52P1 N52P61 -0.0002
E32_53 N32P54 N32P53 N53P1 N53P61 -0.0006
E32_54 N32P55 N32P54 N54P1 N54P61 0.0004
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E32_55 N32P56 N32P55 N55P1 N55P61 0.0004
E32_56 N32P57 N32P56 N56P1 N56P61 0.0000
E32_57 N32P58 N32P57 N57P1 N57P61 0.0000
E32_58 N32P59 N32P58 N58P1 N58P61 0.0000
E32_59 N32P60 N32P59 N59P1 N59P61 -0.0000
E32_60 N32P61 N32P60 N60P1 N60P61 -0.0000
R32 N32P61 N33P1 R=1
LAPLACE=+1/{K32}/(-S*S/4/3.14"2)"0.25
.param K32=3.7311e-05

Ctt32_33 N32P1 N33P1 13.47p

L33 N33P1 N33P2 0.1308u

E33_1 N33P3 N33P2 N1P1 N1P61 0.0000
E33_2 N33P4 N33P3 N2P1 N2P61 0.0000
E33_3 N33P5 N33P4 N3P1 N3P61 -0.0000
E33_4 N33P6 N33P5 N4P1 N4P61 -0.0000
E33_5 N33P7 N33P6 N5P1 N5P61 -0.0000
E33_6 N33P8 N33P7 N6P1 N6P61 -0.0000
E33_7 N33P9 N33P8 N7P1 N7P61 -0.0000
E33_8 N33P10 N33P9 N8P1 N8P61 0.0000
E33_9 N33P11 N33P10 N9P1 N9P61 0.0000
E33_10 N33P12 N33P11 N10P1 N10P61 0.0000
E33_11 N33P13 N33P12 N11P1 N11P61 0.0000
E33_12 N33P14 N33P13 N12P1 N12P61 0.0000
E33_13 N33P15 N33P14 N13P1 N13P61 -0.0000
E33_14 N33P16 N33P15 N14P1 N14P61 -0.0001
E33_15N33P17 N33P16 N15P1 N15P61 -0.0002
E33_16 N33P18 N33P17 N16P1 N16P61 -0.0006
E33_17 N33P19 N33P18 N17P1 N17P61 -0.0002
E33_18 N33P20 N33P19 N18P1 N18P61 -0.0001
E33_19 N33P21 N33P20 N19P1 N19P61 0.0006
E33_20 N33P22 N33P21 N20P1 N20P61 0.0036
E33_21 N33P23 N33P22 N21P1 N21P61 0.0101
E33_22 N33P24 N33P23 N22P1 N22P61 0.0034
E33_23 N33P25 N33P24 N23P1 N23P61 0.0006
E33_24 N33P26 N33P25 N24P1 N24P61 -0.0000
E33_25 N33P27 N33P26 N25P1 N25P61 -0.0002
E33_26 N33P28 N33P27 N26P1 N26P61 0.0032
E33_27 N33P29 N33P28 N27P1 N27P61 -0.0449
E33_28 N33P30 N33P29 N28P1 N28P61 -0.2201
E33_29 N33P31 N33P30 N29P1 N29P61 -0.0485
E33_30 N33P32 N33P31 N30P1 N30P61 0.0036
E33_31 N33P33 N33P32 N31P1 N31P61 0.0107
E33_32 N33P34 N33P33 N32P1 N32P61 -0.2291
E33_34 N33P35 N33P34 N34P1 N34P61 -0.2120
E33_35 N33P36 N33P35 N35P1 N35P61 0.0094
E33_36 N33P37 N33P36 N36P1 N36P61 -0.0005
E33_37 N33P38 N33P37 N37P1 N37P61 -0.0002
E33_38 N33P39 N33P38 N38P1 N38P61 0.0032
E33_39 N33P40 N33P39 N39P1 N39P61 -0.0449
E33_40 N33P41 N33P40 N40P1 N40P61 -0.2201
E33_41 N33P42 N33P41 N41P1 N41P61 -0.0485
E33_42 N33P43 N33P42 N42P1 N42P61 0.0036
E33_43 N33P44 N33P43 N43P1 N43P61 0.0006
E33_44 N33P45 N33P44 N44P1 N44P61 0.0036
E33_45 N33P46 N33P45 N45P1 N45P61 0.0101
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E33_46 N33P47 N33P46 N46P1 N46P61 0.0034
E33_47 N33P48 N33P47 N47P1 N47P61 0.0006
E33_48 N33P49 N33P48 N48P1 N48P61 -0.0000
E33_49 N33P50 N33P49 N49P1 N49P61 -0.0000
E33_50 N33P51 N33P50 N50P1 N50P61 -0.0001
E33 51 N33P52 N33P51 N51P1 N51P61 -0.0002
E33_52 N33P53 N33P52 N52P1 N52P61 -0.0006
E33_53 N33P54 N33P53 N53P1 N53P61 -0.0002
E33_54 N33P55 N33P54 N54P1 N54P61 -0.0001
E33_55 N33P56 N33P55 N55P1 N55P61 -0.0000
E33_56 N33P57 N33P56 N56P1 N56P61 0.0000
E33_57 N33P58 N33P57 N57P1 N57P61 0.0000
E33_58 N33P59 N33P58 N58P1 N58P61 0.0000
E33_59 N33P60 N33P59 N59P1 N59P61 0.0000
E33_60 N33P61 N33P60 N60P1 N60P61 0.0000
R33 N33P61 N34P1 R=1
LAPLACE=+1/{K33}/(-S*S/4/3.14"2)"0.25
.param K33=4.0443e-05

Ctt33_34 N33P1 N34P1 14.55p

L34 N34P1 N34P2 0.1409u

E34_1 N34P3 N34P2 N1P1 N1P61 -0.0000
E34_2 N34P4 N34P3 N2P1 N2P61 -0.0000
E34_3 N34P5 N34P4 N3P1 N3P61 -0.0000
E34_4 N34P6 N34P5 N4P1 N4P61 -0.0000
E34_5 N34P7 N34P6 N5P1 N5P61 -0.0000
E34_6 N34P8 N34P7 N6P1 N6P61 0.0000
E34_7 N34P9 N34P8 N7P1 N7P61 0.0000
E34_8 N34P10 N34P9 N8P1 N8P61 0.0000
E34_9 N34P11 N34P10 N9P1 N9P61 0.0000
E34_10 N34P12 N34P11 N10P1 N10P61 0.0000
E34_11 N34P13 N34P12 N11P1 N11P61 0.0000
E34_12 N34P14 N34P13 N12P1 N12P61 -0.0000
E34_13 N34P15 N34P14 N13P1 N13P61 -0.0001
E34_14 N34P16 N34P15 N14P1 N14P61 -0.0002
E34_15N34P17 N34P16 N15P1 N15P61 -0.0006
E34_16 N34P18 N34P17 N16P1 N16P61 -0.0003
E34_17 N34P19 N34P18 N17P1 N17P61 -0.0001
E34_18 N34P20 N34P19 N18P1 N18P61 -0.0000
E34_19 N34P21 N34P20 N19P1 N19P61 -0.0001
E34_20 N34P22 N34P21 N20P1 N20P61 0.0007
E34_21 N34P23 N34P22 N21P1 N21P61 0.0036
E34_22 N34P24 N34P23 N22P1 N22P61 0.0101
E34_23 N34P25 N34P24 N23P1 N23P61 0.0034
E34_24 N34P26 N34P25 N24P1 N24P61 0.0006
E34_25 N34P27 N34P26 N25P1 N25P61 0.0031
E34_26 N34P28 N34P27 N26P1 N26P61 -0.0450
E34_27 N34P29 N34P28 N27P1 N27P61 -0.2201
E34_28 N34P30 N34P29 N28P1 N28P61 -0.0484
E34_29 N34P31 N34P30 N29P1 N29P61 0.0038
E34_30 N34P32 N34P31 N30P1 N30P61 -0.0003
E34_31 N34P33 N34P32 N31P1 N31P61 -0.0006
E34_32 N34P34 N34P33 N32P1 N32P61 0.0109
E34_33 N34P35 N34P34 N33P1 N33P61 -0.2284
E34_35N34P36 N34P35 N35P1 N35P61 -0.2125
E34_36 N34P37 N34P36 N36P1 N36P61 0.0092
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E34_37 N34P38 N34P37 N37P1 N37P61 0.0031
E34_38 N34P39 N34P38 N38P1 N38P61 -0.0450
E34_39 N34P40 N34P39 N39P1 N39P61 -0.2201
E34_40 N34P41 N34P40 N40P1 N40P61 -0.0484
E34_41 N34P42 N34P41 N41P1 N41P61 0.0038
E34_42 N34P43 N34P42 N42P1 N42P61 -0.0003
E34_43 N34P44 N34P43 N43P1 N43P61 -0.0001
E34_44 N34P45 N34P44 N44P1 N44P61 0.0007
E34_45 N34P46 N34P45 N45P1 N45P61 0.0036
E34_46 N34P47 N34P46 N46P1 N46P61 0.0101
E34_47 N34P48 N34P47 N47P1 N47P61 0.0034
E34_48 N34P49 N34P48 N48P1 N48P61 0.0006
E34_49 N34P50 N34P49 N49P1 N49P61 -0.0001
E34_50 N34P51 N34P50 N50P1 N50P61 -0.0002
E34_51 N34P52 N34P51 N51P1 N51P61 -0.0006
E34_52 N34P53 N34P52 N52P1 N52P61 -0.0003
E34_53 N34P54 N34P53 N53P1 N53P61 -0.0001
E34_54 N34P55 N34P54 N54P1 N54P61 -0.0000
E34 55 N34P56 N34P55 N55P1 N55P61 0.0000
E34_56 N34P57 N34P56 N56P1 N56P61 0.0000
E34_57 N34P58 N34P57 N57P1 N57P61 0.0000
E34_58 N34P59 N34P58 N58P1 N58P61 0.0000
E34_59 N34P60 N34P59 N59P1 N59P61 0.0000
E34_60 N34P61 N34P60 N60P1 N60P61 -0.0000
R34 N34P61 N35P1 R=1
LAPLACE=+1/{K34}/(-S*S/4/3.14"2)"0.25
.param K34=4.3576e-05

Ctt34_35 N34P1 N35P1 15.64p

L35 N35P1 N35P2 0.1511u

E35_1 N35P3 N35P2 N1P1 N1P61 0.0003
E35_2 N35P4 N35P3 N2P1 N2P61 0.0000
E35_3 N35P5 N35P4 N3P1 N3P61 0.0000
E35_4 N35P6 N35P5 N4P1 N4P61 0.0000
E35_5 N35P7 N35P6 N5P1 N5P61 0.0000
E35_6 N35P8 N35P7 N6P1 N6P61 -0.0000
E35_7 N35P9 N35P8 N7P1 N7P61 -0.0000
E35_8 N35P10 N35P9 N8P1 N8P61 0.0000
E35_9 N35P11 N35P10 N9P1 N9P61 0.0000
E35_10 N35P12 N35P11 N10P1 N10P61 0.0000
E35_11 N35P13 N35P12 N11P1 N11P61 0.0000
E35_12 N35P14 N35P13 N12P1 N12P61 0.0004
E35_13 N35P15 N35P14 N13P1 N13P61 0.0004
E35_14 N35P16 N35P15 N14P1 N14P61 -0.0006
E35_15 N35P17 N35P16 N15P1 N15P61 -0.0002
E35_16 N35P18 N35P17 N16P1 N16P61 -0.0001
E35_17 N35P19 N35P18 N17P1 N17P61 -0.0000
E35_18 N35P20 N35P19 N18P1 N18P61 -0.0000
E35_19 N35P21 N35P20 N19P1 N19P61 -0.0000
E35_20 N35P22 N35P21 N20P1 N20P61 -0.0001
E35_21 N35P23 N35P22 N21P1 N21P61 0.0007
E35_22 N35P24 N35P23 N22P1 N22P61 0.0036
E35_23 N35P25 N35P24 N23P1 N23P61 0.0100
E35_24 N35P26 N35P25 N24P1 N24P61 0.0048
E35_25 N35P27 N35P26 N25P1 N25P61 -0.0420
E35_26 N35P28 N35P27 N26P1 N26P61 -0.2203
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E35_27 N35P29 N35P28 N27P1 N27P61 -0.0482
E35_28 N35P30 N35P29 N28P1 N28P61 0.0037
E35_29 N35P31 N35P30 N29P1 N29P61 -0.0003
E35_30 N35P32 N35P31 N30P1 N30P61 0.0000
E35_31 N35P33 N35P32 N31P1 N31P61 0.0000
E35_32 N35P34 N35P33 N32P1 N32P61 -0.0006
E35_33 N35P35 N35P34 N33P1 N33P61 0.0109
E35 34 N35P36 N35P35 N34P1 N34P61 -0.2279
E35_36 N35P37 N35P36 N36P1 N36P61 -0.2086
E35_37 N35P38 N35P37 N37P1 N37P61 -0.0420
E35_38 N35P39 N35P38 N38P1 N38P61 -0.2203
E35_39 N35P40 N35P39 N39P1 N39P61 -0.0482
E35_40 N35P41 N35P40 N40P1 N40P61 0.0037
E35_41 N35P42 N35P41 N41P1 N41P61 -0.0003
E35_42 N35P43 N35P42 N42P1 N42P61 0.0000
E35 43 N35P44 N35P43 N43P1 N43P61 -0.0000
E35_44 N35P45 N35P44 N44P1 N44P61 -0.0001
E35_45 N35P46 N35P45 N45P1 N45P61 0.0007
E35_46 N35P47 N35P46 N46P1 N46P61 0.0036
E35_47 N35P48 N35P47 N47P1 N47P61 0.0100
E35_48 N35P49 N35P48 N48P1 N48P61 0.0048
E35_49 N35P50 N35P49 N49P1 N49P61 0.0004
E35_50 N35P51 N35P50 N50P1 N50P61 -0.0006
E35_51 N35P52 N35P51 N51P1 N51P61 -0.0002
E35_52 N35P53 N35P52 N52P1 N52P61 -0.0001
E35_53 N35P54 N35P53 N53P1 N53P61 -0.0000
E35_54 N35P55 N35P54 N54P1 N54P61 -0.0000
E35_55 N35P56 N35P55 N55P1 N55P61 -0.0000
E35_56 N35P57 N35P56 N56P1 N56P61 0.0000
E35_57 N35P58 N35P57 N57P1 N57P61 0.0000
E35_58 N35P59 N35P58 N58P1 N58P61 0.0001
E35_59 N35P60 N35P59 N59P1 N59P61 0.0001
E35_60 N35P61 N35P60 N60P1 N60P61 0.0005
R35 N35P61 N36P1 R=1
LAPLACE=+1/{K35}/(-S*S/4/3.14"2)"0.25
.param K35=4.6709e-05

Ctt35_36 N35P1 N36P1 16.72p

L36 N36P1 N36P2 0.1770u

E36_1 N36P3 N36P2 N1P1 N1P61 -0.0063
E36_2 N36P4 N36P3 N2P1 N2P61 -0.0009
E36_3 N36P5 N36P4 N3P1 N3P61 -0.0007
E36_4 N36P6 N36P5 N4P1 N4P61 -0.0004
E36_5 N36P7 N36P6 N5P1 N5P61 -0.0002
E36_6 N36P8 N36P7 N6P1 N6P61 0.0002
E36_7 N36P9 N36P8 N7P1 N7P61 0.0003
E36_8 N36P10 N36P9 N8P1 N8P61 -0.0000
E36_9 N36P11 N36P10 N9P1 N9P61 0.0000
E36_10 N36P12 N36P11 N10P1 N10P61 0.0000
E36_11 N36P13 N36P12 N11P1 N11P61 0.0005
E36_12 N36P14 N36P13 N12P1 N12P61 -0.0062
E36_13 N36P15 N36P14 N13P1 N13P61 -0.0111
E36_14 N36P16 N36P15 N14P1 N14P61 0.0005
E36_15N36P17 N36P16 N15P1 N15P61 -0.0001
E36_16 N36P18 N36P17 N16P1 N16P61 -0.0000
E36_17 N36P19 N36P18 N17P1 N17P61 -0.0000
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E36_18 N36P20 N36P19 N18P1 N18P61 0.0003
E36_19 N36P21 N36P20 N19P1 N19P61 0.0003
E36_20 N36P22 N36P21 N20P1 N20P61 -0.0000
E36_21 N36P23 N36P22 N21P1 N21P61 -0.0001
E36_22 N36P24 N36P23 N22P1 N22P61 0.0007
E36_23 N36P25 N36P24 N23P1 N23P61 0.0057
E36_24 N36P26 N36P25 N24P1 N24P61 -0.0120
E36_25 N36P27 N36P26 N25P1 N25P61 -0.3014
E36_26 N36P28 N36P27 N26P1 N26P61 -0.0492
E36_27 N36P29 N36P28 N27P1 N27P61 0.0039
E36_28 N36P30 N36P29 N28P1 N28P61 -0.0003
E36_29 N36P31 N36P30 N29P1 N29P61 0.0000
E36_30 N36P32 N36P31 N30P1 N30P61 0.0003
E36_31 N36P33 N36P32 N31P1 N31P61 0.0003
E36_32 N36P34 N36P33 N32P1 N32P61 0.0000
E36_33 N36P35 N36P34 N33P1 N33P61 -0.0007
E36_34 N36P36 N36P35 N34P1 N34P61 0.0115
E36_35 N36P37 N36P36 N35P1 N35P61 -0.2443
E36_37 N36P38 N36P37 N37P1 N37P61 -0.3014
E36_38 N36P39 N36P38 N38P1 N38P61 -0.0492
E36_39 N36P40 N36P39 N39P1 N39P61 0.0039
E36_40 N36P41 N36P40 N40P1 N40P61 -0.0003
E36_41 N36P42 N36P41 N41P1 N41P61 0.0000
E36_42 N36P43 N36P42 N42P1 N42P61 0.0003
E36_43 N36P44 N36P43 N43P1 N43P61 0.0003
E36_44 N36P45 N36P44 N44P1 N44P61 -0.0000
E36_45 N36P46 N36P45 N45P1 N45P61 -0.0001
E36_46 N36P47 N36P46 N46P1 N46P61 0.0007
E36_47 N36P48 N36P47 N47P1 N47P61 0.0057
E36_48 N36P49 N36P48 N48P1 N48P61 -0.0121
E36_49 N36P50 N36P49 N49P1 N49P61 -0.0113
E36_50 N36P51 N36P50 N50P1 N50P61 0.0006
E36_51 N36P52 N36P51 N51P1 N51P61 -0.0001
E36_52 N36P53 N36P52 N52P1 N52P61 0.0000
E36_53 N36P54 N36P53 N53P1 N53P61 0.0000
E36_54 N36P55 N36P54 N54P1 N54P61 0.0002
E36_55 N36P56 N36P55 N55P1 N55P61 0.0000
E36_56 N36P57 N36P56 N56P1 N56P61 -0.0004
E36_57 N36P58 N36P57 N57P1 N57P61 -0.0006
E36_58 N36P59 N36P58 N58P1 N58P61 -0.0009
E36_59 N36P60 N36P59 N59P1 N59P61 -0.0011
E36_60 N36P61 N36P60 N60P1 N60P61 -0.0092
R36 N36P61 N37P1 R=1
LAPLACE=+1/{K36}/(-S*S/4/3.14"2)"0.25
.Jparam K36=4.9841e-05

L37 N37P1 N37P2 0.1770u

E37_1 N37P3 N37P2 N1P1 N1P61 -0.0045
E37_2 N37P4 N37P3 N2P1 N2P61 -0.0007
E37_3 N37P5 N37P4 N3P1 N3P61 -0.0005
E37_4 N37P6 N37P5 N4P1 N4P61 -0.0003
E37_5 N37P7 N37P6 N5P1 N5P61 -0.0001
E37_6 N37P8 N37P7 N6P1 N6P61 0.0004
E37_7 N37P9 N37P8 N7P1 N7P61 0.0003
E37_8 N37P10 N37P9 N8P1 N8P61 -0.0000
E37_9 N37P11 N37P10 N9P1 N9P61 0.0000
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E37_10 N37P12 N37P11 N10P1 N10P61 0.0000
E37_11 N37P13 N37P12 N11P1 N11P61 0.0003
E37_12 N37P14 N37P13 N12P1 N12P61 -0.0041
E37_13 N37P15 N37P14 N13P1 N13P61 -0.0061
E37_14 N37P16 N37P15 N14P1 N14P61 0.0004
E37_15N37P17 N37P16 N15P1 N15P61 -0.0000
E37_16 N37P18 N37P17 N16P1 N16P61 0.0000
E37_17 N37P19 N37P18 N17P1 N17P61 -0.0000
E37_18 N37P20 N37P19 N18P1 N18P61 0.0003
E37_19 N37P21 N37P20 N19P1 N19P61 0.0003
E37_20 N37P22 N37P21 N20P1 N20P61 -0.0000
E37_21 N37P23 N37P22 N21P1 N21P61 -0.0000
E37_22 N37P24 N37P23 N22P1 N22P61 -0.0001
E37_23 N37P25 N37P24 N23P1 N23P61 0.0005
E37_24 N37P26 N37P25 N24P1 N24P61 -0.0111
E37_25 N37P27 N37P26 N25P1 N25P61 -0.0120
E37_26 N37P28 N37P27 N26P1 N26P61 0.0057
E37_27 N37P29 N37P28 N27P1 N27P61 0.0007
E37_28 N37P30 N37P29 N28P1 N28P61 -0.0001
E37_29 N37P31 N37P30 N29P1 N29P61 -0.0000
E37_30 N37P32 N37P31 N30P1 N30P61 0.0003
E37_31 N37P33 N37P32 N31P1 N31P61 0.0003
E37_32 N37P34 N37P33 N32P1 N32P61 0.0000
E37_33 N37P35 N37P34 N33P1 N33P61 -0.0003
E37_34 N37P36 N37P35 N34P1 N34P61 0.0039
E37_35N37P37 N37P36 N35P1 N35P61 -0.0492
E37_36 N37P38 N37P37 N36P1 N36P61 -0.3015
E37_38 N37P39 N37P38 N38P1 N38P61 -0.2443
E37_39 N37P40 N37P39 N39P1 N39P61 0.0115
E37_40 N37P41 N37P40 N40P1 N40P61 -0.0007
E37_41 N37P42 N37P41 N41P1 N41P61 0.0000
E37_42 N37P43 N37P42 N42P1 N42P61 0.0003
E37_43 N37P44 N37P43 N43P1 N43P61 0.0002
E37_44 N37P45 N37P44 N44P1 N44P61 0.0000
E37_45N37P46 N37P45 N45P1 N45P61 -0.0003
E37_46 N37P47 N37P46 N46P1 N46P61 0.0038
E37_47 N37P48 N37P47 N47P1 N47P61 -0.0492
E37_48 N37P49 N37P48 N48P1 N48P61 -0.3017
E37_49 N37P50 N37P49 N49P1 N49P61 -0.0123
E37_50 N37P51 N37P50 N50P1 N50P61 0.0058
E37_51 N37P52 N37P51 N51P1 N51P61 0.0008
E37_52 N37P53 N37P52 N52P1 N52P61 -0.0000
E37_53 N37P54 N37P53 N53P1 N53P61 0.0000
E37_54 N37P55 N37P54 N54P1 N54P61 0.0002
E37_55N37P56 N37P55 N55P1 N55P61 -0.0002
E37_56 N37P57 N37P56 N56P1 N56P61 -0.0005
E37_57 N37P58 N37P57 N57P1 N57P61 -0.0008
E37_58 N37P59 N37P58 N58P1 N58P61 -0.0014
E37_59 N37P60 N37P59 N59P1 N59P61 -0.0017
E37_60 N37P61 N37P60 N60P1 N60P61 -0.0158
R37 N37P61 N38P1 R=1
LAPLACE=+1/{K37}/(-S*S/4/3.14"2)"0.25
.param K37=4.9841e-05

Ctt37_38 N37P1 N38P1 16.72p

L38 N38P1 N38P2 0.1511u
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E38_1 N38P3 N38P2 N1P1 N1P61 0.0002
E38_2 N38P4 N38P3 N2P1 N2P61 0.0000
E38_3 N38P5 N38P4 N3P1 N3P61 0.0000
E38_4 N38P6 N38P5 N4P1 N4P61 0.0000
E38_5 N38P7 N38P6 N5P1 N5P61 0.0000
E38_6 N38P8 N38P7 N6P1 N6P61 -0.0000
E38_7 N38P9 N38P8 N7P1 N7P61 -0.0000
E38_8 N38P10 N38P9 N8P1 N8P61 0.0000
E38_9 N38P11 N38P10 N9P1 N9P61 -0.0000
E38_10 N38P12 N38P11 N10P1 N10P61 -0.0000
E38_11 N38P13 N38P12 N11P1 N11P61 -0.0000
E38_12 N38P14 N38P13 N12P1 N12P61 0.0002
E38_13 N38P15 N38P14 N13P1 N13P61 0.0004
E38_14 N38P16 N38P15 N14P1 N14P61 0.0000
E38_15 N38P17 N38P16 N15P1 N15P61 0.0000
E38_16 N38P18 N38P17 N16P1 N16P61 0.0000
E38_17 N38P19 N38P18 N17P1 N17P61 0.0000
E38_18 N38P20 N38P19 N18P1 N18P61 -0.0000
E38_19 N38P21 N38P20 N19P1 N19P61 -0.0000
E38_20 N38P22 N38P21 N20P1 N20P61 -0.0000
E38_21 N38P23 N38P22 N21P1 N21P61 -0.0001
E38_22 N38P24 N38P23 N22P1 N22P61 -0.0002
E38_23 N38P25 N38P24 N23P1 N23P61 -0.0006
E38_24 N38P26 N38P25 N24P1 N24P61 0.0004
E38_25 N38P27 N38P26 N25P1 N25P61 0.0048
E38_26 N38P28 N38P27 N26P1 N26P61 0.0100
E38_27 N38P29 N38P28 N27P1 N27P61 0.0036
E38_28 N38P30 N38P29 N28P1 N28P61 0.0007
E38_29 N38P31 N38P30 N29P1 N29P61 -0.0001
E38_30 N38P32 N38P31 N30P1 N30P61 -0.0000
E38_31 N38P33 N38P32 N31P1 N31P61 0.0000
E38_32 N38P34 N38P33 N32P1 N32P61 -0.0003
E38_33 N38P35 N38P34 N33P1 N33P61 0.0037
E38_34 N38P36 N38P35 N34P1 N34P61 -0.0482
E38_35 N38P37 N38P36 N35P1 N35P61 -0.2203
E38_36 N38P38 N38P37 N36P1 N36P61 -0.0420
E38_37 N38P39 N38P38 N37P1 N37P61 -0.2086
E38_39 N38P40 N38P39 N39P1 N39P61 -0.2279
E38_40 N38P41 N38P40 N40P1 N40P61 0.0109
E38_41 N38P42 N38P41 N41P1 N41P61 -0.0006
E38_42 N38P43 N38P42 N42P1 N42P61 0.0000
E38_43 N38P44 N38P43 N43P1 N43P61 0.0000
E38_44 N38P45 N38P44 N44P1 N44P61 -0.0003
E38_45 N38P46 N38P45 N45P1 N45P61 0.0037
E38_46 N38P47 N38P46 N46P1 N46P61 -0.0482
E38_47 N38P48 N38P47 N47P1 N47P61 -0.2203
E38_48 N38P49 N38P48 N48P1 N48P61 -0.0420
E38_49 N38P50 N38P49 N49P1 N49P61 0.0049
E38_50 N38P51 N38P50 N50P1 N50P61 0.0100
E38_51 N38P52 N38P51 N51P1 N51P61 0.0036
E38_52 N38P53 N38P52 N52P1 N52P61 0.0007
E38_53 N38P54 N38P53 N53P1 N53P61 -0.0001
E38_54 N38P55 N38P54 N54P1 N54P61 -0.0000
E38_55 N38P56 N38P55 N55P1 N55P61 0.0000
E38_56 N38P57 N38P56 N56P1 N56P61 0.0000
E38_57 N38P58 N38P57 N57P1 N57P61 -0.0000
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E38_58 N38P59 N38P58 N58P1 N58P61 -0.0002
E38_59 N38P60 N38P59 N59P1 N59P61 -0.0005
E38_60 N38P61 N38P60 N60P1 N60P61 0.0007
R38 N38P61 N39P1 R=1
LAPLACE=+1/{K38}/(-S*S/4/3.14"2)"0.25
.param K38=4.6709e-05

Ctt38_39 N38P1 N39P1 15.64p

L39 N39P1 N39P2 0.1409u

E39_1 N39P3 N39P2 N1P1 N1P61 -0.0000
E39_2 N39P4 N39P3 N2P1 N2P61 -0.0000
E39_3 N39P5 N39P4 N3P1 N3P61 -0.0000
E39_4 N39P6 N39P5 N4P1 N4P61 -0.0000
E39_5 N39P7 N39P6 N5P1 N5P61 -0.0000
E39_6 N39P8 N39P7 N6P1 N6P61 0.0000
E39_7 N39P9 N39P8 N7P1 N7P61 0.0000
E39_8 N39P10 N39P9 N8P1 N8P61 -0.0000
E39_9 N39P11 N39P10 N9P1 N9P61 -0.0000
E39_10 N39P12 N39P11 N10P1 N10P61 -0.0000
E39_11 N39P13 N39P12 N11P1 N11P61 0.0000
E39_12 N39P14 N39P13 N12P1 N12P61 -0.0000
E39_13 N39P15 N39P14 N13P1 N13P61 -0.0000
E39_14 N39P16 N39P15 N14P1 N14P61 0.0000
E39_15 N39P17 N39P16 N15P1 N15P61 0.0000
E39_16 N39P18 N39P17 N16P1 N16P61 0.0000
E39_17 N39P19 N39P18 N17P1 N17P61 0.0000
E39_18 N39P20 N39P19 N18P1 N18P61 0.0000
E39_19 N39P21 N39P20 N19P1 N19P61 -0.0000
E39_20 N39P22 N39P21 N20P1 N20P61 -0.0001
E39_21 N39P23 N39P22 N21P1 N21P61 -0.0003
E39_22 N39P24 N39P23 N22P1 N22P61 -0.0006
E39_23 N39P25 N39P24 N23P1 N23P61 -0.0002
E39_24 N39P26 N39P25 N24P1 N24P61 -0.0001
E39_25 N39P27 N39P26 N25P1 N25P61 0.0006
E39_26 N39P28 N39P27 N26P1 N26P61 0.0034
E39_27 N39P29 N39P28 N27P1 N27P61 0.0101
E39_28 N39P30 N39P29 N28P1 N28P61 0.0036
E39_29 N39P31 N39P30 N29P1 N29P61 0.0007
E39_30 N39P32 N39P31 N30P1 N30P61 -0.0001
E39_31 N39P33 N39P32 N31P1 N31P61 -0.0003
E39_32 N39P34 N39P33 N32P1 N32P61 0.0038
E39_33 N39P35 N39P34 N33P1 N33P61 -0.0484
E39_34 N39P36 N39P35 N34P1 N34P61 -0.2201
E39_35 N39P37 N39P36 N35P1 N35P61 -0.0450
E39_36 N39P38 N39P37 N36P1 N36P61 0.0031
E39_37 N39P39 N39P38 N37P1 N37P61 0.0092
E39_38 N39P40 N39P39 N38P1 N38P61 -0.2125
E39_40 N39P41 N39P40 N40P1 N40P61 -0.2284
E39_41 N39P42 N39P41 N41P1 N41P61 0.0109
E39_42 N39P43 N39P42 N42P1 N42P61 -0.0006
E39_43 N39P44 N39P43 N43P1 N43P61 -0.0003
E39_44 N39P45 N39P44 N44P1 N44P61 0.0038
E39_45 N39P46 N39P45 N45P1 N45P61 -0.0484
E39_46 N39P47 N39P46 N46P1 N46P61 -0.2201
E39_47 N39P48 N39P47 N47P1 N47P61 -0.0450
E39_48 N39P49 N39P48 N48P1 N48P61 0.0031
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E39 49 N39P50 N39P49 N49P1 N49P61 0.0006
E39 50 N39P51 N39P50 N50P1 N50P61 0.0034
E39 51 N39P52 N39P51 N51P1 N51P61 0.0101
E39 52 N39P53 N39P52 N52P1 N52P61 0.0036
E39 53 N39P54 N39P53 N53P1 N53P61 0.0007
E39 54 N39P55 N39P54 N54P1 N54P61 -0.0001
E39 55 N39P56 N39P55 N55P1 N55P61 -0.0000
E39 56 N39P57 N39P56 N56P1 N56P61 -0.0001
E39 57 N39P58 N39P57 N57P1 N57P61 -0.0002
E39 58 N39P59 N39P58 N58P1 N58P61 -0.0006
E39 59 N39P60 N39P59 N59P1 N59P61 -0.0002
E39_60 N39P61 N39P60 N60P1 N60P61 -0.0001
R39 N39P61 N40P1 R=1
LAPLACE=+1/{K39}/(-S*S/4/3.14"2)"0.25
Jparam K39=4.3576e-05

Ctt39_40 N39P1 N40P1 14.55p

L40 N40P1 N40P2 0.1308u

E40_1 N40P3 N40P2 N1P1 N1P61 0.0000
E40_2 N40P4 N40P3 N2P1 N2P61 0.0000
E40_3 N40P5 N40P4 N3P1 N3P61 0.0000
E40_4 N40P6 N40P5 N4P1 N4P61 0.0000
E40_5 N40P7 N40P6 N5P1 N5P61 0.0000
E40_6 N40P8 N40P7 N6P1 N6P61 -0.0000
E40_7 N40P9 N40P8 N7P1 N7P61 -0.0000
E40_8 N40P10 N40P9 N8P1 N8P61 -0.0000
E40_9 N40P11 N40P10 N9P1 N9P61 -0.0000
E40_10 N40P12 N40P11 N10P1 N10P61 -0.0000
E40_11 N40P13 N40P12 N11P1 N11P61 -0.0000
E40_12 N40P14 N40P13 N12P1 N12P61 0.0000
E40_13 N40P15 N40P14 N13P1 N13P61 0.0000
E40_14 N40P16 N40P15 N14P1 N14P61 0.0000
E40_15 N40P17 N40P16 N15P1 N15P61 0.0000
E40_16 N40P18 N40P17 N16P1 N16P61 0.0000
E40_17 N40P19 N40P18 N17P1 N17P61 0.0000
E40_18 N40P20 N40P19 N18P1 N18P61 -0.0000
E40_19 N40P21 N40P20 N19P1 N19P61 -0.0001
E40_20 N40P22 N40P21 N20P1 N20P61 -0.0002
E40_21 N40P23 N40P22 N21P1 N21P61 -0.0006
E40_22 N40P24 N40P23 N22P1 N22P61 -0.0002
E40_23 N40P25 N40P24 N23P1 N23P61 -0.0001
E40_24 N40P26 N40P25 N24P1 N24P61 -0.0000
E40_25 N40P27 N40P26 N25P1 N25P61 -0.0000
E40_26 N40P28 N40P27 N26P1 N26P61 0.0006
E40_27 N40P29 N40P28 N27P1 N27P61 0.0034
E40_28 N40P30 N40P29 N28P1 N28P61 0.0101
E40_29 N40P31 N40P30 N29P1 N29P61 0.0036
E40_30 N40P32 N40P31 N30P1 N30P61 0.0006
E40_31 N40P33 N40P32 N31P1 N31P61 0.0036
E40_32 N40P34 N40P33 N32P1 N32P61 -0.0485
E40_33 N40P35 N40P34 N33P1 N33P61 -0.2201
E40_34 N40P36 N40P35 N34P1 N34P61 -0.0449
E40_35 N40P37 N40P36 N35P1 N35P61 0.0032
E40_36 N40P38 N40P37 N36P1 N36P61 -0.0002
E40_37 N40P39 N40P38 N37P1 N37P61 -0.0005
E40_38 N40P40 N40P39 N38P1 N38P61 0.0094
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E40_39 N40P41 N40P40 N39P1 N39P61 -0.2120
E40_41 N40P42 N40P41 N41P1 N41P61 -0.2291
E40_42 N40P43 N40P42 N42P1 N42P61 0.0107
E40_43 N40P44 N40P43 N43P1 N43P61 0.0036
E40_44 N40P45 N40P44 N44P1 N44P61 -0.0485
E40_45 N40P46 N40P45 N45P1 N45P61 -0.2201
E40_46 N40P47 N40P46 N46P1 N46P61 -0.0449
E40_47 N40P48 N40P47 N47P1 N47P61 0.0032
E40_48 N40P49 N40P48 N48P1 N48P61 -0.0002
E40_49 N40P50 N40P49 N49P1 N49P61 -0.0000
E40_50 N40P51 N40P50 N50P1 N50P61 0.0006
E40_51 N40P52 N40P51 N51P1 N51P61 0.0034
E40_52 N40P53 N40P52 N52P1 N52P61 0.0101
E40_53 N40P54 N40P53 N53P1 N53P61 0.0036
E40_54 N40P55 N40P54 N54P1 N54P61 0.0006
E40_55 N40P56 N40P55 N55P1 N55P61 -0.0001
E40_56 N40P57 N40P56 N56P1 N56P61 -0.0002
E40_57 N40P58 N40P57 N57P1 N57P61 -0.0006
E40_58 N40P59 N40P58 N58P1 N58P61 -0.0002
E40_59 N40P60 N40P59 N59P1 N59P61 -0.0000
E40_60 N40P61 N40P60 N60P1 N60P61 -0.0000
R40 N40P61 N41P1 R=1
LAPLACE=+1/{K40}/(-S*S/4/3.14"2)"0.25
.param K40=4.0443e-05

Ctt40_41 N40P1 N41P1 13.47p

L41 N41P1 N41P2 0.1207u

E41_1 N41P3 N41P2 N1P1 N1P61 -0.0000
E41_2 N41P4 N41P3 N2P1 N2P61 -0.0000
E41_3 N41P5 N41P4 N3P1 N3P61 -0.0000
E41_4 N41P6 N41P5 N4P1 N4P61 -0.0000
E41_5 N41P7 N41P6 N5P1 N5P61 -0.0000
E41_6 N41P8 N41P7 N6P1 N6P61 0.0001
E41_7 N41P9 N41P8 N7P1 N7P61 0.0002
E41_8 N41P10 N41P9 N8P1 N8P61 -0.0000
E41_9 N41P11 N41P10 N9P1 N9P61 0.0000
E41_10 N41P12 N41P11 N10P1 N10P61 0.0000
E41_11 N41P13 N41P12 N11P1 N11P61 0.0000
E41_12 N41P14 N41P13 N12P1 N12P61 -0.0000
E41_13 N41P15 N41P14 N13P1 N13P61 -0.0000
E41_14 N41P16 N41P15 N14P1 N14P61 0.0000
E41_15 N41P17 N41P16 N15P1 N15P61 0.0000
E41_16 N41P18 N41P17 N16P1 N16P61 0.0000
E41_17 N41P19 N41P18 N17P1 N17P61 0.0000
E41_18 N41P20 N41P19 N18P1 N18P61 0.0003
E41_19 N41P21 N41P20 N19P1 N19P61 0.0004
E41_20 N41P22 N41P21 N20P1 N20P61 -0.0006
E41_21 N41P23 N41P22 N21P1 N21P61 -0.0002
E41_22 N41P24 N41P23 N22P1 N22P61 -0.0001
E41_23 N41P25 N41P24 N23P1 N23P61 -0.0000
E41_24 N41P26 N41P25 N24P1 N24P61 -0.0000
E41_25N41P27 N41P26 N25P1 N25P61 -0.0000
E41_26 N41P28 N41P27 N26P1 N26P61 -0.0000
E41_27 N41P29 N41P28 N27P1 N27P61 0.0006
E41_28 N41P30 N41P29 N28P1 N28P61 0.0034
E41_29 N41P31 N41P30 N29P1 N29P61 0.0100
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E41_30 N41P32 N41P31 N30P1 N30P61 0.0051
E41_31 N41P33 N41P32 N31P1 N31P61 -0.0454
E41_32 N41P34 N41P33 N32P1 N32P61 -0.2203
E41 33 N41P35N41P34 N33P1 N33P61 -0.0448
E41 34 N41P36 N41P35 N34P1 N34P61 0.0032
E41 35N41P37 N41P36 N35P1 N35P61 -0.0002
E41 36 N41P38 N41P37 N36P1 N36P61 0.0000
E41 37 N41P39 N41P38 N37P1 N37P61 0.0000
E41 38 N41P40 N41P39 N38P1 N38P61 -0.0005
E41_39 N41P41 N41P40 N39P1 N39P61 0.0093
E41_40 N41P42 N41P41 N40P1 N40P61 -0.2114
E41_42 N41P43 N41P42 N42P1 N42P61 -0.2252
E41_43 N41P44 N41P43 N43P1 N43P61 -0.0454
E41_44 N41P45 N41P44 N44P1 N44P61 -0.2203
E41_45 N41P46 N41P45 N45P1 N45P61 -0.0448
E41 46 N41P47 N41P46 N46P1 N46P61 0.0032
E41 47 NA1P48 N41P47 N47P1 N47P61 -0.0002
E41 48 N41P49 N41P48 N48P1 N48P61 0.0000
E41 49 N41P50 N41P49 N49P1 N49P61 -0.0000
E41 50 N41P51 N41P50 N50P1 N50P61 -0.0000
E41 51 N41P52 N41P51 N51P1 N51P61 0.0006
E41 52 N41P53 N41P52 N52P1 N52P61 0.0034
E41 53 N41P54 N41P53 N53P1 N53P61 0.0100
E41 54 N41P55 N41P54 N54P1 N54P61 0.0052
E41 55 N41P56 N41P55 N55P1 N55P61 0.0006
E41 56 N41P57 N41P56 N56P1 N56P61 -0.0005
E41 57 N41P58 N41P57 N57P1 N57P61 -0.0002
E41 58 N41P59 N41P58 N58P1 N58P61 -0.0000
E41 59 N41P60 N41P59 N59P1 N59P61 -0.0000
E41 60 N41P61 N41P60 N60P1 N60P61 -0.0000
R41 N41P61 N42P1 R=1
LAPLACE=+1/{K41}/(-S*S/4/3.14"2)"0.25
.Jparam K41=3.7311e-05

Ctt41_42 N41P1 N42P1 12.38p

L42 N42P1 N42P2 0.1212u

E42_1 N42P3 N42P2 N1P1 N1P61 0.0007
E42_2 N42P4 N42P3 N2P1 N2P61 0.0003
E42_3 N42P5 N42P4 N3P1 N3P61 0.0002
E42_4 N42P6 N42P5 N4P1 N4P61 0.0002
E42_5 N42P7 N42P6 N5P1 N5P61 0.0001
E42_6 N42P8 N42P7 N6P1 N6P61 -0.0017
E42_7 N42P9 N42P8 N7P1 N7P61 -0.0027
E42_8 N42P10 N42P9 N8P1 N8P61 0.0002
E42_9 N42P11 N42P10 N9P1 N9P61 -0.0000
E42_10 N42P12 N42P11 N10P1 N10P61 -0.0000
E42_11 N42P13 N42P12 N11P1 N11P61 -0.0000
E42_12 N42P14 N42P13 N12P1 N12P61 0.0002
E42_13 N42P15 N42P14 N13P1 N13P61 0.0002
E42_14 N42P16 N42P15 N14P1 N14P61 -0.0000
E42_15 N42P17 N42P16 N15P1 N15P61 0.0000
E42_16 N42P18 N42P17 N16P1 N16P61 -0.0000
E42_17 N42P19 N42P18 N17P1 N17P61 0.0003
E42_18 N42P20 N42P19 N18P1 N18P61 -0.0047
E42_19 N42P21 N42P20 N19P1 N19P61 -0.0098
E42_20 N42P22 N42P21 N20P1 N20P61 0.0004
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E42_21 N42P23 N42P22 N21P1 N21P61 -0.0001
E42_22 N42P24 N42P23 N22P1 N22P61 -0.0000
E42_23 N42P25 N42P24 N23P1 N23P61 -0.0000
E42 24 N42P26 N42P25 N24P1 N24P61 0.0002
E42_ 25 N42P27 N42P26 N25P1 N25P61 0.0002
E42 26 N42P28 N42P27 N26P1 N26P61 -0.0000
E42_27 N42P29 N42P28 N27P1 N27P61 -0.0000
E42 28 N42P30 N42P29 N28P1 N28P61 0.0006
E42 29 N42P31 N42P30 N29P1 N29P61 0.0052
E42_30 N42P32 N42P31 N30P1 N30P61 -0.0107
E42_31 N42P33 N42P32 N31P1 N31P61 -0.2997
E42_32 N42P34 N42P33 N32P1 N32P61 -0.0456
E42_33 N42P35 N42P34 N33P1 N33P61 0.0033
E42_34 N42P36 N42P35 N34P1 N34P61 -0.0002
E42_35 N42P37 N42P36 N35P1 N35P61 0.0000
E42_ 36 N42P38 N42P37 N36P1 N36P61 0.0002
E42 37 N42P39 N42P38 N37P1 N37P61 0.0002
E42 38 N42P40 N42P39 N38P1 N38P61 0.0000
E42 39 N42P41 N42P40 N39P1 N39P61 -0.0005
E42_40 N42P42 N42P41 N40P1 N40P61 0.0099
E42 41 N42P43 N42P42 N41P1 N41P61 -0.2261
E42_43 N42P44 N42P43 N43P1 N43P61 -0.2998
E42_44 N42P45 N42P44 N44P1 N44P61 -0.0456
E42_45 N42P46 N42P45 N45P1 N45P61 0.0033
E42_46 N42P47 N42P46 N46P1 N46P61 -0.0002
E42_47 N42P48 N42P47 N47P1 N47P61 0.0000
E42 48 N42P49 N42P48 N48P1 N48P61 0.0002
E42_49 N42P50 N42P49 N49P1 N49P61 0.0002
E42 50 N42P51 N42P50 N50P1 N50P61 -0.0000
E42 51 N42P52 N42P51 N51P1 N51P61 -0.0000
E42 52 N42P53 N42P52 N52P1 N52P61 0.0006
E42 53 N42P54 N42P53 N53P1 N53P61 0.0053
E42_54 N42P55 N42P54 N54P1 N54P61 -0.0108
E42_55 N42P56 N42P55 N55P1 N55P61 -0.0126
E42_56 N42P57 N42P56 N56P1 N56P61 -0.0008
E42_57 N42P58 N42P57 N57P1 N57P61 -0.0005
E42_58 N42P59 N42P58 N58P1 N58P61 -0.0002
E42_59 N42P60 N42P59 N59P1 N59P61 -0.0000
E42 60 N42P61 N42P60 N60P1 N60P61 0.0003
R42 N42P61 N43P1 R=1
LAPLACE=+1/{K42}/(-S*S/4/3.14"2)"0.25
.param K42=3.4178e-05

L43 N43P1 N43P2 0.1212u

E43_1 N43P3 N43P2 N1P1 N1P61 0.0007
E43_2 N43P4 N43P3 N2P1 N2P61 0.0003
E43_3 N43P5 N43P4 N3P1 N3P61 0.0003
E43_4 N43P6 N43P5 N4P1 N4P61 0.0003
E43_5 N43P7 N43P6 N5P1 N5P61 0.0003
E43_6 N43P8 N43P7 N6P1 N6P61 -0.0006
E43_7 N43P9 N43P8 N7P1 N7P61 -0.0015
E43_8 N43P10 N43P9 N8P1 N8P61 0.0001
E43_9 N43P11 N43P10 N9P1 N9P61 -0.0000
E43_10 N43P12 N43P11 N10P1 N10P61 -0.0000
E43_11 N43P13 N43P12 N11P1 N11P61 -0.0000
E43_12 N43P14 N43P13 N12P1 N12P61 0.0003

E43 13 N43P15 N43P14 N13P1 N13P61 0.0002
E43 14 N43P16 N43P15 N14P1 N14P61 -0.0000
E43_15 N43P17 N43P16 N15P1 N15P61 0.0000
E43_16 N43P18 N43P17 N16P1 N16P61 -0.0000
E43_17 N43P19 N43P18 N17P1 N17P61 0.0002
E43_18 N43P20 N43P19 N18P1 N18P61 -0.0027
E43_19 N43P21 N43P20 N19P1 N19P61 -0.0047
E43_20 N43P22 N43P21 N20P1 N20P61 0.0003
E43_21 N43P23 N43P22 N21P1 N21P61 -0.0000
E43 22 N43P24 N43P23 N22P1 N22P61 0.0000
E43 23 N43P25 N43P24 N23P1 N23P61 -0.0000
E43 24 N43P26 N43P25 N24P1 N24P61 0.0002
E43_25 N43P27 N43P26 N25P1 N25P61 0.0002
E43 26 N43P28 N43P27 N26P1 N26P61 -0.0000
E43 27 N43P29 N43P28 N27P1 N27P61 -0.0000
E43_28 N43P30 N43P29 N28P1 N28P61 -0.0001
E43_29 N43P31 N43P30 N29P1 N29P61 0.0004
E43_30 N43P32 N43P31 N30P1 N30P61 -0.0098
E43_31 N43P33 N43P32 N31P1 N31P61 -0.0107
E43_32 N43P34 N43P33 N32P1 N32P61 0.0052
E43 33 N43P35 N43P34 N33P1 N33P61 0.0006
E43_34 N43P36 N43P35 N34P1 N34P61 -0.0000
E43_35N43P37 N43P36 N35P1 N35P61 -0.0000
E43 36 N43P38 N43P37 N36P1 N36P61 0.0002
E43_37 N43P39 N43P38 N37P1 N37P61 0.0002
E43_38 N43P40 N43P39 N38P1 N38P61 0.0000
E43_39 N43P41 N43P40 N39P1 N39P61 -0.0002
E43_40 N43P42 N43P41 N40P1 N40P61 0.0033
E43_41 N43P43 N43P42 N41P1 N41P61 -0.0456
E43_42 N43P44 N43P43 N42P1 N42P61 -0.2999
E43_44 N43P45 N43P44 N44P1 N44P61 -0.2262
E43_45 N43P46 N43P45 N45P1 N45P61 0.0099
E43_46 N43P47 N43P46 N46P1 N46P61 -0.0005
E43_47 N43P48 N43P47 N47P1 N47P61 0.0000
E43_48 N43P49 N43P48 N48P1 N48P61 0.0002
E43_49 N43P50 N43P49 N49P1 N49P61 0.0002
E43_50 N43P51 N43P50 N50P1 N50P61 0.0000
E43 51 N43P52 N43P51 N51P1 N51P61 -0.0002
E43_52 N43P53 N43P52 N52P1 N52P61 0.0034
E43_53 N43P54 N43P53 N53P1 N53P61 -0.0454
E43_54 N43P55 N43P54 N54P1 N54P61 -0.3002
E43 55 N43P56 N43P55 N55P1 N55P61 -0.0166
E43_56 N43P57 N43P56 N56P1 N56P61 0.0027
E43 57 N43P58 N43P57 N57P1 N57P61 -0.0005
E43_58 N43P59 N43P58 N58P1 N58P61 -0.0006
E43_59 N43P60 N43P59 N59P1 N59P61 -0.0003
E43_60 N43P61 N43P60 N60P1 N60P61 0.0001
R43 N43P61 N44P1 R=1
LAPLACE=+1/{K43}/(-S*S/4/3.14"2)"0.25
.param K43=3.4178e-05

Ctt43_44 N43P1 N44P1 12.38p

L44 N44P1 N44P2 0.1207u

E44 1 N44P3 N44P2 N1P1 N1P61 -0.0000
E44 2 N44P4 N44P3 N2P1 N2P61 -0.0000
E44_3 N44P5 N44P4 N3P1 N3P61 -0.0000
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E44_4 N44P6 N44P5 N4P1 N4P61 -0.0000
E44_5 N44P7 N44P6 N5P1 N5P61 -0.0000
E44_6 N44P8 N44P7 N6P1 N6P61 0.0000
E44_7 N44P9 N44P8 N7P1 N7P61 0.0001
E44_8 N44P10 N44P9 N8P1 N8P61 -0.0000
E44_9 N44P11 N44P10 N9P1 N9P61 0.0000
E44_10 N44P12 N44P11 N10P1 N10P61 0.0000
E44 11 N44P13 N44P12 N11P1 N11P61 0.0000
E44 12 N44P14 N44P13 N12P1 N12P61 -0.0000
E44_13 N44P15 N44P14 N13P1 N13P61 -0.0000
E44_14 N44P16 N44P15 N14P1 N14P61 0.0000
E44_15 N44P17 N44P16 N15P1 N15P61 -0.0000
E44_16 N44P18 N44P17 N16P1 N16P61 -0.0000
E44_17 N44P19 N44P18 N17P1 N17P61 -0.0000
E44_18 N44P20 N44P19 N18P1 N18P61 0.0002
E44_19 N44P21 N44P20 N19P1 N19P61 0.0003
E44_20 N44P22 N44P21 N20P1 N20P61 0.0000
E44 21 N44P23 N44P22 N21P1 N21P61 0.0000
E44 22 N44P24 N44P23 N22P1 N22P61 0.0000
E44_23 N44P25 N44P24 N23P1 N23P61 0.0000
E44_24 N44P26 N44P25 N24P1 N24P61 -0.0000
E44_25 N44P27 N44P26 N25P1 N25P61 -0.0000
E44_26 N44P28 N44P27 N26P1 N26P61 -0.0000
E44_27 N44P29 N44P28 N27P1 N27P61 -0.0001
E44_28 N44P30 N44P29 N28P1 N28P61 -0.0002
E44_29 N44P31 N44P30 N29P1 N29P61 -0.0006
E44_30 N44P32 N44P31 N30P1 N30P61 0.0004
E44_31 N44P33 N44P32 N31P1 N31P61 0.0051
E44_32 N44P34 N44P33 N32P1 N32P61 0.0100
E44_33 N44P35 N44P34 N33P1 N33P61 0.0034
E44_34 N44P36 N44P35 N34P1 N34P61 0.0006
E44_35 N44P37 N44P36 N35P1 N35P61 -0.0000
E44_36 N44P38 N44P37 N36P1 N36P61 -0.0000
E44_37 N44P39 N44P38 N37P1 N37P61 0.0000
E44_38 N44P40 N44P39 N38P1 N38P61 -0.0002
E44_39 N44P41 N44P40 N39P1 N39P61 0.0032
E44_40 N44P42 N44P41 N40P1 N40P61 -0.0448
E44_41 N44P43 N44P42 N41P1 N41P61 -0.2203
E44 42 N44P44 N44P43 N42P1 N42P61 -0.0454
E44 43 N44P45 N44P44 N43P1 N43P61 -0.2252
E44 45 N44P46 N44P45 N45P1 N45P61 -0.2114
E44_46 N44P47 N44P46 N46P1 N46P61 0.0093
E44 47 N44P48 N44P47 N47P1 N47P61 -0.0005
E44_48 N44P49 N44P48 N48P1 N48P61 0.0000
E44_49 N44P50 N44P49 N49P1 N49P61 0.0000
E44_50 N44P51 N44P50 N50P1 N50P61 -0.0002
E44_51 N44P52 N44P51 N51P1 N51P61 0.0032
E44_52 N44P53 N44P52 N52P1 N52P61 -0.0447
E44_53 N44P54 N44P53 N53P1 N53P61 -0.2203
E44_54 N44P55 N44P54 N54P1 N54P61 -0.0454
E44_55 N44P56 N44P55 N55P1 N55P61 0.0053
E44_56 N44P57 N44P56 N56P1 N56P61 0.0099
E44_57 N44P58 N44P57 N57P1 N57P61 0.0032
E44_58 N44P59 N44P58 N58P1 N58P61 0.0006
E44_59 N44P60 N44P59 N59P1 N59P61 -0.0001
E44_60 N44P61 N44P60 N60P1 N60P61 -0.0000
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R44 N44P61 N45P1 R=1
LAPLACE=+1/{K44}/(-S*S/4/3.14"2)"0.25
Jparam K44=3.7311e-05

Ctt44_45 N44P1 N45P1 13.47p

L45 N45P1 N45P2 0.1308u

E45_1 N45P3 N45P2 N1P1 N1P61 0.0000
E45_2 N45P4 N45P3 N2P1 N2P61 0.0000
E45_3 N45P5 N45P4 N3P1 N3P61 0.0000
E45_4 N45P6 N45P5 N4P1 N4P61 0.0000
E45_5 N45P7 N45P6 N5P1 N5P61 0.0000
E45_6 N45P8 N45P7 N6P1 N6P61 0.0000
E45_7 N45P9 N45P8 N7P1 N7P61 -0.0000
E45_8 N45P10 N45P9 N8P1 N8P61 0.0000
E45_9 N45P11 N45P10 N9P1 N9P61 -0.0000
E45_10 N45P12 N45P11 N10P1 N10P61 -0.0000
E45_11 N45P13 N45P12 N11P1 N11P61 -0.0000
E45_12 N45P14 N45P13 N12P1 N12P61 0.0000
E45_13 N45P15 N45P14 N13P1 N13P61 0.0000
E45_14 N45P16 N45P15 N14P1 N14P61 -0.0000
E45_15N45P17 N45P16 N15P1 N15P61 -0.0000
E45_16 N45P18 N45P17 N16P1 N16P61 -0.0000
E45_17 N45P19 N45P18 N17P1 N17P61 -0.0000
E45_18 N45P20 N45P19 N18P1 N18P61 -0.0000
E45_19 N45P21 N45P20 N19P1 N19P61 -0.0000
E45_20 N45P22 N45P21 N20P1 N20P61 0.0000
E45_21 N45P23 N45P22 N21P1 N21P61 0.0000
E45_22 N45P24 N45P23 N22P1 N22P61 0.0000
E45_23 N45P25 N45P24 N23P1 N23P61 0.0000
E45_24 N45P26 N45P25 N24P1 N24P61 0.0000
E45_25 N45P27 N45P26 N25P1 N25P61 -0.0000
E45_26 N45P28 N45P27 N26P1 N26P61 -0.0001
E45_27 N45P29 N45P28 N27P1 N27P61 -0.0002
E45_28 N45P30 N45P29 N28P1 N28P61 -0.0006
E45_29 N45P31 N45P30 N29P1 N29P61 -0.0002
E45_30 N45P32 N45P31 N30P1 N30P61 -0.0001
E45_31 N45P33 N45P32 N31P1 N31P61 0.0006
E45_32 N45P34 N45P33 N32P1 N32P61 0.0036
E45_33 N45P35 N45P34 N33P1 N33P61 0.0101
E45_34 N45P36 N45P35 N34P1 N34P61 0.0034
E45_35 N45P37 N45P36 N35P1 N35P61 0.0006
E45_36 N45P38 N45P37 N36P1 N36P61 -0.0000
E45_37 N45P39 N45P38 N37P1 N37P61 -0.0002
E45_38 N45P40 N45P39 N38P1 N38P61 0.0032
E45_39 N45P41 N45P40 N39P1 N39P61 -0.0449
E45_40 N45P42 N45P41 N40P1 N40P61 -0.2201
E45_41 N45P43 N45P42 N41P1 N41P61 -0.0485
E45_42 N45P44 N45P43 N42P1 N42P61 0.0036
E45_43 N45P45 N45P44 N43P1 N43P61 0.0107
E45_44 N45P46 N45P45 N44P1 N44P61 -0.2291
E45_46 N45P47 N45P46 N46P1 N46P61 -0.2120
E45_47 N45P48 N45P47 N47P1 N47P61 0.0094
E45_48 N45P49 N45P48 N48P1 N48P61 -0.0005
E45_49 N45P50 N45P49 N49P1 N49P61 -0.0002
E45_50 N45P51 N45P50 N50P1 N50P61 0.0032
E45_51 N45P52 N45P51 N51P1 N51P61 -0.0449
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E45_52 N45P53 N45P52 N52P1 N52P61 -0.2200
E45_53 N45P54 N45P53 N53P1 N53P61 -0.0485
E45_54 N45P55 N45P54 N54P1 N54P61 0.0036
E45_55 N45P56 N45P55 N55P1 N55P61 0.0005
E45 56 N45P57 N45P56 N56P1 N56P61 0.0034
E45 57 N45P58 N45P57 N57P1 N57P61 0.0098
E45_58 N45P59 N45P58 N58P1 N58P61 0.0032
E45_59 N45P60 N45P59 N59P1 N59P61 0.0005
E45 60 N45P61 N45P60 N60P1 N60P61 -0.0001
R45 N45P61 N46P1 R=1
LAPLACE=+1/{K45}/(-S*S/4/3.14"2)"0.25
param K45=4.0443e-05

Ctt45_46 N45P1 N46P1 14.55p

L46 N46P1 N46P2 0.1409u

E46_1 N46P3 N46P2 N1P1 N1P61 -0.0000
E46_2 N46P4 N46P3 N2P1 N2P61 -0.0000
E46_3 N46P5 N46P4 N3P1 N3P61 -0.0000
E46_4 N46P6 N46P5 N4P1 N4P61 0.0000
E46_5 N46P7 N46P6 NSP1 N5P61 0.0000
E46_6 N46P8 N46P7 N6P1 N6P61 0.0000
E46_7 N46P9 N46P8 N7P1 N7P61 0.0000
E46_8 N46P10 N46P9 N8P1 N8P61 -0.0000
E46_9 N46P11 N46P10 N9P1 N9P61 0.0000
E46_10 N46P12 N46P11 N10P1 N10P61 0.0000
E46_11 N46P13 N46P12 N11P1 N11P61 0.0000
E46_12 N46P14 N46P13 N12P1 N12P61 -0.0000
E46_13 N46P15 N46P14 N13P1 N13P61 -0.0000
E46_14 N46P16 N46P15 N14P1 N14P61 0.0000
E46_15 N46P17 N46P16 N15P1 N15P61 -0.0000
E46_16 N46P18 N46P17 N16P1 N16P61 -0.0000
E46_17 N46P19 N46P18 N17P1 N17P61 -0.0000
E46_18 N46P20 N46P19 N18P1 N18P61 0.0000
E46_19 N46P21 N46P20 N19P1 N19P61 0.0000
E46_20 N46P22 N46P21 N20P1 N20P61 0.0000
E46_21 N46P23 N46P22 N21P1 N21P61 0.0000
E46_22 N46P24 N46P23 N22P1 N22P61 0.0000
E46_23 N46P25 N46P24 N23P1 N23P61 0.0000
E46_24 N46P26 N46P25 N24P1 N24P61 -0.0000
E46_25 N46P27 N46P26 N25P1 N25P61 -0.0001
E46_26 N46P28 N46P27 N26P1 N26P61 -0.0002
E46_27 N46P29 N46P28 N27P1 N27P61 -0.0006
E46_28 N46P30 N46P29 N28P1 N28P61 -0.0003
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E46_44 N46P46 N46P45 N44P1 N44P61 0.0109
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E47_26 N47P28 N47P27 N26P1 N26P61 -0.0006
E47_27 N47P29 N47P28 N27P1 N27P61 -0.0002
E47_28 N47P30 N47P29 N28P1 N28P61 -0.0001
E47_29 N47P31 N47P30 N29P1 N29P61 -0.0000
E47_30 N47P32 N47P31 N30P1 N30P61 -0.0000
E47_31 N47P33 N47P32 N31P1 N31P61 -0.0000
E47_32 N47P34 N47P33 N32P1 N32P61 -0.0001



APPENDICES

E47_33 N47P35 N47P34 N33P1 N33P61 0.0007
E47_34 N47P36 N47P35 N34P1 N34P61 0.0036
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E51_30 N51P32 N51P31 N30P1 N30P61 -0.0000
E51_31 N51P33 N51P32 N31P1 N31P61 -0.0000
E51_32 N51P34 N51P33 N32P1 N32P61 -0.0001
E51_33 N51P35 N51P34 N33P1 N33P61 -0.0003
E51_34 N51P36 N51P35 N34P1 N34P61 -0.0006
E51_35 N51P37 N51P36 N35P1 N35P61 -0.0002
E51_36 N51P38 N51P37 N36P1 N36P61 -0.0001
E51_37 N51P39 N51P38 N37P1 N37P61 0.0006
E51_38 N51P40 N51P39 N38P1 N38P61 0.0034
E51_39 N51P41 N51P40 N39P1 N39P61 0.0101
E51_40 N51P42 N51P41 N40P1 N40P61 0.0036
E51_41 N51P43 N51P42 N41P1 N41P61 0.0007
E51_42 N51P44 N51P43 N42P1 N42P61 -0.0000
E51_43 N51P45 N51P44 N43P1 N43P61 -0.0002
E51_44 N51P46 N51P45 N44P1 N44P61 0.0038
E51_45 N51P47 N51P46 N45P1 N45P61 -0.0484
E51_46 N51P48 N51P47 N46P1 N46P61 -0.2201
E51_47 N51P49 N51P48 N47P1 N47P61 -0.0450
E51_48 N51P50 N51P49 N48P1 N48P61 0.0032
E51_49 N51P51 N51P50 N49P1 N49P61 0.0093
E51_50 N51P52 N51P51 N50P1 N50P61 -0.2128
E51_52 N51P53 N51P52 N52P1 N52P61 -0.2287
E51_53 N51P54 N51P53 N53P1 N53P61 0.0108
E51_54 N51P55 N51P54 N54P1 N54P61 -0.0006
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E51 55 N51P56 N51P55 N55P1 N55P61 0.0007
E51 56 N51P57 N51P56 N56P1 N56P61 0.0054
E51 57 N51P58 N51P57 N57P1 N57P61 -0.0451
E51 58 N51P59 N51P58 N58P1 N58P61 -0.2155
E51 59 N51P60 N51P59 N59P1 N59P61 -0.0419
E51 60 N51P61 N51P60 N60P1 N60P61 0.0049
R51 N51P61 N52P1 R=1
LAPLACE=+1/{K51}/(-S*S/4/3.14"2)"0.25
.param K51=4.3576e-05

Ctt51_52 N51P1 N52P1 14.55p

L52 N52P1 N52P2 0.1308u

E52_1 N52P3 N52P2 N1P1 N1P61 -0.0000
E52_2 N52P4 N52P3 N2P1 N2P61 -0.0000
E52_3 N52P5 N52P4 N3P1 N3P61 -0.0000
E52_4 N52P6 N52P5 N4P1 N4P61 -0.0000
E52_5 N52P7 N52P6 N5P1 N5P61 -0.0000
E52_6 N52P8 N52P7 N6P1 N6P61 -0.0001
E52_7 N52P9 N52P8 N7P1 N7P61 -0.0000
E52_8 N52P10 N52P9 N8P1 N8P61 0.0000
E52_9 N52P11 N52P10 N9P1 N9P61 0.0000
E52_10 N52P12 N52P11 N10P1 N10P61 0.0000
E52_11 N52P13 N52P12 N11P1 N11P61 0.0000
E52_12 N52P14 N52P13 N12P1 N12P61 0.0000
E52_13 N52P15 N52P14 N13P1 N13P61 0.0000
E52_14 N52P16 N52P15 N14P1 N14P61 -0.0000
E52_15 N52P17 N52P16 N15P1 N15P61 0.0000
E52_16 N52P18 N52P17 N16P1 N16P61 -0.0000
E52_17 N52P19 N52P18 N17P1 N17P61 0.0000
E52_18 N52P20 N52P19 N18P1 N18P61 -0.0000
E52_19 N52P21 N52P20 N19P1 N19P61 -0.0000
E52_20 N52P22 N52P21 N20P1 N20P61 0.0000
E52_21 N52P23 N52P22 N21P1 N21P61 -0.0000
E52_22 N52P24 N52P23 N22P1 N22P61 -0.0000
E52_23 N52P25 N52P24 N23P1 N23P61 -0.0000
E52_24 N52P26 N52P25 N24P1 N24P61 0.0000
E52_25 N52P27 N52P26 N25P1 N25P61 0.0000
E52_26 N52P28 N52P27 N26P1 N26P61 0.0000
E52_27 N52P29 N52P28 N27P1 N27P61 0.0000
E52_28 N52P30 N52P29 N28P1 N28P61 0.0000
E52_29 N52P31 N52P30 N29P1 N29P61 0.0000
E52_30 N52P32 N52P31 N30P1 N30P61 -0.0000
E52_31 N52P33 N52P32 N31P1 N31P61 -0.0001
E52_32 N52P34 N52P33 N32P1 N32P61 -0.0002
E52_33 N52P35 N52P34 N33P1 N33P61 -0.0006
E52_34 N52P36 N52P35 N34P1 N34P61 -0.0002
E52_35 N52P37 N52P36 N35P1 N35P61 -0.0001
E52_36 N52P38 N52P37 N36P1 N36P61 0.0000
E52_37 N52P39 N52P38 N37P1 N37P61 -0.0000
E52_38 N52P40 N52P39 N38P1 N38P61 0.0006
E52_39 N52P41 N52P40 N39P1 N39P61 0.0034
E52_40 N52P42 N52P41 N40P1 N40P61 0.0101
E52_41 N52P43 N52P42 N41P1 N41P61 0.0036
E52_42 N52P44 N52P43 N42P1 N42P61 0.0007
E52_43 N52P45 N52P44 N43P1 N43P61 0.0037
E52_44 N52P46 N52P45 N44P1 N44P61 -0.0485
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E52_45 N52P47 N52P46 N45P1 N45P61 -0.2201
E52_46 N52P48 N52P47 N46P1 N46P61 -0.0449
E52_47 N52P49 N52P48 N47P1 N47P61 0.0032
E52_48 N52P50 N52P49 N48P1 N48P61 -0.0001
E52_49 N52P51 N52P50 N49P1 N49P61 -0.0004
E52_50 N52P52 N52P51 N50P1 N50P61 0.0093
E52_ 51 N52P53 N52P52 N51P1 N51P61 -0.2122
E52 53 N52P54 N52P53 N53P1 N53P61 -0.2294
E52_ 54 N52P55 N52P54 N54P1 N54P61 0.0107
E52_55 N52P56 N52P55 N55P1 N55P61 0.0056
E52_56 N52P57 N52P56 N56P1 N56P61 -0.0452
E52_57 N52P58 N52P57 N57P1 N57P61 -0.2155
E52_58 N52P59 N52P58 N58P1 N58P61 -0.0418
E52_59 N52P60 N52P59 N59P1 N59P61 0.0047
E52_60 N52P61 N52P60 N60P1 N60P61 0.0006
R52 N52P61 N53P1 R=1
LAPLACE=+1/{K52}/(-S*S/4/3.14"2)"0.25
.param K52=4.0443e-05

Ctt52_53 N52P1 N53P1 13.47p

L53 N53P1 N53P2 0.1207u

E53_1 N53P3 N53P2 N1P1 N1P61 -0.0001
E53_2 N53P4 N53P3 N2P1 N2P61 -0.0000
E53_3 N53P5 N53P4 N3P1 N3P61 -0.0000
E53_4 N53P6 N53P5 N4P1 N4P61 -0.0000
E53_5 N53P7 N53P6 N5P1 N5P61 -0.0000
E53_6 N53P8 N53P7 N6P1 N6P61 -0.0001
E53_7 N53P9 N53P8 N7P1 N7P61 0.0000
E53_8 N53P10 N53P9 N8P1 N8P61 0.0000
E53_9 N53P11 N53P10 N9P1 N9P61 0.0000
E53_10 N53P12 N53P11 N10P1 N10P61 0.0000
E53_11 N53P13 N53P12 N11P1 N11P61 0.0000
E53_12 N53P14 N53P13 N12P1 N12P61 -0.0000
E53_13 N53P15 N53P14 N13P1 N13P61 -0.0000
E53_14 N53P16 N53P15 N14P1 N14P61 0.0000
E53_15 N53P17 N53P16 N15P1 N15P61 -0.0000
E53_16 N53P18 N53P17 N16P1 N16P61 0.0000
E53_17 N53P19 N53P18 N17P1 N17P61 -0.0000
E53_18 N53P20 N53P19 N18P1 N18P61 0.0001
E53_19 N53P21 N53P20 N19P1 N19P61 0.0002
E53_20 N53P22 N53P21 N20P1 N20P61 -0.0000
E53_21 N53P23 N53P22 N21P1 N21P61 -0.0000
E53_22 N53P24 N53P23 N22P1 N22P61 -0.0000
E53_23 N53P25 N53P24 N23P1 N23P61 0.0000
E53_24 N53P26 N53P25 N24P1 N24P61 -0.0000
E53_25 N53P27 N53P26 N25P1 N25P61 -0.0000
E53_26 N53P28 N53P27 N26P1 N26P61 0.0000
E53_27 N53P29 N53P28 N27P1 N27P61 0.0000
E53_28 N53P30 N53P29 N28P1 N28P61 0.0000
E53_29 N53P31 N53P30 N29P1 N29P61 0.0000
E53_30 N53P32 N53P31 N30P1 N30P61 0.0003
E53_31 N53P33 N53P32 N31P1 N31P61 0.0004
E53_32 N53P34 N53P33 N32P1 N32P61 -0.0006
E53_33 N53P35 N53P34 N33P1 N33P61 -0.0002
E53_34 N53P36 N53P35 N34P1 N34P61 -0.0000
E53_35 N53P37 N53P36 N35P1 N35P61 -0.0000
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E53_36 N53P38 N53P37 N36P1 N36P61 0.0000
E53_37 N53P39 N53P38 N37P1 N37P61 0.0000
E53_38 N53P40 N53P39 N38P1 N38P61 -0.0000
E53 39 N53P41 N53P40 N39P1 N39P61 0.0006
E53_40 N53P42 N53P41 N40P1 N40P61 0.0034
E53_41 N53P43 N53P42 N41P1 N41P61 0.0100
E53_42 N53P44 N53P43 N42P1 N42P61 0.0052
E53_43 N53P45 N53P44 N43P1 N43P61 -0.0453
E53_44 N53P46 N53P45 N44P1 N44P61 -0.2204
E53_45 N53P47 N53P46 N45P1 N45P61 -0.0448
E53_46 N53P48 N53P47 N46P1 N46P61 0.0032
E53_47 N53P49 N53P48 N47P1 N47P61 -0.0002
E53_48 N53P50 N53P49 N48P1 N48P61 0.0000
E53_49 N53P51 N53P50 N49P1 N49P61 0.0001
E53_50 N53P52 N53P51 N50P1 N50P61 -0.0006
E53 51 N53P53 N53P52 N51P1 N51P61 0.0092
E53_52 N53P54 N53P53 N52P1 N52P61 -0.2117
E53_54 N53P55 N53P54 N54P1 N54P61 -0.2251
E53_ 55 N53P56 N53P55 N55P1 N55P61 -0.0406
E53 56 N53P57 N53P56 N56P1 N56P61 -0.2154
E53_57 N53P58 N53P57 N57P1 N57P61 -0.0416
E53_58 N53P59 N53P58 N58P1 N58P61 0.0047
E53_59 N53P60 N53P59 N59P1 N59P61 0.0004
E53_60 N53P61 N53P60 N60P1 N60P61 0.0005
R53 N53P61 N54P1 R=1
LAPLACE=+1/{K53}/(-S*S/4/3.14"2)"0.25
.param K53=3.7311e-05

Ctt53 54 N53P1 N54P1 12.38p

L54 N54P1 N54P2 0.1213u

E54_1 N54P3 N54P2 N1P1 N1P61 0.0008
E54_2 N54P4 N54P3 N2P1 N2P61 0.0004
E54_3 N54P5 N54P4 N3P1 N3P61 0.0004
E54_4 N54P6 N54P5 N4P1 N4P61 0.0004
E54_5 N54P7 N54P6 N5P1 N5P61 0.0004
E54_6 N54P8 N54P7 N6P1 N6P61 0.0001
E54_7 N54P9 N54P8 N7P1 N7P61 -0.0008
E54_8 N54P10 N54P9 N8P1 N8P61 0.0000
E54_9 N54P11 N54P10 N9P1 N9P61 -0.0000
E54_10 N54P12 N54P11 N10P1 N10P61 -0.0000
E54_11 N54P13 N54P12 N11P1 N11P61 -0.0000
E54_12 N54P14 N54P13 N12P1 N12P61 0.0003
E54_13 N54P15 N54P14 N13P1 N13P61 0.0002
E54_14 N54P16 N54P15 N14P1 N14P61 -0.0000
E54_15 N54P17 N54P16 N15P1 N15P61 0.0000
E54_16 N54P18 N54P17 N16P1 N16P61 -0.0000
E54_17 N54P19 N54P18 N17P1 N17P61 0.0001
E54_18 N54P20 N54P19 N18P1 N18P61 -0.0015
E54_19 N54P21 N54P20 N19P1 N19P61 -0.0027
E54_20 N54P22 N54P21 N20P1 N20P61 0.0002
E54_21 N54P23 N54P22 N21P1 N21P61 -0.0000
E54_22 N54P24 N54P23 N22P1 N22P61 0.0000
E54_23 N54P25 N54P24 N23P1 N23P61 -0.0000
E54_24 N54P26 N54P25 N24P1 N24P61 0.0002
E54_25 N54P27 N54P26 N25P1 N25P61 0.0002
E54_26 N54P28 N54P27 N26P1 N26P61 -0.0000
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E54 27 N54P29 N54P28 N27P1 N27P61 0.0000
E54 28 N54P30 N54P29 N28P1 N28P61 -0.0000
E54 29 N54P31 N54P30 N29P1 N29P61 0.0003
E54 30 N54P32 N54P31 N30P1 N30P61 -0.0048
E54 31 N54P33 N54P32 N31P1 N31P61 -0.0099
E54 32 N54P34 N54P33 N32P1 N32P61 0.0004
E54 33 N54P35 N54P34 N33P1 N33P61 -0.0001
E54 34 N54P36 N54P35 N34P1 N34P61 -0.0000
E54_35 N54P37 N54P36 N35P1 N35P61 -0.0000
E54 36 N54P38 N54P37 N36P1 N36P61 0.0002
E54 37 N54P39 N54P38 N37P1 N37P61 0.0002
E54 38 N54P40 N54P39 N38P1 N38P61 -0.0000
E54 39 N54P41 N54P40 N39P1 N39P61 -0.0000
E54 40 N54P42 N54P41 N40P1 N40P61 0.0006
E54 41 N54P43 N54P42 N41P1 N41P61 0.0052
E54 42 N54P44 N54P43 N42P1 N42P61 -0.0108
E54 43 N54P45 N54P44 N43P1 N43P61 -0.3003
E54 44 N54P46 N54P45 N44P1 N44P61 -0.0456
E54 45 N54P47 N54P46 N45P1 N45P61 0.0033
E54 46 N54P48 N54P47 N46P1 N46P61 -0.0002
E54 47 N54P49 N54P48 N47P1 N47P61 0.0000
E54 48 N54P50 N54P49 N48P1 N48P61 0.0001
E54 49 N54P51 N54P50 N49P1 N49P61 0.0001
E54 50 N54P52 N54P51 N50P1 N50P61 0.0000
E54 51 N54P53 N54P52 N51P1 N51P61 -0.0005
E54 52 N54P54 N54P53 N52P1 N52P61 0.0100
E54 53 N54P55 N54P54 N53P1 N53P61 -0.2261
E54 55 N54P56 N54P55 N55P1 N55P61 -0.3070
E54 56 N54P57 N54P56 N56P1 N56P61 -0.0475
E54 57 N54P58 N54P57 N57P1 N57P61 0.0025
E54 58 N54P59 N54P58 N58P1 N58P61 -0.0008
E54 59 N54P60 N54P59 N59P1 N59P61 -0.0004
E54 60 N54P61 N54P60 N60P1 N60P61 -0.0001
R54 N54P61 N55P1 R=1
LAPLACE=+1/{K54}/(-S*S/4/3.14"2)"0.25
param K54=3.4178e-05

LS55 N55P1 N55P2 0.1417u

E55_1 N55P3 N55P2 N1P1 N1P61 0.0020
E55_2 N55P4 N55P3 N2P1 N2P61 0.0010
E55_3 N55P5 N55P4 N3P1 N3P61 0.0011
E55_4 N55P6 N55P5 N4P1 N4P61 0.0012
E55_5 N55P7 N55P6 N5P1 N5P61 0.0013
E55_6 N55P8 N55P7 N6P1 N6P61 0.0027
E55_7 N55P9 N55P8 N7P1 N7P61 0.0001
E55_8 N55P10 N55P9 N8P1 N8P61 -0.0001
E55_9 N55P11 N55P10 N9P1 N9P61 -0.0001
E55_10 N55P12 N55P11 N10P1 N10P61 -0.0001
E55_11 N55P13 N55P12 N11P1 N11P61 -0.0001
E55_12 N55P14 N55P13 N12P1 N12P61 0.0006
E55_13 N55P15 N55P14 N13P1 N13P61 0.0004
E55_14 N55P16 N55P15 N14P1 N14P61 -0.0000
E55_15 N55P17 N55P16 N15P1 N15P61 0.0000
E55_16 N55P18 N55P17 N16P1 N16P61 0.0000
E55_17 N55P19 N55P18 N17P1 N17P61 0.0001
E55_18 N55P20 N55P19 N18P1 N18P61 -0.0007
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E55_19 N55P21 N55P20 N19P1 N19P61 -0.0020
E55_20 N55P22 N55P21 N20P1 N20P61 0.0001
E55_ 21 N55P23 N55P22 N21P1 N21P61 -0.0000
ES5 22 N55P24 N55P23 N22P1 N22P61 0.0000
E55 23 N55P25 N55P24 N23P1 N23P61 -0.0000
E55 24 N55P26 N55P25 N24P1 N24P61 0.0003
E55_25 N55P27 N55P26 N25P1 N25P61 0.0002
E55 26 N55P28 N55P27 N26P1 N26P61 -0.0000
ES5_27 N55P29 N55P28 N27P1 N27P61 0.0000
E55_28 N55P30 N55P29 N28P1 N28P61 -0.0000
E55_29 N55P31 N55P30 N29P1 N29P61 0.0002
E55_30 N55P32 N55P31 N30P1 N30P61 -0.0040
E55_31 N55P33 N55P32 N31P1 N31P61 -0.0073
E55_32 N55P34 N55P33 N32P1 N32P61 0.0005
E55_33 N55P35 N55P34 N33P1 N33P61 -0.0000
E55_34 N55P36 N55P35 N34P1 N34P61 0.0000
E55_35 N55P37 N55P36 N35P1 N35P61 -0.0000
E55_36 N55P38 N55P37 N36P1 N36P61 0.0000
E55_37 N55P39 N55P38 N37P1 N37P61 -0.0001
E55_38 N55P40 N55P39 N38P1 N38P61 0.0000
E55_39 N55P41 N55P40 N39P1 N39P61 -0.0000
E55_40 N55P42 N55P41 N40P1 N40P61 -0.0001
E55 41 N55P43 N55P42 N41P1 N41P61 0.0007
E55_42 N55P44 N55P43 N42P1 N42P61 -0.0148
E55_43 N55P45 N55P44 N43P1 N43P61 -0.0194
E55_44 N55P46 N55P45 N44P1 N44P61 0.0062
E55_45 N55P47 N55P46 N45P1 N45P61 0.0005
E55 46 N55P48 N55P47 N46P1 N46P61 -0.0001
E55_47 N55P49 N55P48 N47P1 N47P61 -0.0000
E55_48 N55P50 N55P49 N48P1 N48P61 -0.0004
E55_49 N55P51 N55P50 N49P1 N49P61 -0.0006
E55_50 N55P52 N55P51 N50P1 N50P61 0.0006
E55 51 N55P53 N55P52 N51P1 N51P61 0.0007
E55 52 N55P54 N55P53 N52P1 N52P61 0.0060
E55_ 53 N55P55 N55P54 N53P1 N53P61 -0.0477
E55_54 N55P56 N55P55 N54P1 N54P61 -0.3588
E55_56 N55P57 N55P56 N56P1 N56P61 -0.3447
E55_57 N55P58 N55P57 N57P1 N57P61 -0.0192
E55_58 N55P59 N55P58 N58P1 N58P61 -0.0147
E55_59 N55P60 N55P59 N59P1 N59P61 -0.0079
E55_60 N55P61 N55P60 N60P1 N60P61 -0.0070
R55 N55P61 N56P1 R=1
LAPLACE=+1/{K55}/(-S*S/4/3.14"2)"0.25
.Jparam K55=3.4178e-05

Ctt55_56 N55P1 N56P1 12.38p

L56 N56P1 N56P2 0.1325u

E56_1 N56P3 N56P2 N1P1 N1P61 0.0004
E56_2 N56P4 N56P3 N2P1 N2P61 0.0003
E56_3 N56P5 N56P4 N3P1 N3P61 0.0003
E56_4 N56P6 N56P5 N4P1 N4P61 0.0004
E56_5 N56P7 N56P6 N5P1 N5P61 0.0005
E56_6 N56P8 N56P7 N6P1 N6P61 0.0012
E56_7 N56P9 N56P8 N7P1 N7P61 0.0004
E56_8 N56P10 N56P9 N8P1 N8P61 -0.0001
E56_9 N56P11 N56P10 N9P1 N9P61 -0.0000
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E56_10 N56P12 N56P11 N10P1 N10P61 -0.0000
E56_11 N56P13 N56P12 N11P1 N11P61 -0.0000
E56_12 N56P14 N56P13 N12P1 N12P61 0.0000
E56_13 N56P15 N56P14 N13P1 N13P61 -0.0000
E56_14 N56P16 N56P15 N14P1 N14P61 0.0000
E56_15 N56P17 N56P16 N15P1 N15P61 0.0000
E56_16 N56P18 N56P17 N16P1 N16P61 0.0000
E56_17 N56P19 N56P18 N17P1 N17P61 -0.0000
E56_18 N56P20 N56P19 N18P1 N18P61 0.0003
E56_19 N56P21 N56P20 N19P1 N19P61 0.0001
E56_20 N56P22 N56P21 N20P1 N20P61 -0.0000
E56_21 N56P23 N56P22 N21P1 N21P61 0.0000
E56_22 N56P24 N56P23 N22P1 N22P61 -0.0000
E56_23 N56P25 N56P24 N23P1 N23P61 0.0000
E56_24 N56P26 N56P25 N24P1 N24P61 -0.0001
E56_25 N56P27 N56P26 N25P1 N25P61 -0.0002
E56_26 N56P28 N56P27 N26P1 N26P61 0.0000
E56_27 N56P29 N56P28 N27P1 N27P61 -0.0000
E56_28 N56P30 N56P29 N28P1 N28P61 -0.0000
E56_29 N56P31 N56P30 N29P1 N29P61 0.0000
E56_30 N56P32 N56P31 N30P1 N30P61 -0.0000
E56_31 N56P33 N56P32 N31P1 N31P61 -0.0002
E56_32 N56P34 N56P33 N32P1 N32P61 0.0000
E56_33 N56P35 N56P34 N33P1 N33P61 0.0000
E56_34 N56P36 N56P35 N34P1 N34P61 0.0000
E56_35 N56P37 N56P36 N35P1 N35P61 0.0000
E56_36 N56P38 N56P37 N36P1 N36P61 -0.0003
E56_37 N56P39 N56P38 N37P1 N37P61 -0.0004
E56_38 N56P40 N56P39 N38P1 N38P61 0.0000
E56_39 N56P41 N56P40 N39P1 N39P61 -0.0000
E56_40 N56P42 N56P41 N40P1 N40P61 -0.0002
E56_41 N56P43 N56P42 N41P1 N41P61 -0.0006
E56_42 N56P44 N56P43 N42P1 N42P61 -0.0008
E56_43 N56P45 N56P44 N43P1 N43P61 0.0030
E56_44 N56P46 N56P45 N44P1 N44P61 0.0108
E56_45 N56P47 N56P46 N45P1 N45P61 0.0035
E56_46 N56P48 N56P47 N46P1 N46P61 0.0006
E56_47 N56P49 N56P48 N47P1 N47P61 -0.0001
E56_48 N56P50 N56P49 N48P1 N48P61 -0.0007
E56_49 N56P51 N56P50 N49P1 N49P61 -0.0008
E56_50 N56P52 N56P51 N50P1 N50P61 0.0005
E56_51 N56P53 N56P52 N51P1 N51P61 0.0051
E56_52 N56P54 N56P53 N52P1 N52P61 -0.0458
E56_53 N56P55 N56P54 N53P1 N53P61 -0.2364
E56_54 N56P56 N56P55 N54P1 N54P61 -0.0519
E56_55 N56P57 N56P56 N55P1 N55P61 -0.3222
E56_57 N56P58 N56P57 N57P1 N57P61 -0.2896
E56_58 N56P59 N56P58 N58P1 N58P61 -0.0111
E56_59 N56P60 N56P59 N59P1 N59P61 -0.0099
E56_60 N56P61 N56P60 N60P1 N60P61 -0.0075
R56 N56P61 N57P1 R=1
LAPLACE=+1/{K56}/(-S*S/4/3.14"2)"0.25
.param K56=3.7311e-05

Ctt56_57 N56P1 N57P1 13.47p

L57 N57P1 N57P2 0.1436u
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E57_1 N57P3 N57P2 N1P1 N1P61 0.0002
E57_2 N57P4 N57P3 N2P1 N2P61 0.0002
E57_3 N57P5 N57P4 N3P1 N3P61 0.0003
E57_4 N57P6 N57P5 N4P1 N4P61 0.0003
E57_5 N57P7 N57P6 N5P1 N5P61 0.0004
E57_6 N57P8 N57P7 N6P1 N6P61 0.0012
E57_7 N57P9 N57P8 N7P1 N7P61 0.0004
E57_8 N57P10 N57P9 N8P1 N8P61 -0.0001
E57_9 N57P11 N57P10 N9P1 N9P61 -0.0000
E57_10 N57P12 N57P11 N10P1 N10P61 -0.0000
E57_11 N57P13 N57P12 N11P1 N11P61 -0.0000
E57_12 N57P14 N57P13 N12P1 N12P61 -0.0001
E57_13 N57P15 N57P14 N13P1 N13P61 -0.0001
E57_14 N57P16 N57P15 N14P1 N14P61 0.0000
E57_15 N57P17 N57P16 N15P1 N15P61 0.0000
E57_16 N57P18 N57P17 N16P1 N16P61 0.0000
E57_17 N57P19 N57P18 N17P1 N17P61 -0.0000
E57_18 N57P20 N57P19 N18P1 N18P61 0.0003
E57_19 N57P21 N57P20 N19P1 N19P61 0.0002
E57_20 N57P22 N57P21 N20P1 N20P61 -0.0000
E57_21 N57P23 N57P22 N21P1 N21P61 0.0000
E57_22 N57P24 N57P23 N22P1 N22P61 -0.0000
E57_23 N57P25 N57P24 N23P1 N23P61 0.0000
E57_24 N57P26 N57P25 N24P1 N24P61 -0.0002
E57_25 N57P27 N57P26 N25P1 N25P61 -0.0003
E57_26 N57P28 N57P27 N26P1 N26P61 0.0000
E57_27 N57P29 N57P28 N27P1 N27P61 -0.0000
E57_28 N57P30 N57P29 N28P1 N28P61 -0.0000
E57_29 N57P31 N57P30 N29P1 N29P61 -0.0000
E57_30 N57P32 N57P31 N30P1 N30P61 0.0000
E57_31 N57P33 N57P32 N31P1 N31P61 -0.0002
E57_32 N57P34 N57P33 N32P1 N32P61 0.0000
E57_33 N57P35 N57P34 N33P1 N33P61 0.0000
E57_34 N57P36 N57P35 N34P1 N34P61 0.0000
E57_35 N57P37 N57P36 N35P1 N35P61 0.0000
E57_36 N57P38 N57P37 N36P1 N36P61 -0.0005
E57_37 N57P39 N57P38 N37P1 N37P61 -0.0007
E57_38 N57P40 N57P39 N38P1 N38P61 -0.0000
E57_39 N57P41 N57P40 N39P1 N39P61 -0.0002
E57_40 N57P42 N57P41 N40P1 N40P61 -0.0006
E57_41 N57P43 N57P42 N41P1 N41P61 -0.0002
E57_42 N57P44 N57P43 N42P1 N42P61 -0.0006
E57_43 N57P45 N57P44 N43P1 N43P61 -0.0006
E57_44 N57P46 N57P45 N44P1 N44P61 0.0038
E57_45 N57P47 N57P46 N45P1 N45P61 0.0108
E57_46 N57P48 N57P47 N46P1 N46P61 0.0035
E57_47 N57P49 N57P48 N47P1 N47P61 0.0007
E57_48 N57P50 N57P49 N48P1 N48P61 -0.0011
E57_49 N57P51 N57P50 N49P1 N49P61 -0.0014
E57_50 N57P52 N57P51 N50P1 N50P61 0.0052
E57_51 N57P53 N57P52 N51P1 N51P61 -0.0459
E57_52 N57P54 N57P53 N52P1 N52P61 -0.2365
E57_53 N57P55 N57P54 N53P1 N53P61 -0.0494
E57_54 N57P56 N57P55 N54P1 N54P61 0.0030
E57_55N57P57 N57P56 N55P1 N55P61 -0.0195
E57_56 N57P58 N57P57 N56P1 N56P61 -0.3139
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E57_58 N57P59 N57P58 N58P1 N58P61 -0.2904
E57_59 N57P60 N57P59 N59P1 N59P61 -0.0113
E57_60 N57P61 N57P60 N60P1 N60P61 -0.0138
R57 N57P61 N58P1 R=1
LAPLACE=+1/{K57}/(-S*S/4/3.14"2)"0.25
.param K57=4.0443e-05

Ctt57_58 N57P1 N58P1 14.55p

L58 N58P1 N58P2 0.1548u

E58_1 N58P3 N58P2 N1P1 N1P61 -0.0000
E58_2 N58P4 N58P3 N2P1 N2P61 0.0002
E58_3 N58P5 N58P4 N3P1 N3P61 0.0002
E58_4 N58P6 N58P5 N4P1 N4P61 0.0003
E58_5 N58P7 N58P6 N5P1 N5P61 0.0004
E58_6 N58P8 N58P7 N6P1 N6P61 0.0012
E58_7 N58P9 N58P8 N7P1 N7P61 0.0005
E58_8 N58P10 N58P9 N8P1 N8P61 -0.0001
E58_9 N58P11 N58P10 N9P1 N9P61 -0.0000
E58_10 N58P12 N58P11 N10P1 N10P61 -0.0000
E58_11 N58P13 N58P12 N11P1 N11P61 0.0000
E58_12 N58P14 N58P13 N12P1 N12P61 -0.0002
E58_13 N58P15 N58P14 N13P1 N13P61 -0.0003
E58_14 N58P16 N58P15 N14P1 N14P61 0.0000
E58_15 N58P17 N58P16 N15P1 N15P61 -0.0000
E58_16 N58P18 N58P17 N16P1 N16P61 0.0000
E58_17 N58P19 N58P18 N17P1 N17P61 -0.0000
E58_18 N58P20 N58P19 N18P1 N18P61 0.0004
E58_19 N58P21 N58P20 N19P1 N19P61 0.0003
E58_20 N58P22 N58P21 N20P1 N20P61 -0.0000
E58_21 N58P23 N58P22 N21P1 N21P61 0.0000
E58_22 N58P24 N58P23 N22P1 N22P61 -0.0000
E58_23 N58P25 N58P24 N23P1 N23P61 0.0000
E58_24 N58P26 N58P25 N24P1 N24P61 -0.0004
E58_25 N58P27 N58P26 N25P1 N25P61 -0.0006
E58_26 N58P28 N58P27 N26P1 N26P61 0.0000
E58_27 N58P29 N58P28 N27P1 N27P61 -0.0000
E58_28 N58P30 N58P29 N28P1 N28P61 -0.0000
E58_29 N58P31 N58P30 N29P1 N29P61 -0.0000
E58_30 N58P32 N58P31 N30P1 N30P61 0.0002
E58_31 N58P33 N58P32 N31P1 N31P61 0.0000
E58_32 N58P34 N58P33 N32P1 N32P61 0.0000
E58_33 N58P35 N58P34 N33P1 N33P61 0.0000
E58_34 N58P36 N58P35 N34P1 N34P61 0.0000
E58_35 N58P37 N58P36 N35P1 N35P61 0.0001
E58_36 N58P38 N58P37 N36P1 N36P61 -0.0008
E58_37 N58P39 N58P38 N37P1 N37P61 -0.0012
E58_38 N58P40 N58P39 N38P1 N38P61 -0.0002
E58_39 N58P41 N58P40 N39P1 N39P61 -0.0006
E58_40 N58P42 N58P41 N40P1 N40P61 -0.0003
E58_41 N58P43 N58P42 N41P1 N41P61 -0.0000
E58_42 N58P44 N58P43 N42P1 N42P61 -0.0002
E58_43 N58P45 N58P44 N43P1 N43P61 -0.0008
E58_44 N58P46 N58P45 N44P1 N44P61 0.0007
E58_45 N58P47 N58P46 N45P1 N45P61 0.0037
E58_46 N58P48 N58P47 N46P1 N46P61 0.0108
E58_47 N58P49 N58P48 N47P1 N47P61 0.0036
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E58_48 N58P50 N58P49 N48P1 N48P61 -0.0012
E58 49 N58P51 N58P50 N49P1 N49P61 0.0018
E58 50 N58P52 N58P51 N50P1 N50P61 -0.0458
E58_51 N58P53 N58P52 N51P1 N51P61 -0.2365
E58_52 N58P54 N58P53 N52P1 N52P61 -0.0495
E58_53 N58P55 N58P54 N53P1 N53P61 0.0060
E58_54 N58P56 N58P55 N54P1 N54P61 -0.0011
E58_55 N58P57 N58P56 N55P1 N55P61 -0.0160
E58_56 N58P58 N58P57 N56P1 N56P61 -0.0129
E58 57 N58P59 N58P58 N57P1 N57P61 -0.3130
E58 59 N58P60 N58P59 N59P1 N59P61 -0.2916
E58 60 N58P61 N58P60 N60P1 N60P61 -0.0183
R58 N58P61 N59P1 R=1
LAPLACE=+1/{K58}/(-S*S/4/3.14"2)"0.25
Jparam K58=4.3576e-05

Ctt58 59 N58P1 N59P1 15.64p

L59 N59P1 N59P2 0.1660u

E59_1 N59P3 N59P2 N1P1 N1P61 -0.0003
E59_2 N59P4 N59P3 N2P1 N2P61 0.0001
E59_3 N59P5 N59P4 N3P1 N3P61 0.0002
E59 4 N59P6 N59P5 N4P1 N4P61 0.0003
E59_5 N59P7 N59P6 N5P1 N5P61 0.0004
E59_6 N59P8 N59P7 N6P1 N6P61 0.0012
E59_7 N59P9 N59P8 N7P1 N7P61 0.0005
E59 8 N59P10 N59P9 N8P1 N8P61 -0.0001
E59_9 N59P11 N59P10 N9P1 N9P61 -0.0000
E59_10 N59P12 N59P11 N10P1 N10P61 -0.0000
E59_11 N59P13 N59P12 N11P1 N11P61 0.0000
E59_12 N59P14 N59P13 N12P1 N12P61 -0.0004
E59_13 N59P15 N59P14 N13P1 N13P61 -0.0005
E59_14 N59P16 N59P15 N14P1 N14P61 0.0000
E59 15 N59P17 N59P16 N15P1 N15P61 -0.0000
E59 16 N59P18 N59P17 N16P1 N16P61 0.0000
E59 17 N59P19 N59P18 N17P1 N17P61 -0.0000
E59 18 N59P20 N59P19 N18P1 N18P61 0.0004
E59 19 N59P21 N59P20 N19P1 N19P61 0.0004
E59 20 N59P22 N59P21 N20P1 N20P61 -0.0000
E59_21 N59P23 N59P22 N21P1 N21P61 0.0000
E59_22 N59P24 N59P23 N22P1 N22P61 -0.0000
E59_23 N59P25 N59P24 N23P1 N23P61 0.0000
E59_24 N59P26 N59P25 N24P1 N24P61 -0.0006
E59_25 N59P27 N59P26 N25P1 N25P61 -0.0008
E59 26 N59P28 N59P27 N26P1 N26P61 0.0000
E59 27 N59P29 N59P28 N27P1 N27P61 -0.0000
E59 28 N59P30 N59P29 N28P1 N28P61 0.0000
E59 29 N59P31 N59P30 N29P1 N29P61 -0.0000
E59 30 N59P32 N59P31 N30P1 N30P61 0.0003
E59 31 N59P33 N59P32 N31P1 N31P61 0.0002
E59_32 N59P34 N59P33 N32P1 N32P61 -0.0000
E59_33 N59P35 N59P34 N33P1 N33P61 0.0000
E59_34 N59P36 N59P35 N34P1 N34P61 0.0000
E59_35 N59P37 N59P36 N35P1 N35P61 0.0001
E59_36 N59P38 N59P37 N36P1 N36P61 -0.0010
E59_37 N59P39 N59P38 N37P1 N37P61 -0.0016
E59_38 N59P40 N59P39 N38P1 N38P61 -0.0005
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E59 39 N59P41 N59P40 N39P1 N39P61 -0.0003
E59 40 N59P42 N59P41 N40P1 N40P61 -0.0001
E59 41 N59P43 N59P42 N41P1 N41P61 -0.0000
E59 42 N59P44 N59P43 N42P1 N42P61 -0.0000
E59 43 N59P45 N59P44 N43P1 N43P61 -0.0003
E59 44 N59P46 N59P45 N44P1 N44P61 -0.0001
E59 45 N59P47 N59P46 N45P1 N45P61 0.0007
E59 46 N59P48 N59P47 N46P1 N46P61 0.0037
E59 47 N59P49 N59P48 N47P1 N47P61 0.0109
E59 48 N59P50 N59P49 N48P1 N48P61 0.0018
E59 49 N59P51 N59P50 N49P1 N49P61 -0.0491
E59 50 N59P52 N59P51 N50P1 N50P61 -0.2364
E59 51 N59P53 N59P52 N51P1 N51P61 -0.0494
E59 52 N59P54 N59P53 N52P1 N52P61 0.0059
E59 53 N59P55 N59P54 N53P1 N53P61 0.0006
E59 54 N59P56 N59P55 N54P1 N54P61 -0.0005
E59 55 N59P57 N59P56 N55P1 N55P61 -0.0093
E59 56 N59P58 N59P57 N56P1 N56P61 -0.0124
E59 57 N59P59 N59P58 N57P1 N57P61 -0.0130
E59 58 N59P60 N59P59 N58P1 N58P61 -0.3127
E59 60 N59P61 N59P60 N60P1 N60P61 -0.3008
R59 N59P61 N60P1 R=1
LAPLACE=+1/{K59}/(-S*S/4/3.14"2)"0.25
param K59=4.6709e-05

Ctt59_60 N59P1 N60P1 16.72p

L60 N60P1 N60P2 0.2086u

E60_1 N60P3 N60P2 N1P1 N1P61 -0.0038
E60_2 N60P4 N60P3 N2P1 N2P61 -0.0003
E60_3 N60P5 N60P4 N3P1 N3P61 -0.0000
E60_4 N60P6 N60P5 N4P1 N4P61 0.0003
E60_5 N60P7 N60P6 N5P1 N5P61 0.0007
E60_6 N60P8 N60OP7 N6P1 N6P61 0.0029
E60_7 N60P9 N60OP8 N7P1 N7P61 0.0014
E60_8 N60P10 N60P9 N8P1 N8P61 -0.0001
E60_9 N60P11 N60P10 N9P1 N9P61 -0.0000
E60_10 N60P12 N60P11 N10P1 N10P61 -0.0000
E60_11 N60P13 N60P12 N11P1 N11P61 0.0002
E60_12 N60P14 N60P13 N12P1 N12P61 -0.0032
E60_13 N60P15 N60P14 N13P1 N13P61 -0.0041
E60_14 N60P16 N60P15 N14P1 N14P61 0.0003
E60_15 N60P17 N60P16 N15P1 N15P61 -0.0000
E60_16 N60P18 N60P17 N16P1 N16P61 0.0000
E60_17 N60OP19 N60P18 N17P1 N17P61 -0.0001
E60_18 N60P20 N60P19 N18P1 N18P61 0.0013
E60_19 N60P21 N60P20 N19P1 N19P61 0.0011
E60_20 N60P22 N60P21 N20P1 N20P61 -0.0001
E60_21 N60P23 N60P22 N21P1 N21P61 0.0000
E60_22 N60P24 N60P23 N22P1 N22P61 -0.0000
E60_23 N60P25 N60P24 N23P1 N23P61 0.0003
E60_24 N60P26 N60P25 N24P1 N24P61 -0.0053
E60_25 N60P27 N60P26 N25P1 N25P61 -0.0074
E60_26 N60P28 N60P27 N26P1 N26P61 0.0005
E60_27 N60P29 N60P28 N27P1 N27P61 -0.0000
E60_28 N60P30 N60P29 N28P1 N28P61 0.0000
E60_29 N60P31 N60P30 N29P1 N29P61 -0.0001
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E60_30 N60P32 N60P31 N30P1 N30P61 0.0010
E60_31 N60P33 N60P32 N31P1 N31P61 0.0008
E60_32 N60P34 N60P33 N32P1 N32P61 -0.0000
E60_33 N60P35 N60P34 N33P1 N33P61 0.0000
E60_34 N60P36 N60P35 N34P1 N34P61 -0.0000
E60_35 N60P37 N60P36 N35P1 N35P61 0.0007
E60_36 N60P38 N60P37 N36P1 N36P61 -0.0109
E60_37 N60P39 N60P38 N37P1 N37P61 -0.0186
E60_38 N60P40 N60P39 N38P1 N38P61 0.0010
E60_39 N60P41 N60P40 N39P1 N39P61 -0.0002
E60_40 N60P42 N60P41 N40P1 N40P61 -0.0000
E60_41 N60P43 N60P42 N41P1 N41P61 -0.0000
E60_42 N60P44 N60P43 N42P1 N42P61 0.0006
E60_43 N60P45 N60P44 N43P1 N43P61 0.0002
E60_44 N60P46 N60P45 N44P1 N44P61 -0.0001
E60_45 N60P47 N60P46 N45P1 N45P61 -0.0002
E60_46 N60P48 N60P47 N46P1 N46P61 0.0006
E60_47 N60P49 N60P48 N47P1 N47P61 0.0070
E60_48 N60P50 N60P49 N48P1 N48P61 -0.0235
E60_49 N60P51 N60P50 N49P1 N49P61 -0.3663
E60_50 N60P52 N60P51 N50P1 N50P61 -0.0515
E60_51 N60P53 N60P52 N51P1 N51P61 0.0072
E60_52 N60P54 N60P53 N52P1 N52P61 0.0010
E60_53 N60P55 N60P54 N53P1 N53P61 0.0008
E60_54 N60P56 N60P55 N54P1 N54P61 -0.0002
E60_55 N60P57 N60P56 N55P1 N55P61 -0.0103
E60_56 N60P58 N60P57 N56P1 N56P61 -0.0118
E60_57 N60P59 N60P58 N57P1 N57P61 -0.0200
E60_58 N60P60 N60P59 N58P1 N58P61 -0.0246
E60_59 N60P61 N60P60 N59P1 N59P61 -0.3780
R60 N60P61 N61P1 R=1
LAPLACE=+1/{K60}/(-S*S/4/3.14"2)"0.25
.Jparam K60=4.9841e-05

Cdd1_12 N1P1 N12P117.26p
Cdd2_11 N2P1 N11P1 16.18p
Cdd3_10 N3P1 N10P1 15.09p
Cdd4_9 N4P1 N9P1 14.01p
Cdd5_8 N5P1 N8P1 12.92p
Cdd6_7 N6P1 N7P1 11.84p
Cdd7_18 N7P1 N18P1 11.84p
Cdds_17 N8P1 N17P1 12.92p
Cdd9_16 N9P1 N16P1 14.01p
Cdd10_15 N10P1 N15P1 15.09p
Cdd11_14 N11P1 N14P1 16.18p
Cdd12_13 N12P1 N13P1 17.26p
Cdd13_24 N13P1 N24P1 17.26p
Cdd14_23 N14P1 N23P1 16.18p
Cdd15_22 N15P1 N22P1 15.09p
Cdd16_21 N16P1 N21P1 14.01p
Cdd17_20 N17P1 N20P1 12.92p
Cdd18_19 N18P1 N19P1 11.84p
Cdd19_30 N19P1 N30P1 11.84p
Cdd20_29 N20P1 N29P1 12.92p
Cdd21_28 N21P1 N28P1 14.01p
Cdd22_27 N22P1 N27P1 15.09p
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Cdd23_26 N23P1 N26P1 16.18p
Cdd24_25 N24P1 N25P1 17.26p
Cdd25_36 N25P1 N36P1 17.26p
Cdd26_35 N26P1 N35P1 16.18p
Cdd27_34 N27P1 N34P1 15.09p
Cdd28_33 N28P1 N33P1 14.01p
Cdd29_32 N29P1 N32P1 12.92p
Cdd30_31 N30P1 N31P1 11.84p
Cdd31_42 N31P1 N42P1 11.84p
Cdd32_41 N32P1 N41P1 12.92p
Cdd33_40 N33P1 N40P1 14.01p
Cdd34_39 N34P1 N39P1 15.09p
Cdd35_38 N35P1 N38P1 16.18p
Cdd36_37 N36P1 N37P1 17.26p
Cdd37_48 N37P1 N48P1 17.26p
Cdd38_47 N38P1 N47P1 16.18p
Cdd39_46 N39P1 N46P1 15.09p
Cdd40_45 N4OP1 N45P1 14.01p
Cdd41_44 N41P1 N44P1 12.92p
Cdd42_43 N42P1 N43P1 11.84p
Cdd43_54 N43P1 N54P1 11.84p
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Cdd44_53 N44P1 N53P1 12.92p
Cdd45_52 N45P1 N52P1 14.01p
Cdd46_51 N46P1 N51P1 15.09p
Cdd47_50 N47P1 N50P1 16.18p
Cdd48_49 N48P1 N49P1 17.26p
Cdd49_60 N49P1 N60P1 17.26p
Cdd50_59 N50P1 N59P1 16.18p
Cdd51_58 N51P1 N58P1 15.09p
Cdd52_57 N52P1 N57P1 14.01p
Cdd53_56 N53P1 N56P1 12.92p
Cdd54_55 N54P1 N55P1 11.84p

V1In0AC 10
Rin In N1P1 50
Rout N61P1 0 50
.print V(N61P1)
print V(In)

.ac dec 1000 10 200000k
.backanno
.end
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Appendix G. Coherence of Sls

SD SSE ASLE DABS | RMSE ED CSD MM SSRE SSMMRE p
0.9179 | 0.9191 | 0.9375 | 0.9167 | 0.9681 | 0.9216 | 0.9167 | 0.9436 | 0.9314 0.9301 0.9179
0.9963 | 0.9963 | 0.9387 | 0.9743 | 0.9203 | 0.9963 | 0.9694 0.94 0.913 0.9118 0.9289
0.9387 | 0.9424 | 0.9424 | 0.9779 | 0.9216 | 0.9975 | 0.9706 | 0.9436 | 0.9142 0.9154 0.9277
0.9743 | 09779 | 0.9449 | 0.9449 | 0.9449 | 0.9424 | 0.9326 | 0.9767 | 0.9449 0.9485 0.9314
0.9203 | 0.9216 | 0.9449 | 0.9216 | 0.9216 | 0.9779 | 0.9632 | 0.9436 | 0.9118 0.9154 0.9326
0.9963 | 0.9975 | 0.9424 | 0.9779 0.924 0.924 0.9142 0.951 0.9314 0.9326 0.9301
0.9694 | 09706 | 0.9326 | 0.9632 | 0.9142 | 0.9706 | 0.9706 | 0.9412 | 0.9167 0.9154 0.9301

0.94 0.9436 | 0.9767 | 0.9436 0.951 0.9412 | 0.9412 | 0.9412 | 0.9363 0.9326 0.9203
0.913 0.9142 | 0.9449 | 0.9118 | 0.9314 | 0.9167 | 0.9363 0.951 0.951 0.9547 0.9252
0.9118 | 0.9154 | 0.9485 | 0.9154 | 0.9326 | 0.9154 | 0.9326 | 0.9547 | 0.9963 0.9963 0.9056
0.9289 | 0.9277 | 0.9314 | 0.9326 | 0.9301 | 0.9301 | 0.9203 | 0.9252 | 0.9056 0.9069 0.9069
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Appendix H. Short-circuit monitoring and Sls for the green-to-yellow boundary

cc Wind.% | 15kQ | 5kQ [45kQ| 4kQ [35kQ| 3kQ [25kQ| 2kQ [15kQ| 1kQ | 500Q | 200Q | 1Q
1 phase

400VA

T15V | 13,89% |0,9998 | 0,9997 | 0,9998 | 0,9997 | 0,9997 | 0,9998 | 0,9999 | 0,9997 | 0,9998 | 0,9999 | 0,9998 | 0,9977 | 0,9045
T112V | 33,33% |0,9998 | 0,9997 | 0,9997 | 0,9997 | 0,9998 | 0,9999 | 0,9997 | 0,9998 | 0,9997 | 0,9998 | 0,9997 | 0,9992 | 0,8983
T124V | 66,67% |0,9997 | 0,9999 | 0,9999 | 0,9999 | 0,9999 | 0,9999 | 0,9999 | 0,9998 | 0,9998 | 0,9995 | 0,9985 | 0,9939 | 0,8985
T136V | 100% |0,9997 |0,9989 | 0,9985 | 0,9986 | 0,9989 | 0,9989 | 0,9989 | 0,9989 | 0,9987 | 0,998 | 0,9949 | 0,982 | 0,9008
T224V | 100% [0,9999| 1 |0,9999 | 0,9997 | 0,9998 | 0,9998 | 0,9999 | 0,9998 | 0,9997 | 0,9995 | 0,9984 | 0,9937 | 0,9385
T324V | 100% |0,9986 |0,9997|0,9999 [0,9999 | 1 |0,9999 | 0,9999 | 0,9999 | 0,9998 | 0,9992 | 0,9981 | 0,9941 | 0,9454
630VA

T45V | 2,27% |0,9998 | 0,9998 | 0,9997 | 0,9998 | 0,9997 | 0,9997 | 0,9997 | 0,9997 | 0,9997 | 0,9997 | 0,9997 | 0,9998 | 0,9449
T412V | 540% [0,9998| 1 |0,9999 |0,9999 | 0,9998 | 0,9999 | 0,9999 | 1 |0,9999 1 1 0,9999 | 0,895
T422V | 10% [0,9998| 1 1 (09999 | 1 1 1 1 1 1 0,9998 | 0,9992 | 0,8296
T4 42V | 19,10% |0,9998 | 1 1 ]0,9997 | 0,9999 | 0,9999 | 0,9999 | 0,9999 | 0,9998 | 0,9996 | 0,9987 | 0,9953 | 0,7701
T4 110V | 50% |0,9997 | 0,9993 | 0,9992 | 0,9984 | 0,9988 | 0,9985 | 0,998 |0,9973 | 0,996 | 0,9933 | 0,9856 | 0,9659 | 0,7181
T4 220V | 100% |0,9989 | 0,9951 | 0,9946 | 0,9936 | 0,9925 | 0,9911 | 0,9891 | 0,9862 | 0,9819 | 0,9726 | 0,9501 | 0,903 | 0,6842
T5230V | 100% |0,9995 | 0,9967 | 0,9962 | 0,9957 | 0,9947 | 0,9936 | 0,992 |0,9895|0,9856 | 0,9778 | 0,9562 | 0,9079 | 0,6788
T6220V | 100% |0,9989 |0,9954 | 0,995 |0,9943 | 0,9932 | 0,9917 | 0,9897 | 0,9869 | 0,9824 | 0,9735 | 0,9509 | 0,9019 | 0,6649
750kVA

T753V | 13,25% | 1 1 |0,9999 | 0,9998 | 0,9999 | 0,9999 | 0,9999 | 0,9998 [ 0,9998 | 0,9996 | 0,999 | 0,9967 | 0,8161
T7200V | 50% |0,9994 |0,9983 | 0,9981 | 0,9976 | 0,9973 | 0,9967 | 0,9959 | 0,9947 | 0,9928 | 0,9893 | 0,9804 | 0,9611 | 0,7005
T7 400V | 100% |0,9976 |0,9912 | 0,9903 | 0,989 |0,9876 |0,9858 | 0,9834 | 0,98 |0,9748 | 0,9659 | 0,9437 | 0,8947 | 0,648
T7115V| 50% |0,9994 | 0,9996 | 0,9995 | 0,9992 | 0,9992 | 0,999 | 0,9987 | 0,9982 | 0,9972 | 0,9953 | 0,9893 | 0,9739 | 0,7169
T7230V | 100% | 0,999 |0,9965| 0,996 |0,9952 | 0,9944 | 0,9933 | 0,9917 | 0,9893 | 0,9855 | 0,9783 | 0,9599 | 0,9186 | 0,7051
1kVA

T85V | 2,27% |0,9997 | 0,9997 | 0,9997 | 0,9998 | 0,9998 | 0,9997 | 0,9997 | 0,9997 | 0,9997 | 0,9997 | 0,9997 | 0,9997 | 0,9433
T812V | 545% [0,9997 | 1 |0,9999 | 0,9999 | 0,9999 | 0,9999 | 0,9999 | 0,9999 | 0,9999 | 0,9999 | 0,9999 | 0,9999 | 0,8978
T824V | 10,90% |0,9997 | 1 1 1 1 1 1 1 1 1 0,9999 | 0,9996 | 0,8472
T836V | 16,36% |0,9997 | 1 1 ]0,9999 | 0,9999 | 0,9999 | 0,9999 | 0,9999 | 0,9999 | 0,9997 | 0,9992 | 0,9966 | 0,7446
T8 110V | 50% |0,9997 | 0,9996 | 0,9995 | 0,9994 | 0,9992 | 0,999 | 0,9987 | 0,9982 | 0,9972 | 0,9952 | 0,9888 | 0,9716 | 0,7103
T8220V | 100% |0,9993 | 0,9964 | 0,9959 | 0,9951 | 0,9942 | 0,993 | 0,9913 | 0,9889 | 0,9847 | 0,9769 | 0,9566 | 0,9143 | 0,7003
3 phase

350VA

T9 230V | 57,50% | 0,9993 | 0,9987 | 0,9984 | 0,9981 | 0,9975 | 0,9973 | 0,9967 | 0,9957 | 0,994 | 0,9906 | 0,9818 | 0,961 | 0,7048
T9 400V | 100% | 0,998 |0,9925 | 0,9914 | 0,9906 | 0,9885 | 0,9873 | 0,9851 | 0,9816 | 0,9762 | 0,966 | 0,9409 | 0,886 | 0,6531
T9 230V | 57,50% | 0,9994 | 0,9982 | 0,9978 | 0,9975 | 0,9966 | 0,9964 | 0,9955 | 0,9943 | 0,9922 | 0,9882 | 0,9782 | 0,9547 | 0,7276
T9 400V | 100% |0,9976 | 0,9908 | 0,9897 | 0,9891 | 0,9864 | 0,9851 | 0,9826 | 0,979 | 0,9733 | 0,9623 | 0,934 | 0,874 | 0,6224
T9 230V | 57,50% | 0,9986 | 0,9984 | 0,9979 | 0,9973 | 0,997 | 0,9966 | 0,9959 | 0,9948 | 0,9929 | 0,9894 | 0,9805 | 0,9585 | 0,7313
T9 400V | 100% |0,9971|0,9917 | 0,991 |0,9899 | 0,9886 | 0,9866 | 0,9842 | 0,9807 | 0,9755 | 0,9649 | 0,9382 | 0,8796 | 0,6217
1.2kVA

T10 24V | 57,10% | 0,9993 | 0,9998 | 0,9998 | 0,9996 | 0,9997 | 0,9999 | 0,9999 | 0,9999 | 0,9999 | 0,9999 | 0,9999 | 0,9995 | 0,965
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T1042Vv| 100% |0,9993|0,9997 | 0,9996 | 0,9997 | 0,9998 | 0,9998 | 0,9998 | 0,9998 | 0,9998 | 0,9997 | 0,9993 | 0,9971 | 0,9655
5kVA

T11 100% | 0,9997 | 0,9997 | 0,9998 | 0,9997 | 0,9998 | 0,9997 | 0,9999 | 0,9997 | 0,9998 | 0,9997 | 0,9997 | 0,9996 | 0,9926
20kVA

T12 100% | 0,9998 | 0,9996 | 0,9995 | 0,9994 | 0,9992 | 0,999 |0,9985 | 0,998 |0,9969 | 0,9942 | 0,9854 | 0,9602 | 0,8029
40kVA

T13 100% 1 0,9998 | 0,9997 | 0,9997 | 0,9996 | 0,9994 | 0,9992 | 0,9987 | 0,9977 | 0,9956 | 0,9869 | 0,9616 | 0,8518
SD Wind.% | 15kQ | 5kQ |[45kQ| 4kQ |[35kQ| 3kQ |[25kQ| 2kQ |[15kQ| 1KkQ 500 Q | 200 Q 10
400VA

T15V 13,89% | 1,9155 | 1,0909 | 1,2691 | 1,3889 | 1,2881 | 1,2656 | 1,2555 | 1,2389 | 1,2299 | 1,2231 | 1,2013 | 1,151 | 7,3829
T112V | 33,33% |1,5758|0,4347|0,4793 | 0,7436 | 0,5391 | 0,5172 | 0,5368 | 0,5693 | 0,5319 | 0,5522 | 0,571 | 0,8413 | 7,9023
T124Vv | 66,67% |1,7833|0,2358 | 0,2296 | 0,2329 | 0,228 |0,2688 | 0,3117 | 0,3658 | 0,4546 | 0,6295 | 1,141 | 2,3066 | 8,0404
T136V | 100% |1,8683|0,8045|0,9343| 0,912 |0,8123 | 0,8457 | 0,8411 | 0,8725|0,9869 | 1,289 2,148 | 3,9604 | 8,1097
T224V | 100% |1,0823|0,1486 |0,2086 | 0,4132 | 0,3278 | 0,2893 | 0,2919 | 0,3269 | 0,4029 | 0,5467 | 0,9656 | 1,8679 | 5,5971
T324v | 100% |0,9851 |0,4013|0,2717 | 0,2805 | 0,1922 | 0,2057 | 0,2505 | 0,2996 | 0,3884 | 0,6904 | 1,0527 | 1,9316 | 5,7617
630VA

T4 5V 2,27% |1,5073|0,7353|0,8873|1,1266 | 1,006 | 0,9403|0,9158|0,9182|0,9048 | 0,8908 | 0,8558 | 0,8155 | 13,4734
T4 12V | 5,40% |0,9671|0,3009 | 0,423 |0,5836 | 0,6496 | 0,4962 | 0,4501 | 0,3779 | 0,4509 | 0,3938 | 0,3836 | 0,6671 | 17,6099
T4 22V 10% |0,6896 | 0,1531 | 0,1366 | 0,3957 | 0,1683 | 0,1744 | 0,185 |0,2282|0,2991 | 0,4425 | 0,8402 | 1,8462 | 21,5171
T4 42V | 19,10% | 0,8053 | 0,3275 | 0,3729 | 0,9581 | 0,5517 | 0,5625 | 0,6409 | 0,7823 | 0,9997 | 1,4217 | 2,4926 | 4,7789 | 24,3227
T4110V| 50% [1,1296 | 1,806 |1,9885 | 2,4665 |2,4545 | 2,7461 | 3,1473 | 3,6806 | 4,5252 | 5,8298 | 8,6453 | 12,9662 | 26,5184
T4 220V | 100% |2,3753|5,0946 | 5,4639 | 5,8977 | 6,3711 | 6,9895 | 7,7259 | 8,6937 | 10,003 | 12,1303 | 15,7323 | 20,2274 | 27,9812
T5230V | 100% |1,5439 |3,7722 | 4,0824 | 4,4456 | 4,8607 | 5,3891 | 6,0282 | 6,8715 | 8,0927 | 9,9603 | 13,3872 | 17,7117 | 25,4741
T6220V | 100% |2,7133| 5,537 | 5,925 | 6,3823 | 6,8924 | 7,5535 | 8,4145 | 9,455 | 10,916 | 13,0983 | 16,8719 | 21,4771 | 29,4361
750kVA

T753Vv | 13,25% |1,2284 | 0,3756 | 0,4701 | 0,7068 | 0,622 |0,6554 | 0,6875 | 0,7636 | 0,9066 | 1,2005 | 2,0247 | 3,8615 | 23,6702
T7200vV| 50% |1,4821| 2,652 |2,8759|3,1717 | 3,4525 | 3,8331 | 4,3066 | 4,9697 | 5,8976 | 7,3439 | 10,3054 | 14,6924 | 28,037
T7 400V | 100% |3,3147|6,5141|6,9078 | 7,3847 | 7,9138 | 8,5458 | 9,3296 10,8339 11,748 | 13,7327 | 17,3651 | 21,8443 | 29,6568
T7115vV| 50% |1,2613|1,0876 | 1,2149 | 1,4007 | 1,5155 | 1,6876 | 1,9395 | 2,2892 | 2,8397 | 3,7443 | 5,7848 | 9,1918 | 22,0984
T7230V| 100% |1,7778]3,21893,4703 | 3,7817 | 4,1122 | 4,5449 | 5,0851 | 5,8148 | 6,8071 | 8,4061 | 11,3634 | 15,3106 | 22,7032
1kVA

T8 5V 2,27% |1,6915|0,8001 | 0,9311|1,1314 | 1,0566 | 1,027 | 0,9972 | 0,9969 | 0,9751 | 1,0096 | 0,9144 | 0,8958 | 12,1836
T812Vv | 5,45% |0,8505 |0,2705| 0,319 | 0,3866 | 0,3533 | 0,3341 | 0,3278 | 0,3217 | 0,3219 | 0,3262 | 0,3487 | 0,4691 | 15,3249
T8 24V | 10,90% | 0,8041 | 0,1589 | 0,2105 | 0,2621 | 0,2242 | 0,2067 | 0,2077 | 0,2158 | 0,2558 | 0,3167 | 0,5532 | 1,2126 | 18,2617
T8 36V | 16,36% |0,8223 |0,2705 | 0,3289 | 0,3905 | 0,3872 | 0,4085 | 0,4548 | 0,5337 | 0,672 | 0,9466 | 1,7182 | 3,634 | 22,5608
T8 110V | 50% |0,9392|1,2121|1,3353|1,4864 |1,6541 | 1,8647 | 2,1586 | 2,5938 | 3,2208 | 4,2863 | 6,6567 | 10,549 | 23,8395
T8220V | 100% |1,7207 | 3,6678 | 3,9533 | 4,3025 | 4,7056 | 5,2044 | 5,834 |6,6358 | 7,8225 | 9,5934 | 12,952 | 17,2109 | 24,6815
3 phase

350VA

T9 230V | 57,50% | 1,3588 | 2,0661 | 2,2899 | 2,5262 | 2,827 |3,0376 | 3,4139 | 3,948 | 4,7573 | 6,0289 | 8,6177 | 12,5667 | 25,3161
T9 400V | 100% |2,6345|5,3258 |5,7085 | 6,1028 | 6,6009 | 7,1175 | 7,7878 | 8,6939 | 9,9266 | 11,7935 | 15,0269 | 19,1271 | 26,5609
T9 230V | 57,50% |1,6583 | 3,3274 | 3,6302 | 3,956 |4,4189 | 4,7753 | 5,3703 | 6,1249 | 7,264 | 9,0559 | 12,3979 | 17,142 | 29,8035
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T9400v | 100% |4,0382 ] 8,0685 | 85223 | 9,0781 ] 9,7669 | 10,470 | 11,403 | 12,535 | 14,043 | 16,3493 | 20,3257 | 25,0254 | 33,0743
T9 230V | 57,50% | 2,4682 | 3,2512 | 3,8008 | 4,2478 | 4,5161 | 4,8808 | 5,4448 | 6,2144 | 7,3297 | 9.0691 | 12,349 | 17,1627 | 29,6813
T9400V | 100% |4.4731|8,0612 | 8,5321 | 9,1646 | 9.7741 | 10,49 | 11,356 | 12,537 | 14,134 | 163897 | 20,3054 | 25,0108 | 32,9953
1.2KVA

T10 24V | 57.10% | 0,6415 | 0,2872 | 0,3602 | 0,4427 | 0,4029 | 0,2827 | 0,2552 | 0,2379 | 0.2259 | 0.2275 | 0,2926 | 0,5453 | 4.1345
T1042V | 100% | 0,685 | 0,3784 | 0,4741 | 0,4539 | 0,3697 | 0,3571 | 0,3516 | 0,3689 | 0.3872 | 0,4755 | 0,6798 | 12844 | 4.1964
BKVA

T11 100% | 1,0015 | 04527 | 0,5743 | 0,6792 | 0,6299 | 0,5799 | 0,6146 | 05222 | 0.4724 | 04434 | 0,4445 | 05237 | 1,7993
20kVA

T12 100% | 0,4422 | 05629 | 0.7873 | 0,8604 | 0,9538 | 1,0757 | 1,221 | 15135 | 1,7866 | 2,232 | 3,0274 | 47851 | 7,6503
40KVA

T13 100% | 0,1256 | 0,4326 | 0.4811 | 0,5329 | 0,6054 | 0.7047 | 0,8354 | 1,0373 | 1,3644 | 1,8979 | 3,2081 | 54009 | 10,5056
SSE |Wind.%|15kQ | 5kQ |45kQ| 4KQ |35kQ| 3KQ |25KQ| 2kQ |15kQ| 1kQ | 500Q | 2000 | 10

400VA

T15V | 13.89% | 3,6654 | 1.1887 | 1,609 | 1,9271 | 1,6574 | 1,6002 | 1,5748 | 1,5334 | 1511 | 1,4946 | 1A417 | 13234 | 54.452
T112V | 33.33% | 2,4806 | 0,1888 | 0,2295 | 0,5524 | 0,2903 | 0.2672 | 0,2878 | 0,3238 | 0.2826 | 0,3046 | 0,8257 | 0,707 | 623822
T124V | 66.67% | 3,1767 | 0,0556 | 0,0527 | 0,0542 | 0,0519 | 0,0722 | 0,097 | 0,1337 [0,2064] 0,3958 | 1,3006 | 53148 | 64,5812
T136V | 100% |B3,4868] 0,6466 | 0,8721 | 0,8309 | 0,6591 | 0,7145 | 0,7066 | 0,7605 | 0,9729 | 1,6597 | 4,6094 | 15,6687 | 65,6998
T224V | 100% |1,1702|0,0221 | 0,0434 | 0,1705 | 0,1073 | 0,0836 | 0,0851 | 0,1068 | 0,1622 | 0,2985 | 0,9315 | 3,4856 | 31,2951
T324V | 100% |0,9693 | 0,1609 | 0,0738 | 0,0786 | 0,0369 | 0,0423 | 0,0627 | 0,0896 | 0.1507 | 0,4761 | 1,107 | 37271 | 33,1633
630VA

Tasv | 2.27% | 227 | 054 | 0,787 | 1,268 | 1,011 | 0,883 | 0.838 | 0,842 | 0,818 | 0,793 | 0732 | 0,664 | 181,346
T412V | 540% | 0,934 | 0,09 | 0179 | 034 | 0,422 | 0,246 | 0.202 | 0,143 | 0,203 | 0,155 | 0147 | 0,445 | 309,791
Ta22v | 10% | 0475 | 0,023 | 0,019 | 0.157 | 0,028 | 0,03 | 0,034 | 0,052 | 0,089 | 0,196 | 0705 3405 | 462,512
Ta42V | 19.10% | 0,648 | 0,107 | 0,139 | 0,917 | 0,304 | 0,316 | 041 | 0,611 | 0,098 | 2,019 | 6207 | 22,814 | 590,987
T24110V| 50% |1.2757] 3,258 | 3,95 | 6,077 | 6,019 | 7,533 | 9.895 | 13,533 | 20,457 | 33,952 | 74.665 | 167,95 | 702,502
T4 220V | 100% | 5,636 | 25,928 | 29,824 | 34,747 | 4055 | 48,803 | 59,629 | 75,502 | 99,951 | 146,995 | 247,252 | 408,727 | 782,144
T5230V | 100% | 2,381 | 14,215 | 16,649 | 19,743 | 23,602 | 29,013 | 36,301 | 47,169 | 65,425 | 99,106 | 179,033 | 313.382 | 648,263
T6 220V | 100% | 7.354 | 30,627 | 35,07 | 40,692 | 47,456 | 56,997 | 70,731 | 89,305 11%’02 171,39 | 284,37 | 460,791 | 865,598
750kVA

T753V | 13.25% | 1,5073 | 0,1409 | 0,2208 | 0,4991 | 0,3865 | 0,4292 | 0,4722 | 0,5824 | 0.8211 | 1,4398 | 4,0951 | 14,8961 |559,7025
T7200V| 50% |2,1943|7,0257 | 82622 | 10,050 | 11,907 | 14,677 | 18,528 | 24,672 | 34,745 | 53,8769 | 106,0923 | 215,6455 | 785,2688
T7400v | 100% | 10,976 | 42,39 | 47,669 | 54,479 | 62,565 | 72,957 | 86,952 102’80 13;’86 188,395 | 301,236 | 476,684 | 878,625
T7115V| 50% | 1,589 | 1,182 | 1475 | 1,96 | 2,294 | 2,845 | 3.758 | 5235 | 8,056 | 14,006 | 3343 | 84,403 | 487,838
T7230V| 100% | 3.157 | 10,351 | 12,031 | 14,287 | 16,893 | 20,635 | 25,832 | 33.778 | 46,29 | 70,59 | 128,995 | 234.173 | 514,905
1KVA

T85v | 2.27% |2,8581 | 0,6395 | 0,8661 | 1,2788 | 1,1153 | 1,0536 | 0,9933 | 0,0928 | 0,0499 | 1,0183 | 0,8352 | 0,8017 |148,2868
T812V | 5.45% |0,7227|0,0731 | 01017 | 0,1493 | 0,1247 | 0.1115 | 0,1073 | 0,1034 | 0,1035 | 0,1063 | 0.1215 | 0,2198 |234,6104
T8 24V | 10,90% | 0,646 | 0,0252 | 0,0443 | 0,0686 | 0,0502 | 0,0427 | 0,0431 | 0,0465 | 0,0654 | 0,1002 |0,3057"| 1,469 |333,1492
T8 36V | 16,36% | 0,6755 | 0,0731 | 0,1081 | 0,1524 | 0,1498 | 0.1667 | 0,2067 | 0,2845 | 0,4511 |0:8951"| 2,9491 | 13,1923 |508,4678
T8110V| 50% [0,8813 | 14678 | 1,7812 | 2,2072 | 2,7333 | 3,4736 | 4,6549 | 6,721 10’5’63 18,3531 | 44,2657 |111,1672|567,7382
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T8220V | 100% |2,9578|13,439| 15,613 | 18,493 | 22,120 | 27,058 | 34,001 | 43,988 | 61,128 | 91,9388 |167,5825|295,9126 | 608,5494
3 phase

350VA

T9 230V | 57,50% | 1,8443 | 4,2643 | 5,2384 | 6,3751 | 7,9837 | 9,2173 | 11,643 | 15,571 | 22,609 | 36,3103 | 74,1889 |157,7593| 640,247
T9 400V | 100% |6,9333 |28,335 | 32,554 | 37,207 | 43,527 | 50,608 | 60,587 | 75,506 | 98,437 | 138,94 | 22558 | 365,47 | 704,76
T9 230V | 57,50% | 2,7472 | 11,06 | 13,165 | 15,634 | 19,507 | 22,78 | 28,81 | 37,476 | 52,712 | 81,93 | 153,55 | 293,55 | 887,34
T9 400V | 100% |16,290 | 65,035 | 72,556 | 82,328 | 95,294 | 109,51 | 130,03 | 156,95 | 197,02 | 267,02 | 412,71 | 625,63 | 1092,8
T9 230V | 57,50% | 6,0858 | 10,559 | 14,431 | 18,025 | 20,374 | 23,798 | 29,615 | 38,58 | 53,67 | 82,16 | 152,34 | 294,26 | 880,07
T9 400V | 100% |19,988 | 64,917 | 72,722 | 83,903 | 95,434 | 109,93 | 128,82 | 157,01 | 199,56 | 268,35 | 411,89 | 624,9 | 1087,6
1.2kVA

T1024V | 57,10% |0,4111 | 0,0824 | 0,1296 | 0,1958 | 0,1622 | 0,0799 | 0,0651 | 0,0565 | 0,051 | 0,0517 | 0,0855 | 0,2971 | 17,076
T1042Vv| 100% |0,4687|0,1431|0,2245|0,2059 | 0,1365 | 0,1274 | 0,1235| 0,1359 | 0,1498 | 0,2259 | 0,4617 | 1,6481 | 17,592
5kVA

T11 100% | 1,002 | 0,2047 | 0,3295 | 0,4609 | 0,3964 | 0,3359 | 0,3773 | 0,2724 | 0,2229 | 0,1964 | 0,1974 | 0,274 3,234

20kVA

T12 100% |0,1953 | 0,6191 | 0,7395 | 0,9089 | 1,1559 | 1,4893 | 2,2883 | 3,1886 | 4,9768 | 9,1559 | 22,874 | 58,4675 |207,7306
40kVA

T13 100% | 0,0158 | 0,1869 | 0,2313 | 0,2836 | 0,3661 | 0,496 |0,6971 | 1,0749 | 1,8598 | 3,5984 | 10,2812 | 29,1399 | 110,254
ASLE |Wind% | 15kQ | 5kQ [45kQ| 4kQ |35kQ| 3kQ [25kQ| 2kQ |[15kQ| 1KkQ 500 Q | 200 Q 10

400VA

T15V 13,89% | 0,301 | 0,061 | 0,065 | 0,068 | 0,063 | 0,061 | 0,061 | 0,061 | 0,061 | 0,063 0,068 0,083 3,621

T112Vv | 33,33% | 0,283 | 0,034 | 0,036 | 0,047 | 0,041 | 0,041 | 0,045 | 0,049 | 0,053 | 0,065 0,098 0,194 4,263

T124V | 66,67% | 0,292 | 0,04 | 0,042 | 0,044 | 0,048 | 0,056 | 0,065 | 0,079 | 0,201 | 0,145 0,275 0,616 4,389

T136V | 100% |0,3005|0,1035|0,1142|0,1179|0,1236 | 0,1384 | 0,1567 | 0,1836 | 0,2285 | 0,3206 | 0,5772 | 1,2323 | 4,4734
T224v | 100% |0,2889 | 0,0535 | 0,0637 | 0,0796 | 0,0845 | 0,0915 | 0,1046 | 0,1255 | 0,1614 | 0,2284 | 0,4209 | 0,8805 | 4,1995
T324v | 100% |0,0674 |0,0652 | 0,0677 | 0,076 | 0,0779 | 0,0888 | 0,1052 | 0,1273 | 0,1645 | 0,2454 | 0,4349 | 0,905 | 4,2322
630VA

T4 5V 2,27% |0,1031| 0,058 | 0,066 | 0,075 |0,0695 | 0,0658 | 0,0644 | 0,0644 | 0,0642 | 0,0635 | 0,0643 | 0,0674 | 3,0013
T4 12V | 5,40% |0,0596 | 0,0276 | 0,0344 | 0,0396 | 0,0444 | 0,0353 | 0,0335 | 0,0307 | 0,0365 | 0,0367 | 0,0453 | 0,0803 | 4,7915
T4 22V 10% |0,0428|0,0183|0,0192 | 0,029 |0,0198 | 0,0208 | 0,0224 | 0,0255 | 0,0329 | 0,047 0,09 0,2103 | 6,8151
T4 42V | 19,10% | 0,0555 | 0,0419 | 0,0482 | 0,0639 | 0,0656 | 0,0664 | 0,0737 | 0,0888 | 0,1127 | 0,1584 | 0,2949 | 0,6477 | 8,6011
T4110v| 50% | 0,118 |0,2122 | 0,2396 | 0,2787 | 0,3021 | 0,3418 | 0,4009 | 0,4817 | 0,625 | 0,8652 | 1,4965 | 2,7445 | 10,6113
T4 220V | 100% |0,3092|0,7314|0,8031| 0,896 |0,9872| 1,126 |1,2929 | 1,5354 | 1,8934 | 2,5348 | 3,8352 | 5,9227 | 12,2967
T5230Vv | 100% |0,22820,5891 |0,6487|0,7179 | 0,8077 | 0,9242 | 1,0732 | 1,284 | 1,61 | 2,1721 | 3,4068 | 5,4073 | 11,7042
T6 220V | 100% |0,4176| 0,872 | 0,9596 | 1,0616 | 1,1644 | 1,3033 | 1,5008 | 1,7547 | 2,1453 | 2,7889 | 4,1333 | 6,226 | 12,5597
750kVA

T753V | 13,25% | 0,1254 | 0,0309 | 0,0364 | 0,0476 | 0,0459 | 0,0491 | 0,0524 | 0,0591 | 0,0712 | 0,0953 | 0,168 | 0,3747 | 6,4439
T7200vV| 50% |0,1777|0,2415]|0,2677 | 0,3046 | 0,3379 | 0,3843 | 0,4474 | 0,5415 | 0,687 | 0,9427 | 1,5828 | 2,8264 | 10,069
T7 400V | 100% |0,3823|0,7667 | 0,8401 | 0,9346 | 1,0332 | 1,1589 | 1,3271 | 1,5617 | 1,9233 | 2,5068 | 3,831 5,968 | 12,4449
T7115v| 50% |0,1575|0,1095|0,1251 | 0,1458 | 0,1599 | 0,1797 | 0,2113 | 0,2568 | 0,3353 | 0,4814 | 0,8865 | 1,8144 | 9,8277
T7230V | 100% |0,2457 | 0,3943 | 0,4387 | 0,4962 | 0,5533 | 0,6331 | 0,7411 | 0,8995 | 1,1396 | 1,5854 2,62 4,4965 | 10,781
1kVA
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T8 5V 2,27% | 0,236 | 0,044 | 0,049 | 0,056 | 0,054 | 0,053 | 0,052 | 0,052 | 0,051 | 0,053 0,051 0,054 3,057
T812Vv | 545% | 0,181 | 0,027 | 0,03 | 0,034 | 0,032 | 0,031 | 0,031 | 0,031 | 0,032 | 0,035 0,042 0,065 4,564
T824Vv | 10,90% | 0,177 | 0,018 | 0,022 | 0,025 | 0,023 | 0,023 | 0,024 | 0,026 | 0,031 0,04 0,07 0,154 6,226
T836V | 16,36% | 0,177 | 0,037 | 0,043 | 0,048 | 0,049 | 0,053 | 0,059 | 0,069 | 0,086 | 0,122 0,226 0,532 9,072
T8110v| 50% | 0,204 | 0,158 | 0,175 | 0,196 | 0,218 | 0,246 | 0,289 | 0,356 | 0,459 | 0,654 1,17 2,279 | 10,432
T8220Vv | 100% | 0,324 | 0,536 | 0,589 | 0,657 | 0,734 | 0,834 | 0,97 | 1,156 | 1,459 | 1,976 3,176 5192 | 11,516
3 phase

350VA

T9 230V | 57,50% | 0,102 | 0,173 | 0,1984 | 0,2264 | 0,2539 | 0,2812 | 0,3248 | 0,3973 | 0,5153 | 0,7266 | 1,2536 | 2,3194 | 9,474
T9 400V | 100% |0,2555]0,6158 | 0,6856 | 0,7579 | 0,8443 | 0,9473 | 1,0831 | 1,2824 | 1,5826 | 2,0955 | 3,1752 | 4,9813 | 10,93
T9 230V | 57,50% |0,1749 | 0,3605 | 0,4043 | 0,4495 | 0,5027 | 0,5588 | 0,6493 | 0,7656 | 0,9569 | 1,2892 | 2,0253 | 3,3092 | 9,341
T9 400V | 100% |0,4857|1,1279|1,2197 | 1,343 |1,4834|1,6419|1,8594 | 2,1377 | 2,541 | 3,2297 4,64 6,7619 | 13,145
T9 230V | 57,50% |0,2377 | 0,3651 | 0,4547 | 0,5148 | 0,5504 | 0,6031 | 0,6884 | 0,812 | 1,003 | 1,3324 | 2,0556 | 3,3635 | 9,294
T9 400V | 100% |0,5495| 1,152 | 1,256 |1,3933|1,5229|1,6734|1,8713|2,1649 |2,6033 | 3,2713 | 4,6552 | 6,7727 | 13,061
1.2kVA

T10 24V | 57,10% | 0,0631 | 0,0365 | 0,0419 | 0,049 | 0,0488 | 0,0391 | 0,0386 | 0,0408 | 0,0444 | 0,0552 | 0,0913 | 0,1928 | 2,708
T1042v| 100% | 0,071 |0,0542 |0,0629 | 0,0646 | 0,0637 | 0,0659 | 0,0715 | 0,0822 | 0,0976 | 0,1353 | 0,2276 | 0,4769 | 2,777
5kVA

T11 100% | 0,0907 | 0,0467 | 0,0569 | 0,0619 | 0,0613 | 0,0572 | 0,062 | 0,0564 | 0,0584 | 0,0654 | 0,0939 | 0,1694 | 1,256
20kVA

T12 100% | 0,0858 | 0,1642 | 0,1826 | 0,1999 | 0,2318 | 0,2705 | 0,4075 | 0,4784 | 0,6125 | 0,8685 | 1,5419 | 2,9579 | 9,172
40kVA

T13 100% |0,0307 | 0,101 |0,1148|0,1279 | 0,1432 | 0,1663 | 0,1994 | 0,2509 | 0,3352 | 0,4798 | 0,8784 | 1,7367 | 6,386
DABS |Wind.% | 15kQ | 5kQ [45kQ| 4kQ [35kQ| 3kQ [25kQ| 2kQ |15kQ| 1KkQ 500 Q | 200Q 10
400VA

T15V 13,89% | 0,628 | 0,2293 | 0,2502 | 0,2619 | 0,2441 | 0,239 | 0,2369 | 0,2345 | 0,2345 | 0,2377 | 0,247 | 0,2759 | 4,887
T112Vv | 33,33% |0,5736|0,1161 | 0,1251 | 0,1703 | 0,1393 | 0,1388 | 0,147 | 0,1602 | 0,1643 | 0,1905 | 0,2565 | 0,4501 | 5,3124
T124V | 66,67% |0,6051 | 0,1037 | 0,1063 | 0,1089 | 0,114 |0,1332 | 0,1544 | 0,1825|0,2295| 0,319 | 0,5908 | 1,2599 | 5,4784
T136V | 100% |0,6349 |0,2986 | 0,3319 | 0,3302 | 0,3282 | 0,3599 | 0,392 | 0,4408 | 0,526 | 0,7047 | 1,1902 | 2,3275 | 5,5998
T224v | 100% |0,4476 |0,0928 | 0,1141 | 0,1569 | 0,1551 | 0,1593 | 0,1749 | 0,2042 | 0,2567 | 0,3522 | 0,622 | 1,2245 | 4,3398
T324V | 100% |0,2294|0,1429|0,1294 | 0,1448 | 0,1257 | 0,1386 | 0,1677 | 0,1982 | 0,2528 | 0,4067 | 0,6739 | 1,2854 | 4,3946
630VA

T4 5V 2,27% | 0,415 |0,2234|0,2577| 0,3 | 0,274 |0,2588|0,2535|0,2539 | 0,2536 | 0,253 0,259 | 0,2794 | 9,8658
T412Vv | 5,40% |0,2459 | 0,1065 | 0,1362 | 0,162 | 0,1807 | 0,1454 | 0,1388 | 0,1285 | 0,1554 | 0,1614 | 0,2104 | 0,3917 | 13,2379
T4 22V 10% |0,1767| 0,082 |0,0834|0,1325| 0,092 | 0,099 | 0,1069 | 0,1263 | 0,1647 | 0,2378 | 0,4564 | 1,0357 | 16,8557
T4 42v | 19,10% |0,2383 | 0,1964 | 0,2269 | 0,3129 | 0,3122 | 0,3234 | 0,3644 | 0,4422 | 0,5651 | 0,7962 | 1,4389 | 2,9666 | 19,4608
T4 110V | 50% |0,5493|1,0447 |1,1725|1,3676 | 1,4658 | 1,6473 | 1,9112 | 2,2649 | 2,869 | 3,8281 | 6,1194 | 9,9553 | 22,4322
T4 220V | 100% |1,4501 |3,2995 | 3,5913 | 3,9527 | 4,2965 | 4,8159 | 5,4149 | 6,2536 | 7,4337 | 9,3707 | 12,7978 | 17,1467 | 24,3385
T5230V | 100% |0,9783 |2,4586 | 2,6864 | 2,938 | 3,2674 | 3,6768 | 4,1917 | 4,8905 | 5,9207 | 7,5661 | 10,7425 | 14,8505 | 21,9115
T6220V | 100% |1,8889|3,9243|4,2743|4,6735|5,0692 | 5,5937 | 6,3161 | 7,2081 | 8,5088 | 10,4854 | 14,0649 | 18,4375 | 25,5776
750kVA

T753V | 13,25% |0,3851|0,1471|0,1721|0,2183 | 0,2177 | 0,2376 | 0,2614 | 0,303 | 0,3759 | 0,5161 | 0,9218 | 1,9644 | 17,949
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T7200vV| 50% |0,6915|1,2846|1,4139| 1,589 | 1,754 |1,9808 |2,2787 | 2,711 |3,3516 | 4,4126 | 6,7933 | 10,6565 | 22,5893
T7 400V | 100% |1,8046 |3,7217 | 4,0249 | 4,4047 | 4,7966 | 5,2812 | 5,9069 | 6,7406 | 7,9492 | 9,7282 | 13,1885 | 17,5729 | 25,0576
T7115vV| 50% |0,5284 |0,4955| 0,561 | 0,6465|0,7094 | 0,7958 | 0,9292 | 1,1177 | 1,4311 | 1,9864 | 3,3885 | 6,1082 | 18,1382
T7230V | 100% |0,9421|1,6564 |1,8238|2,0369 | 2,2439 | 2,527 |2,8989 | 3,4242 | 4,1798 | 54771 | 8,0828 | 11,8344 | 19,0058
1kVA

T8 5V 2,27% |0,7294 | 0,1584 | 0,1781 | 0,2048 | 0,1931 | 0,1882 | 0,1836 | 0,1838 | 0,1813 | 0,1894 | 0,1846 | 0,2037 | 9,0657
T812Vv | 545% |0,5344|0,0884| 0,1 | 0,115 |0,1101 |0,1053|0,1067 | 0,1085|0,1131| 0,1269 | 0,1633 | 0,2684 | 11,4946
T8 24V | 10,90% | 0,5138|0,0679 | 0,0816 | 0,0951 | 0,0902 | 0,0902 | 0,0967 | 0,1082 | 0,1337 | 0,1757 | 0,3132 | 0,6858 | 14,1035
T836V | 16,36% |0,5248 | 0,1507 | 0,1752 | 0,1987 | 0,2075 | 0,2256 | 0,255 |0,3024 | 0,3828 | 0,5411 | 0,9946 | 2,228 | 18,5204
T8 110V | 50% | 0,677 |0,6996 | 0,774 |0,8651 |0,9603 | 1,0829 | 1,2631 | 1,5383 | 1,9491 | 2,6894 | 4,4845 | 7,7862 | 20,3332
T8220V | 100% |1,2378 | 2,2523 | 2,4551 | 2,7095 | 2,9934 | 3,3565 | 3,8312 | 4,4591 | 5,4262 | 6,9533 | 10,0429 | 14,1643 | 21,3515
3 phase

350VA

T9 230V | 57,50% | 0,5142 | 0,9001 | 1,031 | 1,1679 | 1,3067 | 1,4251 | 1,6222 | 1,9456 | 2,4494 | 3,3007 | 5,2048 | 8,4217 | 19,71
T9 400V | 100% |1,27892,8609 | 3,1579 | 3,4435 | 3,7869 | 4,1545 | 4,6369 | 5,3221 | 6,3008 | 7,8334 | 10,607 | 14,2458 | 20,72
T9 230V | 57,50% | 0,9285 | 1,9736 | 2,2021 | 2,429 |2,7077 | 2,972 | 3,4061 | 3,9433 | 4,7976 | 6,1959 | 8,9911 | 13,1024 | 23,635
T9 400V | 100% |2,5588 | 5,5091 | 5,9013 | 6,4045 | 6,9828 | 7,5786 | 8,3811 | 9,3689 10’7723 12,8528 | 16,6136 | 21,0461 | 28,167
T9 230V | 57,50% | 1,1625|1,9673 | 2,3871 | 2,6682 | 2,862 |3,1293 | 3,544 | 4,12 |4,9738| 6,3603 | 9,107 | 13,2996 | 23,572
T9 400V | 100% |2,8308 | 5,5933 | 6,0274 | 6,5861 | 7,0978 | 7,6766 | 8,4112 | 9,4561 | 10,934 | 12,9776 | 16,6586 | 21,094 | 28,071
1.2kVA

T10 24V | 57,10% | 0,1968 | 0,1026 | 0,1204 | 0,1434 | 0,1373 | 0,1024 | 0,0955 | 0,0943 | 0,0965 | 0,1093 | 0,1606 | 0,3024 | 2,692
T1042v| 100% |0,21760,1399|0,1623|0,1673 | 0,154 | 0,1501 | 0,1548 | 0,1693 | 0,1884 | 0,2459 | 0,3626 | 0,6935 | 2,779
5kVA

T11 100% |0,2883|0,1404 | 0,1744 | 0,1933 | 0,1846 | 0,1663 | 0,1773 | 0,153 |0,1447 | 0,1478 | 0,1783 | 0,2583 | 1,063
20kVA

T12 100% | 0,2545 | 0,4616 | 0,5112 | 0,5581 | 0,6396 | 0,7377 | 1,0571 | 1,238 | 1,5567 | 2,1448 | 3,552 | 6,0422 | 12,401
40kVA

T13 100% |0,0743|0,2439 |0,2743 | 0,3046 | 0,342 |0,3958 | 0,47 |0,5865|0,7745| 1,0877 | 1,8997 | 3,4207 8,13
RMSE |Wind% |15kQ | 5kQ |[45kQ| 4kQ [35kQ| 3kQ [25kQ| 2kQ [15kQ| 1kQ 500 Q 200 Q 1Q
400VA

T15V 13,89% | 0,1282 | 0,073 | 0,085 | 0,093 | 0,0862 | 0,0847 | 0,084 |0,0829 | 0,0823 | 0,0819 | 0,0804 | 0,077 | 0,4942
T112Vv | 33,33% |0,1051| 0,029 | 0,032 | 0,0496 | 0,0359 | 0,0345 | 0,0358 | 0,038 |0,0355| 0,0368 | 0,0381 | 0,0561 | 0,5269
T124Vv | 66,67% |0,1191 | 0,0157 | 0,0153 | 0,0156 | 0,0152 | 0,0179 | 0,0208 | 0,0244 | 0,0304 | 0,042 | 0,0762 | 0,154 0,537
T136V | 100% |0,1245 | 0,0536 | 0,0623 | 0,0608 | 0,0541 | 0,0564 | 0,056 |0,0581 |0,0658 | 0,0859 | 0,1431 | 0,2639 | 0,5404
T224v | 100% |0,0815 |0,0112 |0,0157 | 0,0311 | 0,0247 | 0,0218 | 0,022 | 0,0246 | 0,0303 | 0,0412 | 0,0727 | 0,1407 | 0,4215
T324V | 100% |0,0675|0,0275|0,0186 | 0,0192 | 0,0132 | 0,0141 | 0,0172 | 0,0205 | 0,0266 | 0,0473 | 0,0721 | 0,1323 | 0,3947
630VA

T4 5V 2,27% |0,0439 | 0,0214 | 0,0258 | 0,0328 | 0,0293 | 0,0274 | 0,0266 | 0,0267 | 0,0263 | 0,0259 | 0,0249 | 0,0237 | 0,3921
T4 12V | 5,40% |0,0282|0,0088|0,0124 | 0,017 | 0,019 |0,0145]|0,0131| 0,011 |0,0132| 0,0115 | 0,0112 | 0,0195 | 0,5143
T4 22V 10% |0,0202 | 0,0045 | 0,004 | 0,0116 | 0,0049 | 0,0051 | 0,0054 | 0,0067 | 0,0088 | 0,0129 | 0,0246 | 0,054 | 0,6296
T4 42V | 19,10% | 0,0235 | 0,0096 | 0,0109 | 0,028 | 0,0161 | 0,0164 | 0,0187 | 0,0228 | 0,0292 | 0,0415 | 0,0728 | 0,1396 | 0,7104
T4110v| 50% |[0,0329 | 0,0527 | 0,058 |0,0719|0,0716 | 0,0801 | 0,0918 | 0,1073 | 0,132 0,17 0,2521 | 0,3781 | 0,7734
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T4 220V | 100% |0,0693 |0,1487 |0,1595|0,1722| 0,186 | 0,204 |0,2255|0,2538 | 0,292 | 0,3541 | 0,4592 | 0,5905 | 0,8168
T5230v | 100% | 0,049 |0,1198 |0,1296 |0,1412|0,1543|0,1711 | 0,1914|0,2182 | 0,257 | 0,3163 | 0,4251 | 0,5624 | 0,8088
T6 220V | 100% | 0,076 | 0,155 | 0,1659|0,1787 | 0,1929 | 0,2114 | 0,2356 | 0,2647 | 0,3056 | 0,3667 | 0,4723 | 0,6012 | 0,824
750kVA

T753V | 13,25% | 0,0364 | 0,0111 | 0,0139 | 0,021 | 0,0184 | 0,0194 | 0,0204 | 0,0226 | 0,0269 | 0,0356 0,06 0,1145 | 0,7019
T7 200V | 50% |0,04390,0786 |0,0852| 0,094 |0,1023|0,1136 |0,1276|0,1473|0,1748 | 0,2177 | 0,3054 | 0,4355 | 0,831
T7 400V | 100% |0,0984|0,1933| 0,205 | 0,2192 | 0,2349 | 0,2536 | 0,2769 | 0,3069 | 0,3487 | 0,4076 | 0,5154 | 0,6483 | 0,8802
T7 115V | 50% |0,0453| 0,039 |0,0436 |0,0503 | 0,0544 | 0,0606 | 0,0696 | 0,0822 | 0,1019 | 0,1344 | 0,2077 0,33 0,7933
T7230V| 100% |0,0638|0,1156 | 0,1246 | 0,1358 | 0,1476 | 0,1632 | 0,1826 | 0,2088 | 0,2444 | 0,3018 | 0,408 | 0,5497 | 0,8151
1kVA

T8 5V 2,27% |0,0554 | 0,0262 | 0,0305 | 0,0371 | 0,0346 | 0,0337 | 0,0327 | 0,0327 | 0,032 | 0,0331 0,03 0,0294 | 0,3992
T812V | 5,45% |0,0282 | 0,009 |0,0106|0,0128|0,0117 |0,0111 |0,0109|0,0107 | 0,0107 | 0,0108 | 0,0116 | 0,0156 | 0,5082
T8 24V | 10,90% | 0,0267 | 0,0053 | 0,007 | 0,0087 | 0,0074 | 0,0069 | 0,0069 | 0,0072 | 0,0085 | 0,0105 | 0,0183 | 0,0402 | 0,6057
T8 36V | 16,36% | 0,0273 | 0,009 |0,0109| 0,013 | 0,0128 | 0,0136 | 0,0151|0,0177|0,0223 | 0,0314 | 0,057 | 0,1206 | 0,7485
T8110V| 50% |0,0312 | 0,0402 | 0,0443|0,0493 | 0,0549 | 0,0619 | 0,0716 | 0,086 |0,1068 | 0,1422 | 0,2208 | 0,3499 | 0,7908
T8 220V | 100% |0,0571|0,1218|0,13130,1429 | 0,1563 | 0,1728 | 0,1938 | 0,2204 | 0,2598 | 0,3186 | 0,4302 | 0,5716 | 0,8197
3 phase

350VA

T9 230V | 57,50% | 0,0438 | 0,0665 | 0,0737 | 0,0813 | 0,091 |0,0978 | 0,1099 | 0,1271|0,1532 | 0,1941 | 0,2775 | 0,4046 | 0,8152
T9 400V | 100% |0,0847|0,1713|0,1836 | 0,1963 | 0,2123 | 0,229 | 0,2505 | 0,2797 | 0,3193 | 0,3794 | 0,4834 | 0,6153 | 0,8549
T9 230V | 57,50% | 0,0434 | 0,087 |0,0949|0,1035 | 0,1156 | 0,1249 | 0,1405| 0,1602 | 0,19 | 0,2368 | 0,3243 | 0,4483 | 0,7807
T9 400V | 100% |0,1055|0,2109 | 0,2227 | 0,2372 | 0,2552 | 0,2736 | 0,2982 | 0,3276 | 0,367 | 0,4273 | 0,5312 | 0,654 | 0,8645
T9 230V | 57,50% | 0,0645 | 0,0849 | 0,0993 | 0,111 | 0,118 | 0,1275 | 0,1422|0,1623 | 0,1915| 0,2369 | 0,3226 | 0,4483 | 0,7753
T9 400V | 100% |0,1169|0,2107 | 0,223 | 0,2396 | 0,2555 | 0,2742 | 0,2968 | 0,3277 | 0,3695 | 0,4284 | 0,5308 | 0,6538 | 0,8625
1.2kVA

T10 24V | 57,10% | 0,0486 | 0,0218 | 0,0273 | 0,0335 | 0,0305 | 0,0214 | 0,0193 | 0,018 |0,0171| 0,0172 | 0,0222 | 0,0413 | 0,3133
T1042v| 100% |0,0519|0,0287 | 0,0359 | 0,0344 | 0,028 | 0,0271|0,0266 | 0,028 | 0,0293 | 0,036 | 0,0515 | 0,0973 | 0,318
5kVA

T11 100% | 0,0865 | 0,0391 | 0,0496 | 0,0586 | 0,0544 | 0,0501 | 0,0531 | 0,0451 | 0,0408 | 0,0383 | 0,0384 | 0,0452 | 0,1553
20kVA

T12 100% | 0,0217 | 0,0386 | 0,0422 | 0,0468 | 0,0528 | 0,0599 | 0,0743 | 0,0877 | 0,1095 | 0,1486 | 0,2348 | 0,3755 | 0,708
40kVA

T13 100% | 0,008 |0,0276 | 0,0307 | 0,034 |0,0386 | 0,045 |0,0533|0,0662 |0,0871 | 0,1211 | 0,2048 | 0,3447 | 0,6706
ED Wind.% | 15kQ | 5kQ |[45kQ| 4kQ [35kQ| 3kQ |[25kQ| 2kQ |[15kQ| 1KkQ 500 Q | 200Q 10
400VA

T15V 13,89% | 59,781 | 34,044 | 39,608 | 43,347 | 40,199 | 39,499 | 39,184 | 38,666 | 38,383 | 38,173 | 37,492 | 35,921 | 230,414
T112V | 33,33% | 49,179 | 13,567 | 14,957 | 23,207 | 16,824 | 16,14 | 16,753 |17,769 | 16,6 | 17,234 | 17,819 | 26,255 | 246,622
T124V | 66,67% |55,654| 7,36 | 7,165 | 7,268 | 7,116 | 8,388 | 9,727 | 11,418 | 14,187 | 19,645 | 35,61 | 71,986 | 250,932
T1 36V 100% | 58,307 | 25,109 | 29,159 | 28,463 | 25,35 | 26,395 | 26,248 | 27,231 | 30,799 | 40,227 | 67,038 | 123,6 | 253,095
T2 24V 100% | 33,779 | 4,637 | 6,509 | 12,895 |10,229 | 9,03 | 9,11 |10,203|12,574| 17,061 | 30,136 | 58,296 | 174,679
T3 24V 100% | 30,743 |12,524| 8,48 | 8,754 | 5,997 | 6,421 | 7,817 | 9,349 | 12,123 | 21,546 | 32,853 | 60,282 | 179,817
630VA
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T4 5V 2,27% | 47,042 | 22,949 | 27,692 | 35,159 | 31,397 | 29,346 | 28,58 | 28,656 | 28,237 | 27,801 | 26,708 | 25,451 | 420,49
T412V | 540% (30,183 | 9,39 | 13,201 |18,213| 20,272 | 15,487 | 14,047 | 11,793 | 14,073 | 12,292 | 11,97 20,82 | 549,587
T4 22V 10% |21,521| 4,779 | 4,263 | 12,351 | 5,252 | 5,443 | 5,775 | 7,12 | 9,334 | 13,81 | 26,222 | 57,619 | 671,527
T4 42V | 19,10% | 25,131 | 10,22 | 11,637 | 29,902 | 17,217 | 17,554 | 20,003 | 24,415 | 31,199 | 44,369 | 77,792 | 149,144 | 759,086
T4 110V | 50% |[35,252 | 56,363 | 62,061 | 76,977 | 76,603 | 85,701 | 98,225 | 114,87 | 141,23 | 181,942 | 269,812 | 404,662 | 827,611
T4 220V | 100% | 74,13 | 158,10 | 170,52 | 184,06 | 198,84 | 218,14 | 241,12 | 271,32 | 312,17 | 378,576 | 490,99 | 631,275 | 873,264
T5230V| 100% |48,185|117,73|127,41|138,74|151,70| 168,19 | 188,13 | 214,45 | 252,57 | 310,851 | 417,801 | 552,763 | 795,02
T6 220V | 100% |84,679|172,81|184,91|199,19 | 215,10 | 235,74 | 262,61 | 295,08 | 340,67 | 408,785 | 526,556 | 670,277 | 918,672
750kVA

T753V | 13,25% | 38,336 | 11,723 | 14,673 | 22,059 | 19,413 | 20,456 | 21,457 | 23,83 | 28,295 | 37,467 | 63,188 | 120,514 | 738,722
T7200V | 50% |46,254 | 82,765 | 89,753 | 98,987 | 107,75 | 119,63 | 134,40 | 155,10 | 184,06 | 229,194 | 321,621 | 458,535 | 875,007
T7 400V | 100% |103,45|203,30 | 215,59 | 230,47 | 246,98 | 266,71 | 291,17 | 322,70 | 366,64 | 428,585 | 541,946 | 681,738 | 925,559
T7115v| 50% |39,364|33,943|37,917 | 43,714 | 47,296 | 52,667 | 60,53 | 71,442 | 88,624 | 116,857 | 180,539 | 286,868 | 689,668
T7230V| 100% |55,484|100,46 | 108,31 |118,02 | 128,34 | 141,84 | 158,70 | 181,48 | 212,44 | 262,346 | 354,641 | 477,827 | 708,542
1kVA

T8 5V 2,27% | 52,789 | 24,970 | 29,059 | 35,311 | 32,976 | 32,051 | 31,120 | 31,113 | 30,433 | 31,509 | 28,5363 | 27,9585 |380,2363
T812V | 545% |26,544 |8,4422|9,9553 | 12,067 | 11,028 | 10,427 | 10,229 | 10,041 | 10,045 | 10,1801 | 10,8831 | 14,6396 [478,2731
T824Vv | 10,90% |25,096 | 4,959 | 6,571 | 8,179 | 6,998 | 6,451 | 6,481 | 6,736 | 7,983 | 9,885 | 17,263 | 37,845 | 569,93
T8 36V | 16,36% | 25,663 | 8,441 | 10,265 |12,188 | 12,084 | 12,749 | 14,195 | 16,655 | 20,972 | 29,541 | 53,622 | 113,413 | 704,1

T8 110V | 50% |[29,313 | 37,829 | 41,674 | 46,39 | 51,623 | 58,196 | 67,369 | 80,951 | 100,52 | 133,77 | 207,748 | 329,223 | 744,006
T8220V | 100% |123,40|122,92|131,32|141,78|153,75|168,74 | 187,53 | 212,03 | 248,34 | 302,89 | 406,938 | 540,111 |774,7858
3 phase

350VA

T9 230V | 57,50% |42,405 | 64,48 | 71,466 | 78,84 | 88,228 | 94,799 | 106,55 | 123,21 | 148,47 | 188,16 | 268,95 | 392,19 | 790,09
T9 400V | 100% |82,219|166,21|178,16 | 190,46 | 206,01 | 222,13 | 243,05 | 271,33 | 309,8 | 368,06 | 468,97 | 596,94 | 828,94
T9 230V | 57,50% |51,755|103,85| 113,29 | 123,46 | 137,91 | 149,03 | 167,6 | 191,15 | 226,7 | 282,63 | 386,93 | 534,99 | 930,14
T9 400V | 100% |126,03 | 251,81 | 265,97 | 283,32 | 304,81 | 326,77 | 356,06 | 391,19 | 438,28 | 510,24 | 634,34 | 781,02 | 1032,2
T9 230V | 57,50% | 77,03 | 101,47 | 118,62 | 132,57 | 140,94 | 152,33 | 169,93 | 193,95 | 228,75 | 283,04 | 3854 | 535,63 | 926,32
T9 400V | 100% | 139,6 | 251,58 | 266,28 | 286,02 | 305,04 | 327,38 | 354,41 | 391,26 | 441,11 | 511,51 | 633,71 | 780,56 | 1029,7
1.2kVA

T10 24V | 57,10% | 20,02 |8,9636 | 11,241 | 13,815 | 12,575 | 8,8236 | 7,9657 | 7,4232 | 7,0515 | 7,0996 | 9,1307 | 17,019 | 129,03
T1042Vv| 100% |21,378|11,811|14,796 |14,167 | 11,537 |11,146|10,972|11,513 12,086 | 14,84 | 21,216 | 40,086 | 130,97
5kVA

T11 100% | 31,257 | 14,129 | 17,925 | 21,198 | 19,659 | 18,097 | 19,18 | 16,297 | 14,743 | 13,838 | 13,872 | 16,345 | 56,155
20kVA

T12 100% | 13,799 | 24,57 | 26,853 | 29,769 | 33,572 | 38,107 | 47,235 | 55,758 | 69,659 | 94,483 | 149,34 | 238,76 | 450,04
40kVA

T13 100% |3,9209 | 13,5 |15,016 | 16,63 | 18,894 | 21,991 | 26,071 | 32,374 | 42,583 | 59,232 | 100,12 | 168,56 | 327,87
CSD Wind.% | 15kQ | 5kQ [45kQ| 4kQ |35kQ| 3kQ [25kQ| 2kQ |[15kQ| 1KkQ 500Q | 200Q 10

400VA

T15V 13,89% | 1,8973 | 1,0908 | 1,2691 | 1,3889 | 1,288 | 1,2656 | 1,2555 | 1,2388 | 1,2297 | 1,223 | 1,2009 | 1,1494 | 6,5474
T112Vv | 33,33% | 1,564 |0,4322|0,4764 | 0,741 | 0,5352 | 0,5128 | 0,5319 | 0,5638 | 0,5244 | 0,5411 | 0,5449 | 0,7648 | 6,2932
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T124V | 66,67% |1,7719|0,2316 | 0,222 | 0,2212 | 0,2136 | 0,2522 | 0,2914 | 0,3401 | 0,4191 | 0,5753 | 1,0334 | 2,0509 | 6,1523
T136V | 100% |1,8604 |0,7978 | 0,9254|0,8995| 0,795 |0,8228 | 0,8073 | 0,8223 | 0,9111 | 1,1642 | 1,8937 | 3,3885 | 6,069
T224Vv | 100% |1,0522 |0,1346 | 0,1955 | 0,4059 | 0,3139 | 0,2672 | 0,2615 | 0,288 | 0,3516 | 0,4741 | 0,8296 | 1,5722 | 4,2368
T324V | 100% |0,9604 | 0,4009 | 0,2673 | 0,2536 | 0,1674 | 0,1799 | 0,2264 | 0,2585 | 0,3379 | 0,6576 | 0,9603 | 1,668 | 4,0972
630VA

T4 5V 2,27% |1,45330,7108 | 0,8581|1,1004 | 0,9746 | 0,911 | 0,8871|0,8891 | 0,8757 | 0,8625 | 0,8256 | 0,776 | 10,113
T412Vv | 540% |0,9358 | 0,283 | 0,402 |0,5671|0,6252 | 0,4757 | 0,4296 | 0,357 | 0,425 | 0,3617 | 0,3247 | 0,5475 | 12,609
T4 22V 10% |0,6687|0,1481 10,1126 | 0,3821 | 0,1482 | 0,1475 | 0,1604 | 0,1963 | 0,2564 | 0,386 0,716 | 1,5743 | 14,745
T4 42V | 19,10% |0,7765 | 0,2752 | 0,3057 | 0,9347 | 0,4646 | 0,4701 | 0,5377 | 0,6568 | 0,8385 | 1,1962 | 2,0739 | 3,8423 | 15,673
T4110v| 50% | 1,088 |1,5058 | 1,647 | 2,148 |2,0173 | 2,248 | 2,5636 | 2,9796 | 3,6109 | 4,5708 | 6,459 | 9,0404 | 15,81
T4 220V | 100% |1,9448 | 3,9683 | 4,2042 | 4,5167 | 4,8507 | 5,2572 | 5,7482 | 6,3652 | 7,1449 | 8,3738 | 10,204 | 12,015 | 14,925
T5230V | 100% |1,2498|2,9955 | 3,2237 | 3,4547 | 3,7669 | 4,134 | 4,5758 | 5,1448 | 5,9195 | 7,0502 | 8,9891 | 11,093 | 14,451
T6 220V | 100% |1,9857|4,0199 | 4,2297 | 4,5021 | 4,8448 | 5,2805 | 5,8076 | 6,4263 | 7,2444 | 8,4269 | 10,264 | 12,161 | 15,611
750kVA

T753V | 13,25% | 1,2284 | 0,3553 | 0,4486 | 0,6902 | 0,5977 | 0,6263 | 0,6493 | 0,7137 | 0,8383 | 1,0999 | 1,8166 | 3,3494 | 16,468
T7200V| 50% |1,4493|2,3541 | 2,5448 | 2,8049 | 3,0304 | 3,3382 | 3,7178 | 4,2388 | 4,9451 | 5,9958 | 7,9592 | 10,505 | 17,713
T7 400V | 100% | 3,006 |5,4219|5,7039| 6,054 | 6,4167 | 6,8445| 7,363 | 8,0088 | 8,8664 | 10,004 | 11,889 | 13,935 | 17,223
T7115vV| 50% |1,2572{0,9838|1,0993|1,2799 | 1,3702 | 1,5161 | 1,7318 | 2,0296 | 2,4944 | 3,2355 | 4,8007 | 7,1085 | 14,042
T7230V| 100% |1,6925|2,8051 |3,0069 | 3,2667 | 3,5229 | 3,8574 | 4,2693 | 4,8108 | 5,5181 | 6,5876 | 8,3638 | 10,351 | 13,449
1kVA

T8 5V 2,27% |0,6399 | 0,7888 | 0,9202 | 0,8237 | 0,9472 | 0,8162 | 0,9859 | 0,9855 | 0,9638 | 0,998 | 0,9011 | 0,8781 9,31
T812Vv | 545% |0,8487 |0,2705| 0,319 |0,3866 | 0,3533 | 0,3339 | 0,3274 | 0,321 |0,3207 | 0,3236 | 0,3402 | 0,4316 114
T8 24V | 10,90% | 0,8027 | 0,1577 | 0,2093 | 0,2611 | 0,2222 | 0,2028 | 0,2013 | 0,2056 | 0,2407 | 0,289 0,489 | 1,0441 | 13,001
T836V | 16,36% |0,8204 | 0,2583 | 0,316 |0,3778|0,3682 | 0,3816 | 0,4185 | 0,4837 | 0,6011 | 0,8343 | 1,4796 | 3,0127 | 14,767
T8 110V | 50% | 0,911 |1,0618|1,1676|1,2994 |1,4351|1,6068 | 1,8469 |2,1993 |2,6991 | 3,5247 | 5,2494 | 7,7887 | 14,705
T8220V | 100% |1,4854 |3,0432 |3,2633 | 3,534 | 3,8336 | 4,2001 | 4,6534 | 5,2161 | 6,019 | 7,1487 | 9,0646 | 10,992 | 13,778
3 phase

350VA

T9 230V | 57,50% |1,3039 | 1,8936 | 2,1067 | 2,2975 | 2,5982 | 2,7436 | 3,0564 | 3,4988 | 4,154 | 5,1479 | 7,0324 | 9,6381 | 17,017
T9 400V | 100% |2,3784|4,5997 | 4,9141| 5,179 | 5,616 |5,9574|6,4371|7,0778 | 7,9239 | 9,1579 | 11,162 | 13,5209 | 17,334
T9 230V | 57,50% |1,4736 | 2,7641 | 3,0195 | 3,2265 | 3,6845 | 3,8775 | 4,3131 | 4,8365 | 5,6244 | 6,8097 | 8,8586 | 11,542 | 18,745
T9 400V | 100% |3,2411|6,1019|6,4079 | 6,6855 | 7,2317 | 7,6032 | 8,1498 | 8,8027 | 9,6552 | 10,913 | 12,939 | 15,11 | 18,656
T9 230V | 57,50% |2,1958 | 2,6333 | 3,013 | 3,3656 | 3,5612 | 3,823 |4,2234 | 4,7609 | 5,5185 | 6,6397 | 8,6219 | 11,324 | 18,67
T9 400V | 100% |3,4898|5,9587 | 6,2138 | 6,5752 | 6,9527 | 7,4232 | 7,955 | 8,6393 |9,4995 | 10,759 | 12,764 | 14,947 | 18,731
1.2kVA

T10 24V | 57,10% | 0,6198 | 0,2817 | 0,3516 | 0,4354 | 0,3895 | 0,2717 | 0,243 | 0,2252 | 0,2133 | 0,21 0,2671 | 0,4978 | 3,4025
T1042Vv| 100% |0,6509 | 0,3657 | 0,4532 | 0,4275|0,3412 | 0,3303 | 0,3231 | 0,3375|0,3517 | 0,427 | 0,6097 | 1,149 | 3,2154
5kVA

T11 100% |0,9595|0,4313 | 0,548 | 0,6526 | 0,6032 | 0,5565 | 0,5897 | 0,5008 | 0,4527 | 0,4225 | 0,4165 | 0,4783 | 1,4902
20kVA

T12 100% | 0,4039 | 0,6875 | 0,7539 | 0,8367 | 0,9325 | 1,0462 | 1,2692 | 1,4895 | 1,8327 | 2,445 | 3,6945 | 5,4299 | 7,8475
40kVA

T13 100% |0,1217 | 0,4035 | 0,4504 | 0,4971 | 0,564 | 0,6564 | 0,7766 | 0,9656 | 1,2643 | 1,7498 | 2,9264 | 4,7362 | 6,9818
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CCF Wind.% | 15kQ | 5kQ |[45kQ| 4kQ |[35kQ| 3kQ |[25kQ| 2kQ |[15kQ| 1kQ 500 Q | 200 Q 10
400VA

T15V 13,89% |0,9725|0,9911 | 0,988 | 0,9856 | 0,9876 | 0,9881 | 0,9882 | 0,9886 | 0,9887 | 0,9888 | 0,9892 0,99 0,6697
T112V | 33,33% |0,9813|0,9986 | 0,9983 | 0,9958 | 0,9978 | 0,998 | 0,9979|0,9976 | 0,998 | 0,9979 | 0,998 | 0,9967 | 0,6864
T124V | 66,67% | 0,976 |0,9996 | 0,9997 | 0,9997 | 0,9997 | 0,9996 | 0,9995| 0,9993 | 0,999 | 0,9981 | 0,9939 | 0,9737 | 0,6952
T1 36V 100% |0,9742 | 0,9953 | 0,9937 | 0,994 |0,9953 | 0,995 |0,9953|0,9953 |0,9946 | 0,9917 | 0,9786 | 0,9197 | 0,7045
T2 24V 100% |0,9998 | 0,9998 | 0,9995 | 0,998 |0,9988 | 0,9992|0,9992 | 0,9991 | 0,9986 | 0,9973 | 0,9915 | 0,9685 | 0,7519
T3 24V 100% | 0,9954 | 0,999 |0,9995 | 0,9997 | 0,9998 | 0,9998 | 0,9996 | 0,9995 | 0,9991 | 0,997 | 0,9932 | 0,9791 | 0,8895
630VA

T4 5V 2,27% |0,9889 | 0,9974 | 0,9961 | 0,9937 | 0,995 | 0,9957 | 0,9959 | 0,9959 | 0,996 | 0,9961 | 0,9964 | 0,9969 | 0,4351
T4 12V | 5,40% |0,9997 | 0,9996 | 0,9992 | 0,9983 | 0,998 | 0,9988 | 0,999 | 0,9994 | 0,9991 | 0,9994 | 0,9996 | 0,9993 | 0,2115
T4 22V 10% | 0,9976 | 0,9999 1 0,9992 | 0,9999 | 0,9999 | 0,9999 | 0,9999 | 0,9999 | 0,9996 | 0,9989 | 0,9938 | -0,09
T4 42V | 19,10% | 0,9969 | 0,9998 | 0,9998 | 0,9955 | 0,9993 | 0,9995 | 0,9993 | 0,999 |0,9984 | 0,9968 | 0,9896 | 0,9571 | -0,229
T4 110V | 50% |0,9954 | 0,9947 | 0,9937|0,9823 | 0,9906 | 0,9884 | 0,9845| 0,978 | 0,966 | 0,9359 | 0,8166 | 0,3815 | -0,312
T4 220V | 100% |0,9905 | 0,9562 | 0,9508 | 0,9391 | 0,9266 | 0,9105 | 0,8798 | 0,8319 | 0,7486 | 0,528 | 0,1195 | -0,12 -0,25
T5230V | 100% |0,9965 | 0,9697 |0,9635| 0,96 | 0,948 |0,9345|0,9124|0,8756 | 0,8059 | 0,6419 | 0,2058 | -0,142 | -0,317
T6 220V | 100% |0,9863|0,9554 | 0,9522 | 0,9459 | 0,9306 | 0,9075 | 0,8731 | 0,8142 | 0,691 | 0,3762 | -0,157 | -0,363 | -0,478
750kVA

T753V | 13,25% | 0,9998 | 0,9997 | 0,9994 | 0,9986 | 0,999 | 0,9989 | 0,9989 | 0,9988 | 0,9984 | 0,9975 | 0,994 | 0,9801 | -0,472
T7 200V | 50% |0,9975|0,9903 | 0,9886 | 0,9858 | 0,9837 | 0,9803 | 0,9757 | 0,9686 | 0,9571 | 0,9355 | 0,871 | 0,6393 | -0,482
T7 400V | 100% |0,9925|0,9479 | 0,9423 | 0,9339 | 0,9248 | 0,9126 | 0,8954 | 0,8692 | 0,8221 | 0,7183 | 0,3426 | -0,161 | -0,462
T7 115V | 50% |0,9994 | 0,9975 | 0,9968 | 0,9951 | 0,9948 | 0,9938 | 0,9921 | 0,9892 | 0,9835 | 0,9714 | 0,9277 | 0,7512 | -0,297
T7230V | 100% |0,9958|0,9786|0,9754 | 0,9702 | 0,965 | 0,9571 | 0,9454 | 0,9261 | 0,8922 | 0,81 0,5258 | 0,0874 | -0,216
1kVA

T8 5V 2,27% | 0,998 |0,9975|0,9987 | 0,9991 | 0,9984 | 0,9993 | 0,9987 | 0,9985 | 0,9984 | 0,9987 | 0,9981 | 0,9977 | 0,4907
T8 12V | 5,45% |0,9994 | 0,9996 | 0,9995 | 0,9992 | 0,9993 | 0,9994 | 0,9994 | 0,9995 | 0,9995 | 0,9995 | 0,9994 | 0,9993 | 0,3002
T8 24V | 10,90% | 0,9989 | 0,9999 | 0,9998 | 0,9996 | 0,9997 | 0,9998 | 0,9998 | 0,9998 | 0,9998 | 0,9997 | 0,9993 | 0,9973 | 0,0779
T8 36V | 16,36% | 0,9997 | 0,9997 | 0,9996 | 0,9994 | 0,9994 | 0,9995 | 0,9994 | 0,9993 | 0,999 | 0,9982 | 0,9946 | 0,9767 | -0,293
T8110V| 50% |0,9975 | 0,9971 | 0,9964 | 0,9955 | 0,9946 | 0,9934 | 0,9913| 0,9876 | 0,9809 | 0,9655 | 0,907 | 0,6491 | -0,345
T8 220V | 100% |0,9927|0,9747|0,9701 | 0,9636 | 0,9561 | 0,9455 | 0,9296 | 0,9045 | 0,8545 | 0,7403 | 0,3567 | -0,085 | -0,275
3 phase

350VA

T9 230V | 57,50% | 0,9957 | 0,993 |0,9908 | 0,9896 | 0,9854 | 0,9853 | 0,9821 | 0,9764 | 0,9662 | 0,9456 | 0,8839 | 0,7108 | -0,078
T9 400V | 100% | 0,989 | 0,957 |0,9488|0,9461 | 0,9297 | 0,9233 | 0,9083 | 0,8831 | 0,8406 | 0,7542 | 0,5443 | 0,2409 | -0,068
T9 230V | 57,50% | 0,9948 | 0,9854 | 0,9814 | 0,9807 | 0,9695 | 0,9702 | 0,9625 | 0,9529 | 0,9328 | 0,8892 | 0,7523 | 0,383 -0,403
T9 400V | 100% |0,9825|0,9173|0,9042 | 0,9038 | 0,8636 | 0,8516 | 0,8193 | 0,7676 | 0,6775 | 0,4941 | 0,1344 | -0,142 -0,34
T9 230V | 57,50% | 0,9845 | 0,9879 | 0,9829 | 0,9765 | 0,9756 | 0,9733 | 0,9684 | 0,9599 | 0,9447 | 0,9131 | 0,8009 | 0,3567 | -0,485
T9 400V | 100% |0,97450,9346 |0,9313|0,9229 | 0,9101 | 0,8888 | 0,8592 | 0,8106 | 0,7286 | 0,4994 | 0,0231 | -0,277 | -0,423
1.2kVA

T10 24V | 57,10% | 0,9976 | 0,9994 | 0,9991 | 0,9986 | 0,999 | 0,9995 | 0,9997 | 0,9997 | 0,9997 | 0,9997 | 0,9995 | 0,9981 | 0,9172
T1042Vv| 100% |0,9979|0,9991 | 0,9988 | 0,9991 | 0,9995 | 0,9995 | 0,9995 | 0,9994 | 0,9993 | 0,9989 | 0,9972 | 0,9891 | 0,9248
5kVA
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T11 100% | 0,9958 | 0,9992 | 0,9988 | 0,9981 | 0,9984 | 0,9985 | 0,9983 | 0,9988 | 0,999 | 0,9992 | 0,9992 | 0,9988 | 0,9852
20kVA

T12 100% | 0,9986 | 0,9964 | 0,9956 | 0,9946 | 0,9933 | 0,9917 | 0,987 |0,9817 | 0,9714 | 0,9445 | 0,8516 | 0,641 0,35
40kVA

T13 100% | 0,9999 | 0,9989 | 0,9986 | 0,9983 | 0,9978 | 0,997 |0,9959 | 0,9935 | 0,9886 | 0,9774 | 0,9293 0,78 0,4655
MM Wind.% | 15kQ | 5kQ [45kQ| 4kQ |[35kQ| 3kQ |[25kQ| 2kQ |[15kQ| 1KkQ 500 Q | 200 Q 10
400VA

T15V 13,89% | 1,0146 | 1,0155 | 1,0169 | 1,0177 | 1,0165 | 1,0161 | 1,016 |1,0158 | 1,0158 | 1,0161 | 1,0167 | 1,0187 1,41
T112Vv | 33,33% | 1,014 |1,0078|1,0084 | 1,0114 |1,0094 | 1,0093 | 1,0099 | 1,0108 | 1,0111 | 1,0128 | 1,0174 | 1,0308 | 1,506
T124V | 66,67% |1,0139 | 1,007 | 1,0071|1,0073|1,0077 | 1,009 |1,0104 | 1,0123|1,0155| 1,0217 | 1,0409 | 1,0912 1,55
T136V | 100% |1,0147|1,0202 | 1,0225|1,0224 |1,0222 |1,0245|1,0267 | 1,0301 | 1,0362 | 1,049 | 1,0856 | 1,1817 | 1,577
T224v | 100% |1,0043| 1,007 |1,0087|1,0119|1,0118|1,0121|1,0133|1,0156 |1,0197 | 1,0272 | 1,0489 | 1,1007 | 1,428
T324vV | 100% | 1,016 |1,0098|1,0089| 1,01 |1,0087|1,0096|1,0116|1,0137|1,0176| 1,0285 | 1,048 | 1,0955 | 1,4239
630VA

T4 5V 2,27% |1,0122 | 1,0065 | 1,0076 | 1,0088 | 1,008 | 1,0076 | 1,0074 | 1,0074 | 1,0074 | 1,0074 | 1,0076 | 1,0082 | 1,3952
T4 12V | 5,40% |1,0072|1,0031| 1,004 |1,0048 | 1,0053 | 1,0043 | 1,0041|1,0038 |1,0046 | 1,0047 | 1,0062 | 1,0116 | 1,6169
T4 22V 10% |1,0052 | 1,0024 | 1,0024 | 1,0039 | 1,0027 | 1,0029 | 1,0031 | 1,0037 | 1,0048 | 1,007 | 1,0135 | 1,0312 | 1,9417
T4 42V | 19,10% | 1,007 |1,0058 | 1,0067 | 1,0092 | 1,0092 | 1,0095 | 1,0108 | 1,0131 | 1,0168 | 1,0238 | 1,0439 | 1,0947 | 2,2808
T4110vV| 50% [1,0163 |1,0314 | 1,0354 |1,0415|1,0446 | 1,0504 | 1,059 |1,0706 | 1,0912 | 1,1253 | 1,2159 | 1,4039 | 2,8068
T4 220V | 100% |1,0442|1,1065| 1,117 |1,1302|1,1431|1,1631| 1,187 |1,2221|1,2751| 1,3723 | 1,5855 | 1,9779 | 3,3763
T5230v| 100% | 1,032 |1,0845| 1,093 |1,1027|1,1154|1,1317|1,1529|1,1828|1,2298 | 1,3129 | 1,5079 | 1,8657 | 3,1826
T6 220V | 100% |1,0558|1,1233|1,1357|1,1502 | 1,165 |1,1852|1,2141|1,2517 |1,3109 | 1,412 | 1,6399 | 2,0453 | 3,449
750kVA

T753V | 13,25% | 1,003 |1,0044 | 1,0051 | 1,0065 | 1,0065 | 1,0071 | 1,0078 | 1,0091 | 1,0113 | 1,0155 | 1,0281 | 1,0618 | 2,0739
T7200v| 50% |1,0115|1,0396 |1,0437|1,0494 |1,0548|1,0623|1,0723|1,0873|1,1101| 1,1501 | 1,2511 | 1,4581 | 2,8936
T7400V | 100% |1,0475| 1,124 |1,1354| 1,15 |1,1656|1,1855| 1,212 |1,2493|1,3075| 1,4035 | 1,6354 | 2,0662 | 3,6778
T7115v| 50% |1,0073|1,0181|1,0205|1,0237 | 1,0261 | 1,0294 | 1,0345|1,0418 | 1,0541 | 1,0767 | 1,1381 | 1,2792 | 2,7145
T7230vV| 100% |1,0233|1,0632| 1,07 |1,0787|1,0875|1,0996 |1,1159 |1,1398|1,1759 | 1,2435 | 1,4051 | 1,7268 | 3,0033
1kVA

T8 5V 2,27% |1,0203 | 1,0052 | 1,0059 | 1,0067 | 1,0064 | 1,0062 | 1,0061 | 1,0061 | 1,006 | 1,0062 | 1,0061 | 1,0067 | 1,4113
T812V | 5,45% |1,0179|1,0029 | 1,0033|1,0038 | 1,0037 | 1,0035 | 1,0035 | 1,0036 | 1,0038 | 1,0042 | 1,0054 | 1,009 | 1,5963
T824Vv | 10,90% |1,0172 | 1,0023 | 1,0027 | 1,0032 | 1,003 | 1,003 |1,0032 | 1,0036 | 1,0045| 1,0059 | 1,0105 | 1,0235 | 1,8459
T836V | 16,36% |1,0176 | 1,005 | 1,0058 | 1,0066 | 1,0069 | 1,0075 | 1,0085 | 1,0101 | 1,0129 | 1,0183 | 1,0341 | 1,0796 | 2,5007
T8110V | 50% |[1,0228 | 1,0237 | 1,0263 | 1,0295 | 1,0328 | 1,0372 | 1,0436 | 1,0536 | 1,0689 | 1,0976 | 1,1735 | 1,3433 | 2,9208
T8220V | 100% |1,0426|1,0806 |1,0885|1,0985|1,1099|1,1249| 1,145 |1,1727|1,2181| 1,2969 | 1,4911 | 1,864 | 3,3246
3 phase

350VA

T9 230V | 57,50% | 1,0168 | 1,0298 | 1,0343 | 1,039 |1,0438 | 1,048 | 1,055 |1,0667 | 1,0855| 1,1186 | 1,2006 | 1,3694 | 2,6676
T9 400V | 100% |1,0428 |1,1011|1,1126|1,1242 | 1,138 |1,1536 |1,1746 | 1,2056 | 1,2527 | 1,3342 | 1,5114 | 1,8289 | 2,9449
T9 230V | 57,50% | 1,0248 | 1,0544 | 1,061 | 1,0677 | 1,076 |1,0841|1,0976 |1,1147 |1,1431| 1,1928 | 1,306 | 1,5173 | 2,5949
T9 400V | 100% |1,0716|1,1677|1,1817|1,2003 | 1,2219 | 1,2456|1,2788|1,3219|1,3859 | 1,4994 | 1,7516 | 2,1855 | 3,6791
T9 230V | 57,50% | 1,0313 | 1,0542 | 1,0665 | 1,0749 | 1,0807 | 1,0889 | 1,1019 | 1,1204 | 1,1491 | 1,1988 | 1,3109 | 1,5284 | 2,577
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T9 400V | 100% |1,0799|1,1709|1,1866 | 1,2074 | 1,2271|1,2501 | 1,2806 | 1,3264 | 1,397 | 1,5076 | 1,7567 | 2,1939 | 3,6417
1.2kVA

T1024V | 57,10% |1,0151 | 1,0078 | 1,0092 | 1,011 | 1,0105 | 1,0078 | 1,0073 | 1,0072 | 1,0074 | 1,0084 | 1,0123 | 1,0234 | 1,2523
T1042v| 100% |1,0168|1,0107|1,0125]|1,0128|1,0118|1,0115|1,0119| 1,013 |1,0145| 1,019 | 1,0282 | 1,0552 | 1,2659
5kVA

T11 100% |1,02551,0123|1,0153 | 1,017 |1,0162 | 1,0146 | 1,0155 | 1,0134 | 1,0127 | 1,0129 | 1,0156 | 1,0228 | 1,1008
20kVA

T12 100% |1,0126|1,0231|1,0257 | 1,0281 | 1,0323 | 1,0375 | 1,0544 | 1,0643 | 1,0822 | 1,1166 | 1,2081 | 1,4124 | 2,5275
40kVA

T13 100% |1,0048 |1,0158 | 1,0178 | 1,0198 | 1,0222 | 1,0258 | 1,0308 | 1,0386 | 1,0516 | 1,0738 | 1,1352 | 1,2704 | 2,0599
SSRE |Wind.% | 15kQ | 5kQ [45kQ| 4kQ |35kQ| 3kQ |[25kQ| 2kQ [15kQ| 1kQ 500Q | 200Q 10
400VA |Wind.% | 15kQ | 5kQ [45kQ| 4kQ |[35kQ| 3kQ [25kQ| 2kQ |[15kQ| 1KkQ 500 Q 200 Q 1Q
T15V 13,89% | 0,0005 | 0,001 |0,0014 |0,0016 | 0,0013 | 0,0012 | 0,0012 |0,0012 |0,0011| 0,0011 | 0,0011 | 0,001 | 0,1586
T112Vv | 33,33% |0,0005 | 0,0001 | 0,0002 | 0,0004 | 0,0002 | 0,0002 | 0,0002 | 0,0002 | 0,0002 | 0,0002 | 0,0003 | 0,0012 | 0,1734
T124Vv | 66,67% |0,0004 | 0,0001 | 0,0001 | 0,0001 | 0,0001 | 0,0001 | 0,0002 | 0,0002 | 0,0004 | 0,0008 | 0,0026 | 0,0105 | 0,1804
T136V | 100% |0,0004 | 0,0005 | 0,0007 | 0,0007 | 0,0006 | 0,0007 | 0,0009 | 0,0011 | 0,0017 | 0,0031 | 0,0092 | 0,032 | 0,1844
T224Vv | 100% 0 0,0001 | 0,0001 | 0,0003 | 0,0002 | 0,0002 | 0,0003 | 0,0004 | 0,0007 | 0,0014 | 0,0044 | 0,0171 | 0,1656
T324V | 100% |0,0005 | 0,0001 | 0,0001 | 0,0001 | 0,0002 | 0,0002 | 0,0003 | 0,0004 | 0,0007 | 0,0016 | 0,0048 | 0,0184 | 0,1754
630VA

T4 5V 2,27% |0,0012 | 0,0003 | 0,0004 | 0,0007 | 0,0005 | 0,0005 | 0,0004 | 0,0005 | 0,0004 | 0,0004 | 0,0004 | 0,0004 | 0,1154
T412Vv | 5,40% |0,0005 | 0,0001 | 0,0001 | 0,0002 | 0,0002 | 0,0001 | 0,0001 | 0,0001 | 0,0001 | 0,0001 | 0,0001 | 0,0002 | 0,2097
T4 22V 10% | 0,0003 0 0 0,0001 0 0 0 0 0 0,0001 | 0,0003 | 0,0015 | 0,3036
T4 42V | 19,10% |0,0004 | 0,0001 | 0,0001 | 0,0004 | 0,0001 | 0,0001 | 0,0002 | 0,0003 | 0,0004 | 0,0009 | 0,0027 | 0,0105 | 0,3797
T4 110v| 50% |0,0006 | 0,0014 | 0,0018 | 0,0028 | 0,0027 | 0,0034 | 0,0045 | 0,0061 | 0,0094 | 0,0161 | 0,0381 | 0,0959 | 0,4805
T4220V | 100% |0,0027 | 0,0121 | 0,014 |0,0165 | 0,0194 | 0,0237 | 0,0295 | 0,0383 | 0,0527 | 0,0827 | 0,1539 | 0,2639 | 0,5369
T5230VvV | 100% |0,0014 | 0,0081 | 0,0095 |0,0114 | 0,0137 | 0,0171 | 0,0218 | 0,0291 | 0,0418 | 0,0673 | 0,1355 | 0,2453 | 0,5179
T6 220V | 100% |0,0041|0,0147| 0,017 | 0,0199 | 0,0234 | 0,0284 | 0,0357 | 0,0459 | 0,0629 | 0,0945 | 0,1672 | 0,2777 | 0,5386
750kVA

T753V | 13,25% | 0,0001 | 0,0001 | 0,0001 | 0,0004 | 0,0003 | 0,0003 | 0,0003 | 0,0003 | 0,0004 | 0,0006 | 0,0014 | 0,0052 | 0,2845
T7200V| 50% |0,0003 |0,0025 | 0,0029 | 0,0037 | 0,0043 | 0,0053 | 0,0067 | 0,009 |0,0128 | 0,0206 | 0,0436 | 0,0987 | 0,4307
T7 400V | 100% |0,0033|0,0157|0,0178 | 0,0207 | 0,0241 | 0,0285 | 0,0347 | 0,0438 | 0,0588 | 0,0853 | 0,1533 | 0,2739 | 0,5328
T7115v| 50% |0,0001 | 0,0006 | 0,0008 | 0,0011 | 0,0012 | 0,0014 | 0,0019 | 0,0026 | 0,0041 | 0,0073 | 0,0187 | 0,0534 | 0,4343
T7 230V | 100% |0,0001 |0,0053 | 0,0062 | 0,0076 | 0,009 |0,0111|0,0142| 0,019 | 0,027 | 0,0437 | 0,0895 | 0,1852 | 0,4343
1kVA

T8 5V 2,27% | 0,0007 | 0,0005 | 0,0006 | 0,0007 | 0,0006 | 0,0006 | 0,0007 | 0,0007 | 0,0007 | 0,0007 | 0,0006 | 0,0006 | 0,1148
T812Vv | 5,45% |0,0007 | 0,0001 | 0,0001 | 0,0002 | 0,0001 | 0,0001 | 0,0001 | 0,0001 | 0,0001 | 0,0001 | 0,0001 | 0,0002 | 0,1958
T8 24V | 10,90% | 0,0006 0 0 0,0001 | 0,0001 0 0 0 0,0001 | 0,0001 | 0,0002 | 0,0008 | 0,274
T8 36V | 16,36% | 0,0005 | 0,0001 | 0,0001 | 0,0001 | 0,0001 | 0,0001 | 0,0001 | 0,0002 | 0,0003 | 0,0005 | 0,0016 | 0,0073 | 0,4106
T8110v | 50% |0,0007 | 0,0008 | 0,001 |0,0012 |0,0015 | 0,0019 | 0,0025 | 0,0036 | 0,0057 | 0,0103 | 0,0268 | 0,0772 | 0,4811
T8220V | 100% |0,0021 | 0,0074 | 0,0087 | 0,0103 | 0,0125 | 0,0154 | 0,0197 | 0,026 |0,0375| 0,0599 | 0,1243 | 0,234 | 0,5124
3 phase

350VA
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T9 230V | 57,50% | 0,0008 | 0,0015 | 0,0019 | 0,0023 | 0,0029 | 0,0034 | 0,0043 | 0,0058 | 0,0087 | 0,0146 | 0,0325 | 0,0786 | 0,4434
T9 400V | 100% |0,0026|0,0111|0,0129| 0,015 | 0,0178 | 0,0211 | 0,0258 | 0,0332 | 0,045 | 0,0676 | 0,1217 | 0,222 | 0,4734
T9 230V | 57,50% | 0,0011 | 0,0038 | 0,0045 | 0,0054 | 0,0069 | 0,008 | 0,0102|0,0134|0,0192 | 0,0308 | 0,0611 | 0,1241 | 0,4022
T9 400V | 100% |0,0058 |0,0242 | 0,0273 | 0,0313 | 0,0367 | 0,0427 | 0,0517 | 0,0638 | 0,0827 | 0,118 0,199 | 0,3156 | 0,5595
T9 230V | 57,50% | 0,003 | 0,0037 | 0,0054 | 0,0069 | 0,0075 | 0,0087 | 0,0108 | 0,0141 | 0,0199 | 0,0313 | 0,0612 | 0,1255 | 0,4003
T9 400V | 100% |0,0077|0,0243|0,0276 | 0,0324 | 0,0372 | 0,0432 | 0,0515 | 0,0643 | 0,0847 | 0,12 0,2009 | 0,3169 | 0,5571
1.2kVA

T10 24V | 57,10% | 0,0004 | 0,0001 | 0,0001 | 0,0002 | 0,0002 | 0,0001 | 0,0001 | 0,0001 | 0,0001 | 0,0001 | 0,0003 | 0,0013 | 0,1056
T1042Vv| 100% | 0,0005 | 0,0002 | 0,0003 | 0,0002 | 0,0002 | 0,0002 | 0,0002 | 0,0003 | 0,0003 | 0,0006 | 0,0019 | 0,0074 | 0,1062
5kVA

T11 100% | 0,0011 | 0,0002 | 0,0004 | 0,0004 | 0,0004 | 0,0004 | 0,0004 | 0,0003 | 0,0003 | 0,0003 | 0,0004 | 0,0011 | 0,0377
20kVA

T12 100% | 0,0002 | 0,0008 | 0,0009 | 0,0011 | 0,0015 | 0,0019 | 0,0032 | 0,0044 | 0,0071 | 0,0136 | 0,0378 | 0,1124 | 0,4241
40kVA

T13 100% 0 0,0003 | 0,0004 | 0,0005 | 0,0006 | 0,0008 | 0,0012 | 0,0019 | 0,0033 | 0,0068 | 0,0223 | 0,0684 | 0,2763
SSMMR |,,,.

E Wind.% | 15kQ | 5kQ [45kQ| 4kQ [35kQ| 3kQ [25kQ| 2kQ [15kQ| 1kQ 500Q | 2000 10
400VA

T15V 13,89% | 0,0005 | 0,0007 | 0,0009 | 0,0009 | 0,0008 | 0,0008 | 0,0007 | 0,0007 | 0,0007 | 0,0007 | 0,0007 | 0,0007 | 0,1422
T112V | 33,33% | 0,0004 | 0,0001 | 0,0001 | 0,0003 | 0,0002 | 0,0002 | 0,0002 | 0,0002 | 0,0002 | 0,0002 | 0,0003 | 0,0012 | 0,1729
T124V | 66,67% | 0,0004 | 0,0001 | 0,0001 | 0,0001 | 0,0001 | 0,0001 | 0,0002 | 0,0002 | 0,0004 | 0,0008 | 0,0025 | 0,0105 | 0,1804
T136V 100% | 0,0004 | 0,0005 | 0,0006 | 0,0006 | 0,0006 | 0,0007 | 0,0008 | 0,0011 | 0,0016 | 0,0031 | 0,0091 | 0,0317 | 0,1844
T2 24V 100% 0 0,0001 | 0,0001 | 0,0002 | 0,0002 | 0,0002 | 0,0003 | 0,0004 | 0,0007 | 0,0013 | 0,0043 | 0,0165 | 0,1654
T3 24V 100% | 0,0005 | 0,0001 | 0,0001 | 0,0001 | 0,0002 | 0,0002 | 0,0003 | 0,0004 | 0,0007 | 0,0015 | 0,0046 | 0,0174 | 0,1741
630VA

T4 5V 2,27% |0,0012 | 0,0003 | 0,0004 | 0,0007 | 0,0005 | 0,0005 | 0,0004 | 0,0005 | 0,0004 | 0,0004 | 0,0004 | 0,0004 | 0,115
T4 12V | 5,40% |0,0005 |0,0001 | 0,0001 | 0,0002 | 0,0002 | 0,0001 | 0,0001 | 0,0001 |0,0001| 0,0001 | 0,0001 | 0,0002 | 0,2093
T4 22V 10% | 0,0003 0 0 0,0001 0 0 0 0 0 0,0001 | 0,0003 | 0,0015 | 0,3019
T4 42V | 19,10% | 0,0004 | 0,0001 | 0,0001 | 0,0003 | 0,0001 | 0,0001 | 0,0002 | 0,0003 | 0,0004 | 0,0009 | 0,0027 | 0,0105 | 0,3781
T4 110v| 50% |0,0006 | 0,0014 | 0,0018 | 0,0024 | 0,0027 | 0,0034 | 0,0045 | 0,0061 | 0,0094 | 0,0161 | 0,0375 | 0,0915 | 0,4594
T4 220v | 100% |0,0026|0,0121| 0,014 | 0,0164 |0,0194 | 0,0236 | 0,0293 | 0,038 | 0,0518 | 0,0798 | 0,1434 | 0,2536 | 0,531
T5230V| 100% |0,0014| 0,008 |0,0095|0,0113|0,0136 | 0,017 | 0,0215|0,0286 | 0,0407 | 0,064 | 0,1228 | 0,2279 | 0,5076
T6 220V | 100% |0,0041]|0,0147| 0,017 |0,0199 | 0,0234 | 0,0283 | 0,0356 | 0,0456 | 0,0621 | 0,0922 | 0,1602 | 0,2716 | 0,535
750kVA

T753V | 13,25% | 0,0001 | 0,0001 | 0,0001 | 0,0003 | 0,0003 | 0,0003 | 0,0003 | 0,0003 | 0,0004 | 0,0006 | 0,0014 | 0,0052 | 0,2838
T7200vV| 50% |0,0003|0,0024|0,0029 | 0,0036 | 0,0043 | 0,0052 | 0,0067 | 0,0089 | 0,0128 | 0,0205 | 0,0435 | 0,0982 | 0,4297
T7 400V | 100% |0,0033]0,0157|0,0178|0,0207 | 0,024 | 0,0285 | 0,0346 | 0,0437 | 0,0585 | 0,0843 | 0,148 | 0,2586 | 0,527
T7115v| 50% |0,0001 |0,0006 |0,0007| 0,001 |0,0012|0,0014 |0,0019 |0,0026 |0,0041| 0,0073 | 0,0187 | 0,053 | 0,4261
T7230V| 100% |0,0009 | 0,0053 | 0,0062 | 0,0075| 0,009 |0,0111|0,0141| 0,019 |0,0269 | 0,0434 | 0,088 | 0,1807 | 0,4688
1kVA

T8 5V 2,27% | 0,0007 | 0,0005 | 0,0006 | 0,0005 | 0,0004 | 0,0005 | 0,0006 | 0,0006 | 0,0007 | 0,0007 | 0,0006 | 0,0006 | 0,1138
T8 12V | 5,45% |0,0006 | 0,0001 | 0,0001 | 0,0001 | 0,0001 | 0,0001 | 0,0001 | 0,0001 | 0,0001 | 0,0001 | 0,0001 | 0,0002 | 0,1953
T8 24V | 10,90% | 0,0007 0 0 0,0001 0 0 0 0 0,0001 | 0,0001 | 0,0002 | 0,0008 | 0,2732
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T8 36V | 16,36% | 0,0007 | 0,0001 | 0,0001 | 0,0001 | 0,0001 | 0,0001 | 0,0001 | 0,0002 | 0,0003 | 0,0005 | 0,0016 | 0,0073 | 0,3973
T8 110V | 50% |0,0007 | 0,0008 | 0,001 |0,0012 |0,0015 | 0,0019 | 0,0025 | 0,0036 | 0,0057 | 0,0103 | 0,0262 | 0,0713 | 0,4534
T8220V | 100% | 0,002 |0,0074 |0,0086 |0,0103|0,0124 | 0,0153 | 0,0195 | 0,0257 | 0,0368 | 0,0576 | 0,1129 | 0,2155 | 0,5027
3 phase

350VA

T9 230V | 57,50% | 0,0007 | 0,0015 | 0,0019 | 0,0023 | 0,0028 | 0,0033 | 0,0043 | 0,0058 | 0,0087 | 0,0146 | 0,0324 | 0,0778 | 0,4183
T9 400V | 100% |0,0025 |0,0111 | 0,0129|0,0149|0,0177 | 0,021 |0,0258 | 0,0331|0,0448 | 0,067 | 0,1191 | 0,2129 | 0,4669
T9 230V | 57,50% | 0,001 |0,0038 | 0,0045 | 0,0054 | 0,0067 | 0,0079 | 0,0101 | 0,0134 | 0,0192 | 0,0308 | 0,0608 | 0,1233 | 0,4015
T9 400V | 100% |0,0057 | 0,0242 | 0,0272 | 0,0312 | 0,0364 | 0,0425 | 0,0514 | 0,0633 | 0,0816 | 0,115 | 0,1886 | 0,3008 | 0,5515
T9 230V | 57,50% | 0,003 | 0,0037 | 0,0054 | 0,0069 | 0,0075 | 0,0087 | 0,0108 | 0,0141 | 0,0199 | 0,0312 | 0,0608 | 0,1243 | 0,399
T9 400V | 100% |0,0077 | 0,0243 | 0,0275 | 0,0323 | 0,0371 | 0,0431 | 0,0512 | 0,0637 | 0,0833 | 0,1163 | 0,1889 | 0,3009 | 0,5479
1.2kVA

T10 24V | 57,10% | 0,0004 | 0,0001 | 0,0001 | 0,0002 | 0,0002 | 0,0001 | 0,0001 | 0,0001 | 0,0001 | 0,0001 | 0,0003 | 0,0013 | 0,103
T1042Vv| 100% |0,0005 | 0,0002 | 0,0003 | 0,0002 | 0,0002 | 0,0002 | 0,0002 | 0,0003 | 0,0003 | 0,0006 | 0,0019 | 0,0074 | 0,1062
5kVA

T11 100% | 0,0011 | 0,0002 | 0,0004 | 0,0004 | 0,0004 | 0,0004 | 0,0004 | 0,0003 | 0,0003 | 0,0003 | 0,0004 | 0,0011 | 0,0377
20kVA

T12 100% | 0,0002 | 0,0008 | 0,0009 | 0,0011 | 0,0015 | 0,0019 | 0,0032 | 0,0044 | 0,0069 | 0,0132 | 0,035 | 0,0974 | 0,4132
40kVA

T13 100% 0 0,0003 | 0,0004 | 0,0005 | 0,0006 | 0,0008 | 0,0012 | 0,0018 | 0,0032 | 0,0063 | 0,0183 | 0,0525 | 0,2727
p Wind.% | 15kQ | 5kQ |[45kQ| 4kQ [35kQ| 3kQ |[25kQ| 2kQ |15kQ| 1KkQ 500 Q | 200 Q 10
400VA

T15V 13,89% | 0,9998 | 0,9994 | 0,9992 | 0,999 |0,9991 | 0,9992 | 0,9992 | 0,9992 | 0,9992 | 0,9992 | 0,9992 | 0,9993 | 0,9717
T112V | 33,33% |0,9998 | 0,9999 | 0,9999 | 0,9997 | 0,9999 | 0,9999 | 0,9999 | 0,9998 | 0,9999 | 0,9999 | 0,9999 | 0,9998 | 0,9672
T124V | 66,67% |0,9998 1 1 1 1 1 1 0,9999 |0,9999 | 0,9999 | 0,9995 | 0,9982 | 0,9672
T136V | 100% [0,9998 | 0,9997 | 0,9996 | 0,9996 | 0,9997 | 0,9997 | 0,9997 | 0,9997 | 0,9996 | 0,9994 | 0,9985 | 0,9946 | 0,9673
T224V | 100% 1 1 1 0,9999 | 0,9999 1 1 0,9999|0,9999 | 0,9999 | 0,9995 | 0,9981 | 0,9785
T324V | 100% |0,9996 | 0,9999 1 1 1 1 1 1 0,9999 | 0,9997 | 0,9994 | 0,9981 | 0,9797
630VA

T4 5V 2,27% |0,9998 | 0,9999 | 0,9999 | 0,9999 | 0,9999 | 0,9999 | 0,9999 | 0,9999 | 0,9999 | 0,9999 | 0,9999 | 0,9999 | 0,9851
T4 12V | 5,40% |0,9999 1 1 1 1 1 1 1 1 1 1 1 0,9706
T4 22V 10% 1 1 1 1 1 1 1 1 1 1 1 0,9998 | 0,9508
T4 42V | 19,10% | 0,9999 1 1 0,9999 1 1 1 1 0,9999 | 0,9999 | 0,9996 | 0,9988 | 0,9308
T4 110V | 50% |0,9999 | 0,9998 | 0,9998 | 0,9996 | 0,9997 | 0,9996 | 0,9995 | 0,9993 | 0,9989 | 0,9982 | 0,9962 | 0,9911 | 0,9115
T4 220V | 100% |0,9997 | 0,9987 | 0,9985 | 0,9983 | 0,998 | 0,9976 | 0,9971 | 0,9964 | 0,9952 | 0,9928 | 0,9869 | 0,974 | 0,8954
T5230V | 100% |0,9999 | 0,9991 | 0,999 |0,9988 | 0,9986 | 0,9983 | 0,9979 | 0,9972 | 0,9962 | 0,9942 | 0,9885 | 0,9755 | 0,8946
T6 220V | 100% |0,9997 | 0,9988 | 0,9987 | 0,9985 | 0,9982 | 0,9978 | 0,9973 | 0,9966 | 0,9954 | 0,9931 | 0,9873 | 0,9741 | 0,8906
750kVA

T753V | 13,25% 1 1 1 1 1 1 1 1 0,9999 | 0,9999 | 0,9997 | 0,9991 | 0,9488
T7200vV| 50% |0,9999|0,9995 | 0,9995 | 0,9993 | 0,9992 | 0,9991 | 0,9988 | 0,9985 | 0,998 | 0,997 | 0,9946 | 0,9894 | 0,9109
T7 400V | 100% |0,9994 | 0,9976 | 0,9973 | 0,9969 | 0,9966 | 0,9961 | 0,9954 | 0,9945 | 0,9931 | 0,9907 | 0,9848 | 0,9716 | 0,8881
T7 115V | 50% 1 0,9999 | 0,9998 | 0,9998 | 0,9998 | 0,9997 | 0,9996 | 0,9995 | 0,9992 | 0,9987 | 0,9971 | 0,993 | 0,9126
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T7230vV| 100% |0,9998| 0,999 |0,9989 | 0,9987 | 0,9985 | 0,9981 | 0,9977 | 0,9971 | 0,996 | 0,9941 | 0,9892 | 0,9782 | 0,906
1kVA

T8 5V 2,27% 1 0,9999 | 0,9999 | 0,9998 | 0,9999 | 0,9999 | 0,9999 | 0,9999 | 0,9999 | 0,9999 | 0,9999 | 0,9999 | 0,9849
T8 12V | 545% 1 1 1 1 1 1 1 1 1 1 1 1 0,9727
T8 24V | 10,90% 1 1 1 1 1 1 1 1 1 1 1 0,9999 | 0,9576
T8 36V | 16,36% 1 1 1 1 1 1 1 1 1 0,9999 | 0,9998 | 0,9991 | 0,9252
T8 110V | 50% 1 0,9999 | 0,9998 | 0,9998 | 0,9998 | 0,9997 | 0,9996 | 0,9995 | 0,9992 | 0,9987 | 0,997 | 0,9924 | 0,9128
T8220V | 100% |0,9998| 0,999 | 0,9989 | 0,9987 | 0,9984 | 0,9981 | 0,9976 | 0,997 |0,9959 | 0,9938 | 0,9885 | 0,9772 | 0,9072
3 phase

350VA

T9 230V | 57,50% |0,9998 | 0,9996 | 0,9995 | 0,9995 | 0,9993 | 0,9992 | 0,9991 | 0,9988 | 0,9983 | 0,9973 | 0,9949 | 0,9891 | 0,9046
T9 400V | 100% |0,9994 |0,9979 | 0,9975 | 0,9973 | 0,9967 | 0,9964 | 0,9958 | 0,9948 | 0,9933 | 0,9905 | 0,9836 | 0,9679 | 0,8797
T9 230V | 57,50% |0,9998 | 0,9995 | 0,9994 | 0,9993 | 0,9991 | 0,999 |0,9988 | 0,9985|0,9979 | 0,9968 | 0,9942 | 0,988 0,918
T9 400V | 100% |0,9993|0,9975|0,9972 | 0,9971 | 0,9963 | 0,996 | 0,9953 |0,9944 |0,9929 | 0,99 0,9825 | 0,9656 | 0,8709
T9 230V | 57,50% | 0,9996 | 0,9996 | 0,9994 | 0,9993 | 0,9992 | 0,9991 | 0,9989 | 0,9986 | 0,9981 | 0,9971 | 0,9948 | 0,989 | 0,9203
T9 400V | 100% |0,9992 | 0,9977 | 0,9976 | 0,9973 | 0,9969 | 0,9964 | 0,9958 | 0,9948 | 0,9935 | 0,9907 | 0,9837 | 0,9676 | 0,8729
1.2kVA

T1024V | 57,10% | 0,9998 1 0,9999 | 0,9999 | 0,9999 1 1 1 1 1 1 0,9998 | 0,9875
T1042Vv| 100% |0,9998 | 0,9999 | 0,9999 | 0,9999 | 0,9999 | 0,9999 | 0,9999 | 0,9999 | 0,9999 | 0,9999 | 0,9998 | 0,9991 | 0,9874
5kVA

T11 100% | 0,9994 | 0,9999 | 0,9998 | 0,9997 | 0,9998 | 0,9998 | 0,9998 | 0,9998 | 0,9999 | 0,9999 | 0,9999 | 0,9999 | 0,9972
20kVA

T12 100% 1 0,9999 | 0,9999 | 0,9998 | 0,9998 | 0,9997 | 0,9996 | 0,9994 | 0,9992 | 0,9984 | 0,9961 | 0,9892 | 0,9341
40kVA

T13 100% 1 0,9999 | 0,9999 | 0,9999 | 0,9999 | 0,9998 | 0,9998 | 0,9996 | 0,9993 | 0,9987 | 0,9962 | 0,9889 | 0,9527
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Appendix I. Bolstered error estimation method Python main function

""" Bolstered Error Estimation"""

import pandas as pd

import numpy as np

import matplotlib.pyplot as plt

from matplotlib.ticker import PercentFormatter
import scipy.stats as stats

import xIsxwriter

from math import inf, erf, sqrt

def true_mean_distance(X, y, categ):
""" x - training samples (Ntr x d matrix)
N - number of training samples
d - dimensions
y - label of the training samples (Ntr x d matrix)
categ - number of categories
categories = categ
num_dist = np.zeros((1, categories))# numerator of true mean calculation
den_dist = np.zeros((1, categories))# denominator of true mean calcuation

Ntr = len(x) # total number of training samples
for k in range(Ntr):
cur_sample = x[K,:] # current sample
cur_label = int(y[k,:]) # label of current sample
min_diff = 1e10 # initialize min of euclidean distance

for j in range(Ntr):
if j 1=k and cur_label == int(y[j,:]) and cur_sample != x[j,:]:

x2 =X[j,]]

diff = (sum([(m - ) ** 2 for m, q in zip(cur_sample, x2)])) ** 0.5

if diff < min_diff:

min_diff = diff # assign minimum distance

adder = np.zeros((1, categories))
adder[0, cur_label] = min_diff
num_dist += adder
den_dist[0, cur_label] +=1

d_est = num_dist / den_dist # true mean distance
return d_est

def integral(mu, sigma, a, b):
# probability from Z=0 to lower bound
double_prob = erf( (a-mu) / (sigma*sqrt(2)) )
p_lower = double_prob/2
# probability from Z=0 to upper bound
double_prob = erf( (b-mu) / (sigma*sqrt(2)) )
p_upper = double_prob/2
# print the results
Pin = (p_upper) - (p_lower)
return round(Pin,4)

def coherence(x):

X - input vector (Ntr x Nsi)
Nsi - number of statistical indicators
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Ntr - number of training samples
Ntr = np.size(x,0) # length of the vector
Nsi = np.size(x,1) # number of indicators
coh_mat = np.zeros((Nsi,Nsi)) # coherence matrix
coh = np.zeros((Nsi-1,Nsi))
for j in range(Nsi):
x_cur = X[:,j]
for k in range(j+1,N_si):
diff = abs(x_cur - x[:,k])
sum_diff = np.sum(diff)
coh_mat[k,j] = 1 - sum_diff/Ntr
coh_mat[j,k] = coh_mat[k,j]
non_zero = np.nonzero(coh_mat[:,j])  # finding non-zero element indices of coherence matrix
coh[:,j] = coh_mat[non_zero,j]
return coh_mat, coh

def f_Gauss(mu, sigma, start, end):
X = np.linspace(start, end, 100)
y = stats.norm.pdf(x, mu, sigma)
return X, y

# reading the data

data = pd.read_excel('data.xIsx")
mat = data.values

mat = mat[:,1:] # data

mat = np.round(mat,4)

N_si=12  # number of statistical indicators

N_res=12  # number of cases with resistors

N_tr=37  # number of transformers (3 of them are removed due to incorrect measurement)
mat_data = np.zeros((N_tr,N_res,N_si))

# boundaries (green, yellow)

bound =
np.array([[0.99978,0.999],[0.72755,2.1],[0.57265,4.4],[0.09895,0.245],[0.394,1.12],[0.0286667,0.07],[22.7
052,67],[0.6403,1.3],[1.0153333,1.0354],[0.00035,0.0009],[0.00035,0.0009],[0.9999,0.9995]1)

# limits of the indicators (for example, CC ~[0,1])

limits = np.array([[0,1],[0,inf],[0,inf],[0,inf],[0,inf],[0,inf],[0,inf],[0,inf],[-inf,inf],[0,inf],[0,inf],[0,1]])

lab_mat = np.zeros(((N_tr-3),N_res)) # labels of samples in matrix form
lab_arr = np.zeros(((N_tr-3)*N_res,N_si)) # labels of samples in array form

for i in range(N_si):
st=N_tr*i
en=N_tr+N_tr*i
mat_data[:N_tr,:,i] = mat[st:en,:]

# removing not correct data

mat_data = np.concatenate((mat_data[1:6,:,:], mat_data[7:19,:,:], mat_data[20:,:,:]))
N_sample = len(mat_data)

mat_global = np.zeros((N_sample * N_res, N_si))

mat_global = mat_data.reshape((N_sample*N_res,N_si))

#%% boundary estimation NOT VALID OR USED NOW
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gy = np.zeros((12,6))

gyl[:,0] = mat_data[0,9,:]

gyl:,1] = mat_data[1,7,:]

gy[:,2] = mat_data[6,9,:]

gy[:,3] = mat_data[7,7,:]

gy[:,4] = mat_data[18,9,]

gyl[:,5] = mat_data[19,8,:]

gy_avg = (gy[:,0]+ay[:,.1]+gy[:.2]+ay[:.3]+gy[:.4]+ayl:,5])/6

yr = np.zeros((12,3))

yr[0,:] = np.array([0.9992, 0.9991, 0.9987])
yr[1,:] = np.array([1.82, 1.99, 2.49])

yr[2,:] = np.array([2.48, 4.71, 6.01])

yr[3,:] = np.array([0.189, 0.285, 0.261])
yr[4,:] = np.array([1.08, 0.98, 1.30])

yr[5,:] = np.array([0.068, 0.080, 0.062])
yr[6,:] = np.array([61.5, 52.48, 87.02])
yr[7,:] = np.array([1.41, 1.57, 0.92])

yr[8,:] = np.array([1.0385, 1.0400, 1.0277])
yr[9,:] = np.array([0.0008, 0.0007, 0.0012])
yr[10,:] = np.array([0.0005, 0.0010, 0.0012])
yr[11,:] = np.array([0.9992, 0.9996, 0.9997])

yr_avg = (yr[:,0] + yr[:,1] + yr[:,2])/3

N_resample = 100 # size of sample

N_boundaries = 100 # number of resampled boundaries

gy_sample = np.zeros((N_boundaries,N_resample,N_si)) # random samples of gy
gy_bound = np.zeros((N_boundaries,N_si)) # averaged gy boundaries
yr_sample = np.zeros((N_boundaries,N_resample,N_si)) # random samples of yr
yr_bound = np.zeros((N_boundaries,N_si)) # averaged yr boundaries

# boolean that defines if gy boundary is larger than yr

gy_greater_yr =[1,0,0,0,0,0,0,0,0,0,0,1]

# resampling boundaries

for j in range(N_si):
gy_sample[:,:,j] = np.random.choice(gy[j,:], size=(N_boundaries,N_resample))
gy_bound[:,j] = np.average(gy_sample[:,:,j], axis=1)
yr_sample[:,:,j] = np.random.choice(yr[j,:], size=(N_boundaries,N_resample))
yr_bound[:,j] = np.average(yr_sample[:,:,j], axis=1)

X_sam = mat_global[400,:] # current observation
conf_green = np.zeros((N_si,1)) # initialize confidences
conf_yellow = np.zeros((N_si,1))
conf_red = np.zeros((N_si,1))
# classification
for i in range(N_si):

ng=0

ny=0

nr=0

count_ gy=0

count_yr=0

X = x_sam[i]

for j in range(N_boundaries):

for k in range(N_boundaries):
b_gy = gy_bound[j,i]
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b_yr=yr_bound[k,i]

if (gy_greater_yr[i] == 1) and (b_gy > b_yr):
if x>b_gy:
ng+=1
elifx<=b_yr:
nr+=1
else:
ny+=1
count_ gy +=1

if (gy_greater_yr[i] == 0) and (b_gy <b_yr):
ifx<b_gy:
ng+=1
elifx>=b_yr:
nr+=1
else:
ny+=1
count_yr +=1

conf_green[i,0]=n_g/(n_g+n_y+n_r)
conf_yellow[i,0] =n_y/(n_g+n_y+nr)
conf red[i,0]=n_r/(n.g+n y+n_r)

conf_overall = np.concatenate((conf_green, conf_yellow, conf_red), axis=1)

#%% USED CONFIDENCE ESTIMATION

# resampling boundaries unordered
unordered6 = np.load('unordered6.npy")
unordered3 = np.load(‘unordered3.npy")

gy_bound_unord = np.dot(unordered6, np.transpose(gy)) / 6
yr_bound_unord = np.dot(unordered3, np.transpose(yr)) / 3

x_sam = mat_global[404,:] # current observation [244,376,406] [244,372,404]
conf_green_u = np.zeros((N_si,1)) # initialize confidences

conf_yellow_u = np.zeros((N_si,1))

conf_red_u = np.zeros((N_si,1))

# classification

for i in range(N_si):

ng=0
ny=0
nr=0
count_ gy =0
count_yr=0
X =x_sam[i]

for j in range(len(gy_bound_unord)):
for k in range(len(yr_bound_unord)):
b_gy = gy_bound_unord]j,i]
b_yr=yr _bound_unord[k,i]

if (gy_greater_yr[i]==1) and (b_gy > b_yr):
if x>b_gy:
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ng+=1
elifx<=b_yr:

nr+=1
else:

ny+=1
count_gy +=1

if (gy_greater_yr[i] == 0) and (b_gy <b_yr):

if x<b_gy:
ng+=1
elifx>=b yr:
nr+=1
else:
ny+=1
count_yr+=1

conf_green_u[i,0]=n_g/(n_g+n_y+n_r)
conf_yellow_u[i,0]=n_y/(n_g+n_y+n_r)
conf_red_u[i,0]=n_r/(n_g+n_y+n_r)

conf_overall_u = np.concatenate((conf_green_u, conf_yellow_u, conf_red_u), axis=1)

#%% drawing histogram CC
plt.figure(figsize=(6,3),dpi=300)

# the histogram of the yr data

# n_yr, bins_yr, patches_yr

weights=np.ones(len(yr_bound_unord[:,0]))/len(yr_bound_unord[:,0]), rwidth=1, density=None, stacked =

True, color="b', alpha=1)

plt.stem(yr_bound_unord][:,0],0.1*np.ones((len(yr_bound_unord][:,0]))),markerfmt="

linefmt="b",label="Y|R boundaries")

# the histogram of the gy data
n_gy, bins_gy, patches_gy

= plt.hist(yr_bound_unord[:,0], 90,
, basefmt=" ",
= plt.hist(gy_bound_unord[:,0], 20,

weights=np.ones(len(gy_bound_unord][:,0]))/len(gy_bound_unord[:,0]),  rwidth=0.59,

stacked = True, color='k', alpha=1)

plt.ylabel('Percentage’, fonthame="Arial’, fontsize=13)
plt.xlabel('Correlation Coefficient (CC)', fontname="Arial’, fontsize=13)

plt.stem([10,20],[0.1,0.1],markerfmt="", basefmt=

plt.axis([0.9985, 1, 0, 0.3])

import matplotlib.font_manager as font_manager

font = font_manager.FontProperties(family="Arial’,

style="normal’, size=11)
plt.legend(prop=font)

" " linefmt="k',label="G|Y boundaries")

plt.gca().yaxis.set_major_formatter(PercentFormatter(1))

gradient = np.linspace(0, 0.1, 10).reshape(1, -1)
gradl = np.arange(0, 0.33, 0.001).reshape(1, -1)

grad2 = np.arange(0.33, 0.67, 0.0005).reshape(1, -1)

grad3 = np.arange(0.67, 1, 0.002).reshape(1, -1)

gradient = np.concatenate((gradl, grad2, grad3), axis=1)
plt.imshow(gradient, extent=[0.9985, 1, 0, 2], cmap="RdYIGn', aspect="auto")
plt.savefig('Boundaries_CC.png',bbox_inches="tight")

plt.show()
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# plt.imshow(gradient, extent=[0.9996, 1, 0, 19000], cmap="summer_r', aspect="auto")
#n_yr[n_yr==0]=-1

#n_gy[n_gy==0] =-1

# plt.scatter(bins_yr[:-1]+ 0.5*(bins_yr[1:] - bins_yr[:-1]), n_yr, marker='0", c="blue’, s=10, alpha=1)
# plt.scatter(bins_gy[:-1]+ 0.5*(bins_gy[1:] - bins_gy[:-1]), n_gy, marker='D', c='k’, s=10, alpha=1)

#%% drawing histogram SD

plt.figure(figsize=(6,3),dpi=300)

# the histogram of the yr data

n_yr, bins_yr, patches_yr = plt.hist(yr_bound_unord[:,1], 80,
weights=np.ones(len(yr_bound_unord[:,0]))/len(yr_bound_unord[:,0]), rwidth=1.1, density=None, stacked
= True, color="b', alpha=1)

# the histogram of the gy data

n_gy, bins_gy, patches_gy = plt.hist(gy_bound_unord[:,1], 20,
weights=np.ones(len(gy_bound_unord[:,0]))/len(gy_bound_unord[:,0]),  rwidth=0.59,  density=None,
stacked = True, color='k', alpha=1)

plt.ylabel('Percentage’, fontname="Arial’, fontsize=13)

plt.xlabel('Standard Deviation (SD)', fontname="Arial’, fontsize=13)

# plt.axis([0.9985, 1, 0, 0.3])

plt.gca().yaxis.set_major_formatter(PercentFormatter(1))

gradient = np.linspace(0, 0.1, 10).reshape(1, -1)

gradl = np.arange(0, 0.33, 0.001).reshape(1, -1)

grad2 = np.arange(0.33, 0.67, 0.0005).reshape(1, -1)

grad3 = np.arange(0.67, 1, 0.0008).reshape(1, -1)

gradient = np.concatenate((gradl, grad2, grad3), axis=1)

plt.imshow(gradient, extent=[0, 3, 0, 0.2], cmap="RdYIGn_r', aspect="auto")
plt.savefig('Boundaries_SD.png',bbox_inches="tight")

plt.show()

#%% drawing histogram CC for case 1

# plt.figure(figsize=(6,3),dpi=300)

# plt.plot([0.9,1],[0,0],linewidth=0.5, color='k',zorder=1)

# # the histogram of the yr data

# # n_yr, bins_yr, patches_yr = plt.hist(yr_bound_unord][:,0], 90,
weights=np.ones(len(yr_bound_unord[:,0]))/len(yr_bound_unord[:,0]), rwidth=1, density=None, stacked =
True, color="b', alpha=1)

# plt.stem(yr_bound_unord]:,0],0.1*np.ones((len(yr_bound_unord[:,0]))),markerfmt=""", basefmt=" ",
linefmt="b")

# # the histogram of the gy data

# n_gy, bins_gy, patches_gy = plt.hist(gy_bound_unord[:,0], 20,

weights=np.ones(len(gy_bound_unord[:,0]))/len(gy_bound_unord[:,0]), rwidth=0.59,  density=None,
stacked = True, color='k', alpha=1)

# plt.ylabel('Percentage’, fontname="Arial’, fontsize=13)

# plt.xlabel('Correlation Coefficient (CC)', fontname="Arial’, fontsize=13)

# plt.scatter(]0.9990],[0],marker="x',c="k’,s=65, linewidth=1.5,zorder=5)

# # markerline, stemlines, baseline=plt.stem([0.9990], [0.2], markerfmt='o0k’, linefmt="--k')
# # plt.setp(stemlines, 'linewidth', 2)

# arrowprops2 = dict(arrowstyle = "->", connectionstyle = "angle,angleA=0,angleB=60,rad=5")

# bbox = dict(boxstyle="round’,fc='w")

# plt.annotate('Observation’, xy=(0.999,0.0),xytext=(0.9993,
0.04),bbox=bbox,arrowprops=arrowprops2,zorder=10)
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# plt.axis([0.9985, 1, -0.01, 0.3])

# plt.gca().yaxis.set_major_formatter(PercentFormatter(1))

# gradient = np.linspace(0, 0.1, 10).reshape(1, -1)

# gradl = np.arange(0, 0.33, 0.001).reshape(1, -1)

# grad2 = np.arange(0.33, 0.67, 0.0005).reshape(1, -1)

# grad3 = np.arange(0.67, 1, 0.002).reshape(1, -1)

# gradient = np.concatenate((gradl, grad2, grad3), axis=1)

# plt.imshow(gradient, extent=[0.9985, 1, -0.5, 2], cmap="RdYIGn', aspect="auto’)
# plt.savefig('Boundaries_CC_casel.png',bbox_inches="tight)

# plt.show()

#%% drawing histogram CC for case 1 type 2

plt.figure(figsize=(6,3),dpi=300)

plt.plot([0.9,1],[0,0],linewidth=0.5, color='k',zorder=1)

# the histogram of the yr data

# n_yr, bins_yr, patches_yr = plt.hist(yr_bound_unord[:,0], 90,
weights=np.ones(len(yr_bound_unord[:,0]))/len(yr_bound_unord[:,0]), rwidth=1, density=None, stacked =
True, color="b', alpha=1)
plt.stem(yr_bound_unord][:,0],0.1*np.ones((len(yr_bound_unord[:,0]))),markerfmt=" ",  basefmt=" ",
linefmt="b",label="Y|R boundaries")

# the histogram of the gy data

n_gy, bins_gy, patches_gy = plt.hist(gy_bound_unord[:,0], 20,
weights=np.ones(len(gy_bound_unord[:,0]))/len(gy_bound_unord[:,0]), rwidth=0.59, density=None,
stacked = True, color='k’, alpha=1)

plt.ylabel('Percentage’, fonthame="Arial’, fontsize=13)

plt.xlabel('Correlation Coefficient (CC)', fontname="Arial’, fontsize=13)

plt.scatter([0.9990],[0], marker="x",c='k',s=65, linewidth=1.5,zorder=5,label=""Test observation")

plt.stem([10,20],[0.1,0.1],markerfmt="", basefmt="",linefmt="k',label="G|Y boundaries")
# markerline, stemlines, baseline=plt.stem([0.9990], [0.2], markerfmt="ok’, linefmt="--k")
# plt.setp(stemlines, 'linewidth’, 2)

# arrowprops2 = dict(arrowstyle = "->", connectionstyle = "angle,angleA=0,angleB=60,rad=5")
# bbox = dict(boxstyle="round',fc='w'")
# plt.annotate('Observation’, xy=(0.999,0.0),xytext=(0.9993,
0.04),bbox=bbox,arrowprops=arrowprops2,zorder=10)
import matplotlib.font_manager as font_manager
font = font_manager.FontProperties(family="Arial’,
style="normal’, size=11)
plt.legend(prop=font)

plt.axis([0.9985, 1, -0.01, 0.3])
plt.gca().yaxis.set_major_formatter(PercentFormatter(1))

gradient = np.linspace(0, 0.1, 10).reshape(1, -1)

gradl = np.arange(0, 0.33, 0.001).reshape(1, -1)

grad2 = np.arange(0.33, 0.67, 0.0005).reshape(1, -1)

grad3 = np.arange(0.67, 1, 0.002).reshape(1, -1)

gradient = np.concatenate((gradl, grad2, grad3), axis=1)

plt.imshow(gradient, extent=[0.9985, 1, -0.5, 2], cmap='"RdYIGn', aspect="auto’)
plt.savefig('Boundaries CC_casel v2.png',bbox_inches="tight")

plt.show()

#%% drawing histogram CC for case 2 type 2
plt.figure(figsize=(6,3),dpi=300)
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plt.plot([0.9,1],[0,0],linewidth=0.5, color='k',zorder=1)

# the histogram of the yr data

# n_yr, bins_yr, patches_yr = plt.hist(yr_bound_unord[:,0], 90,
weights=np.ones(len(yr_bound_unord[:,0]))/len(yr_bound_unord[:,0]), rwidth=1, density=None, stacked =
True, color="b', alpha=1)
plt.stem(yr_bound_unord][:,0],0.1*np.ones((len(yr_bound_unord[:,0]))),markerfmt=" ",  basefmt=" ",
linefmt="b",label="Y|R boundaries")

# the histogram of the gy data

n_gy, bins_gy, patches_gy = plt.hist(gy_bound_unord][:,0], 20,
weights=np.ones(len(gy_bound_unord][:,0]))/len(gy_bound_unord[:,0]),  rwidth=0.59,  density=None,
stacked = True, color='k', alpha=1)

plt.ylabel('Percentage’, fontname="Arial’, fontsize=13)

plt.xlabel('Correlation Coefficient (CC)', fontname="Arial’, fontsize=13)
plt.scatter([0.9996],[0],marker="x',c="k’,5=65, linewidth=1.5,zorder=5,label="Test observation™)

plt.stem([10,20],[0.1,0.1],markerfmt="", basefmt="",linefmt="k',label="G|Y boundaries")
# markerline, stemlines, baseline=plt.stem([0.9990], [0.2], markerfmt="ok’, linefmt="--k)
# plt.setp(stemlines, 'linewidth', 2)

# arrowprops2 = dict(arrowstyle = "->", connectionstyle = "angle,angleA=0,angleB=60,rad=5")
# bbox = dict(boxstyle="round',fc='w’)
# plt.annotate('Observation’, xy=(0.999,0.0),xytext=(0.9993,
0.04),bbox=bbox,arrowprops=arrowprops2,zorder=10)
import matplotlib.font_manager as font_manager
font = font_manager.FontProperties(family="Arial’,
style="normal’, size=11)
plt.legend(prop=font)

plt.axis([0.9985, 1, -0.01, 0.3])
plt.gca().yaxis.set_major_formatter(PercentFormatter(1))

gradient = np.linspace(0, 0.1, 10).reshape(1, -1)

gradl = np.arange(0, 0.33, 0.001).reshape(1, -1)

grad2 = np.arange(0.33, 0.67, 0.0005).reshape(1, -1)

grad3 = np.arange(0.67, 1, 0.002).reshape(1, -1)

gradient = np.concatenate((gradl, grad2, grad3), axis=1)

plt.imshow(gradient, extent=[0.9985, 1, -0.5, 2], cmap="RdYIGn', aspect="auto")
plt.savefig('Boundaries_CC_case2_v2.png',bbox_inches="tight")

plt.show()

#%% drawing histogram CC for case 3 type 2

plt.figure(figsize=(6,3),dpi=300)

plt.plot([0.9,1],[0,0],linewidth=0.5, color='k',zorder=1)

# the histogram of the yr data

# n_yr, bins_yr, patches_yr = plt.hist(yr_bound_unord[:,0], 90,
weights=np.ones(len(yr_bound_unord[:,0]))/len(yr_bound_unord[:,0]), rwidth=1, density=None, stacked =
True, color="b', alpha=1)
plt.stem(yr_bound_unord[:,0],0.1*np.ones((len(yr_bound_unord[:,0]))),markerfmt=" ",  basefmt=" ",
linefmt="b",label="Y|R boundaries")

# the histogram of the gy data

n_gy, bins_gy, patches_gy = plt.hist(gy_bound_unord[:,0], 20,
weights=np.ones(len(gy_bound_unord[:,0]))/len(gy_bound_unord[:,0]),  rwidth=0.59,  density=None,
stacked = True, color='k', alpha=1)

plt.ylabel('Percentage’, fontname="Arial’, fontsize=13)

plt.xlabel('Correlation Coefficient (CC)', fontname="Arial’, fontsize=13)
plt.scatter([0.9987],[0],marker="x',c="k',s=65, linewidth=1.5,zorder=>5,label="Test observation")
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plt.stem([10,20],[0.1,0.1],markerfmt="", basefmt="",linefmt="k',label="G|Y boundaries™)
# markerline, stemlines, baseline=plt.stem([0.9990], [0.2], markerfmt="o0k’, linefmt="--k’)
# plt.setp(stemlines, 'linewidth’, 2)

# arrowprops2 = dict(arrowstyle = "->", connectionstyle = "angle,angleA=0,angleB=60,rad=5")
# bbox = dict(boxstyle="round’,fc='w")
# plt.annotate('Observation’, xy=(0.999,0.0),xytext=(0.9993,
0.04),bbox=bbox,arrowprops=arrowprops2,zorder=10)
import matplotlib.font_manager as font_manager
font = font_manager.FontProperties(family="Arial’,
style="normal’, size=11)
plt.legend(prop=font)

plt.axis([0.9985, 1, -0.01, 0.3])

plt.gca().yaxis.set_major_formatter(PercentFormatter(1))

gradient = np.linspace(0, 0.1, 10).reshape(1, -1)

gradl = np.arange(0, 0.33, 0.001).reshape(1, -1)

grad2 = np.arange(0.33, 0.67, 0.0005).reshape(1, -1)

grad3 = np.arange(0.67, 1, 0.002).reshape(1, -1)

gradient = np.concatenate((gradl, grad2, grad3), axis=1)

plt.imshow(gradient, extent=[0.9985, 1, -0.5, 2], cmap="RdYIGn’, aspect="auto")
plt.savefig('Boundaries_CC_case3_v2.png',bbox_inches="tight")

plt.show()

#%% drawing histogram SD for case 1

# plt.figure(figsize=(6,3),dpi=300)

# # the histogram of the yr data

# # n_yr, bins_yr, patches_yr = plt.hist(yr_bound_unord[:,1], 80,
weights=np.ones(len(yr_bound_unord[:,0]))/len(yr_bound_unord[:,0]), rwidth=1.1, density=None, stacked
= True, color="b', alpha=1)

# plt.stem(yr_bound_unord[:,1],0.1*np.ones((len(yr_bound_unord[:,1]))),markerfmt=""", basefmt=" ",
linefmt="b")

# # the histogram of the gy data

# n_gy, bins_gy, patches_gy = plt.hist(gy_bound_unord[:,1], 20,

weights=np.ones(len(gy_bound_unord[:,0]))/len(gy_bound_unord[:,0]), rwidth=0.59,  density=None,
stacked = True, color='k', alpha=1)

# plt.ylabel('Percentage’, fontname="Arial’, fontsize=13)

# plt.xlabel('Standard Deviation (SD)', fontname="Arial’, fontsize=13)

# # plt.axis([0.9985, 1, 0, 0.3])

# plt.gca().yaxis.set_major_formatter(PercentFormatter(1))

# gradient = np.linspace(0, 0.1, 10).reshape(1, -1)

# gradl = np.arange(0, 0.33, 0.001).reshape(1, -1)

# grad2 = np.arange(0.33, 0.67, 0.0005).reshape(1, -1)

# grad3 = np.arange(0.67, 1, 0.0008).reshape(1, -1)

# gradient = np.concatenate((gradl, grad2, grad3), axis=1)

# plt.imshow(gradient, extent=[0, 3, 0, 0.2], cmap="RdYIGn_r', aspect="auto")

# markerline, stemlines, baseline=plt.stem([1.8647], [0.15], markerfmt="o0k’, linefmt="--k")
# # plt.setp(stemlines, 'linewidth’, 2)

# arrowprops2 = dict(arrowstyle = "->", connectionstyle = "angle,angleA=0,angleB=60,rad=5")
# bbox = dict(boxstyle="round’,fc='w")
# plt.annotate('Observation', xy=(1.8647,0.15),xytext=(2, 0.16),bbox=bbox,arrowprops=arrowprops2)

# plt.axis([0, 3, -0.0, 0.2])
# plt.gca().yaxis.set_major_formatter(PercentFormatter(1))
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# gradient = np.linspace(0, 0.1, 10).reshape(1, -1)

# gradl = np.arange(0, 0.33, 0.001).reshape(1, -1)

# grad2 = np.arange(0.33, 0.67, 0.0005).reshape(1, -1)

# grad3 = np.arange(0.67, 1, 0.002).reshape(1, -1)

# gradient = np.concatenate((gradl, grad2, grad3), axis=1)

# plt.imshow(gradient, extent=[0.9985, 1, -0.5, 2], cmap="RdYIGn', aspect="auto")
# plt.savefig('Boundaries_SD_casel.png',bbox_inches="tight')

# plt.show()

#%%

# for i in range(N_si):
mat_si = mat_data[:,:,i] # data for this indictor
mat_cur = mat_si.reshape((N_sample * N_res, 1)) # data in vector form (N_total x 1)
mat_global[:,i:i+1] = mat_cur
bound_cur = bound[i,:] # boundaries for this indicator
# labeling the data
if bound_cur[0] > bound_cur[1]:
green = mat_cur >= bound_cur[0]
rl = mat_cur < bound_cur[0]
r2 = mat_cur >= bound_cur[1]
yellow = np.logical_and(r1,r2)
red = mat_cur < bound_cur[1]
lab_arr[:,i:i+1] =0 * green + 1 * yellow + 2 * red
else:
green = mat_cur <= bound_cur[0]
rl = mat_cur > bound_cur[0]
r2 = mat_cur <= bound_cur[1]
yellow = np.logical_and(r1,r2)
red = mat_cur > bound_cur[1]
lab_arr[:,i:i+1] =0 * green + 1 * yellow + 2 * red

HFHHFHFHFEHFHFHHFHHFHHFHFHFHR

# #aaa = lab_arr.reshape((N_sample*N_res,N_si)) # labels of the samples
# confidence = np.zeros((N_sample*N_res,3,N_si))

# st_global = np.zeros((N_si,3))

# d_total = np.zeros((N_si,3))

# for i in range(N_si):

# mat_si = mat_data[:,:,i] # data for i-th indicator

# mat_cur = mat_si.reshape((N_sample * N_res, 1))

# # estimating true mean distance

# d_est =true_mean_distance(mat_cur, lab_arr[:,i:i+1],3)

# d_total[i,:;] =d_est

# alpha=0.674 # correction factor for 1-dimensional case
# st dev=d_est/alpha # bandwidth

# st _globalli,:] = st_dev # saving sigma in matrix

#  bound_cur = bound[i,:] # boundaries for this indicator

# if bound_cur[0] > bound_cur[1]:

# # green boundary is higher than yellow boundary

# for j in range(N_sample*N_res):

# X_cur = mat_cur[j,:] # current sample

# y_cur = int(lab_arr[j,i]) # current label

# st_cur =st_dev[:y_cur] # standard deviation for this sample
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confidence[j,0,i] = integral(x_cur, st_cur, bound_cur[0], limits[i,1])
confidence[j,1,i] = integral(x_cur, st_cur, bound_cur[1], bound_cur[0])
confidence[j,2,i] = integral(x_cur, st_cur, limits[i,0], bound_cur[1])
else:

# green boundary is lower than yellow boundary

for j in range(N_sample*N_res):
x_cur =mat_cur[j,:] # current sample
y_cur = int(lab_arr[j,i]) # current label
st_cur =st_dev[:,y_cur] # standard deviation for this sample
confidence[j,0,i] = integral(x_cur, st_cur, limits[i,0], bound_cur[0])
confidence[j,1,i] = integral(x_cur, st_cur, bound_cur[0], bound_cur[1])
confidence[j,2,i] = integral(x_cur, st_cur, bound_cur[1], limits[i,1])

HoH HH H O HHHHEHH

# # sum confidence in one row

# conf_sum = np.sum(confidence, axis=1)

# # confidence that sums to 1

# conf_true = np.zeros((N_sample*N_res,3,N_si))

# for k in range(3):

# conf_true[: k,:] = np.divide(confidence[:,k,:],conf_sum)

#ind_value =lab_arr/2 # class values
# coh_mat, coh = coherence(ind_value)  # coherence calculation
# coh_mean = np.mean(coh,axis=0) # calculating the average of coherences

# x_coh = np.zeros((11,12))
# for j in range(11):
# x_coh[j,:] = np.arange(1,13,1)

# plt.figure(figsize=(6,3),dpi=300)

# plt.plot(np.transpose(x_coh),np.transpose(coh),'x’,color="black’)

# markl, = plt.plot(np.arange(1,13,1),coh_mean,'bo',label="Mean")

# plt.ylabel('Coherence’,fontsize=13,fonthame="Arial’)

# plt.xlabel('Indicator’,fontsize=13,fontname="Arial’)

# plt.xticks(np.arange(0,(N_si+1),1))

# plt.axis([0.5, 12.5, 0.898, 1.002])

# plt.xticks(np.arange(1,13,1), (‘'ccC, 'SD’, 'SSE', 'ASLE',
'‘DABS''RMSE''ED','CSD','MM','SSRE','SSMMRE',"$\\rh0$"),rotation=20,fontsize="medium")
# plt.legend(handles=[mark1],loc="upper right', bbox_to_anchor=(1, 0.9),fontsize="'small’)

# plt.savefig('Coh.png', bbox_inches="tight")

# plt.show()

##1KVA

# lab_1kva = int(lab_arr[243,0])

# conf_1lkva = np.transpose(conf_true[243,:,0])
# mat_1kva = mat_global[243,0]

# plt.figure(figsize=(6,3),dpi=300)

#x,y="f Gauss(mat_1kva, st_global[0,lab_1kva], 0.9984, 1)

# plt.plot(x, y)

# xgfill,ygfill = f_Gauss(mat_1kva,st_global[0,lab_1kva],bound[0,0],1)

# pltfill_between(xgfill,ygfill,facecolor="green',alpha=0.5)

# xyfill,yyfill = f_Gauss(mat_1kva,st_global[0,lab_1kva],bound[0,1],bound[0,0])
# plt.fill_between(xyfill,yyfill,facecolor="gold',alpha=0.5)

# xrfillyrfill = f_Gauss(mat_1kva,st_global[0,lab_1kva],0.9984,bound[0,1])
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# plt.fill_between(xrfill,yrfill,facecolor="red',alpha=0.5)

# plt.ylabel('Density function',fontsize=13,fontname="Arial’)

# plt.xlabel('Correlation coefficient',fontsize=13,fontname="Arial’)
# # boundaries

# for j in range(2):

#  pltaxvline(x=bound[0,j],color="black’,linewidth=1.5)

# # stemline

# ymax = max(y)

# plt.vlines(mat_1kva,0,ymax,linestyle="dashdot',color="black’)

# # sample point

# plt.plot(mat_1kva,0.0,color="gold',marker="0',markeredgecolor="black’,markersize=6,mew=1.5)

# arrowpropsl = dict(arrowstyle = "->", connectionstyle = "angle,angleA=0,angleB=60,rad=5")
# arrowprops2 = dict(arrowstyle = "->", connectionstyle = "angle,angleA=0,angleB=120,rad=5")
# arrowprops3 = dict(arrowstyle = "->")

# arrowprops4 = dict(arrowstyle = "->", connectionstyle = "angle,angleA=0,angleB=80,rad=5")
# arrowprops5 = dict(arrowstyle = "->", connectionstyle = "angle,angleA=0,angleB=110,rad=5")

# bbox = dict(boxstyle="round’,fc='w")

# # annotation for red region

# plt.annotate('{:0.2f}%'.format(conf_1kva[2]*100),xy=(0.99895,300),xytext=(0.9986,
500),bbox=bbox,arrowprops=arrowprops2)

# # annotation for yellow region

# plt.annotate('{:0.2f}%'.format(conf_1kva[1]*100),xy=(0.9993,1200),xytext=(0.99948,
1400),bbox=bbox,arrowprops=arrowpropsl)

# # annotation for green region

# plt.annotate('{:0.2f}%".format(conf_1kva[0]*100),xy=(0.9998,-50),xytext=(0.99988,
200),bbox=bbox,arrowprops=arrowprops4)

# # annotate boundary green

#  plt.annotate('green-yellow\nboundary',multialignment="center',xy=(bound[0,0],2400),xytext=(0.99937,
2400),arrowprops=arrowprops3,verticalalignment="center',fontname="Arial")

# # annotate boundary yellow

# plt.annotate('yellow-red\nboundary',multialignment="center',xy=(bound[0,1],2400),xytext=(0.99865,
2400),arrowprops=arrowprops3,verticalalignment="center',fonthame="Arial’)

# plt.savefig('lkva.png',bbox_inches="tight’)
# plt.show()

## 20KVA

# lab_20kva = int(lab_arr[376,0])

# conf_20kva = np.transpose(conf_true[376,:,0])
# mat_20kva = mat_global[376,0]

# plt.figure(figsize=(6,3),dpi=300)

#x,y="f Gauss(mat_20kva, st_global[0,lab_20kva], 0.9984, 1)

# plt.plot(x, y)

# xgfill,ygfill = f_Gauss(mat_20kva,st_global[0,lab_20kva],bound[0,0],1)

# pltfill_between(xgfill,ygfill,facecolor='green’,alpha=0.5)

# xyfill,yyfill = f_Gauss(mat_20kva,st_global[0,lab_20kva],bound[0,1],bound[0,0])
# plt.fill_between(xyfill,yyfill,facecolor="gold',alpha=0.5)

# xrfill,yrfill = f_Gauss(mat_20kva,st_global[0,lab_20kva],0.9984,bound[0,1])
# pltfill_between(xrfill,yrfill facecolor="red',alpha=0.5)

# plt.ylabel('Density function',fontsize=13,fontname="Arial’)

# plt.xlabel('Correlation coefficient',fontsize=13,fontname="Arial’)
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# # boundaries

# for j in range(2):

#  plt.axvline(x=bound[0,j],color="black’, linewidth=1.5)

# # stemline

# ymax = max(y)

# plt.vlines(mat_20kva,0,ymax,linestyle="dashdot’,color="black’)

# # sample point

# plt.plot(mat_20kva,0.0,color='gold',marker="0',markeredgecolor="black’,markersize=6,mew=1.5)

# # annotation for red region

# plt.annotate('{:0.2f}%'.format(conf_20kva[2]*100),xy=(0.9989,1000),xytext=(0.9985,
1200),bbox=bbox,arrowprops=arrowprops2)

# # annotation for yellow region

# plt.annotate('{:0.2f}%'.format(conf_20kva[1]*100),xy=(0.9991,1000),xytext=(0.9993,
1200),bbox=bbox,arrowprops=arrowpropsl)

# # annotation for green region

# plt.annotate('{:0.2f}%'.format(conf_20kva[0]*100),xy=(0.9998,-50),xytext=(0.99988,
200),bbox=bbox,arrowprops=arrowprops4)

# # annotate boundary green

#  plt.annotate('green-yellow\nboundary',multialignment="center',xy=(bound[0,0],2400),xytext=(0.99935,
2400),arrowprops=arrowprops3,verticalalignment="center’,fontname="Arial’)

# # annotate boundary yellow

# plt.annotate('yellow-red\nboundary’,multialignment="center’,xy=(bound[0,1],2400),xytext=(0.9986,
2400),arrowprops=arrowprops3,verticalalignment="center',fontname="Arial’)

# plt.savefig('20kva.png',bbox_inches="tight")
# plt.show()

## 40 MVA

# lab_40mva = int(lab_arr[406,0])

# conf_40mva = np.transpose(conf_true[406,:,0])
# mat_40mva = mat_global[406,0]

# plt.figure(figsize=(6,3),dpi=300)

#x,y=f Gauss(mat_40mva, st_global[0,lab_40mva], 0.988, 1)

# plt.plot(x, y)

# xgfill,ygfill = f_Gauss(mat_40mva,st_global[0,lab_40mva],bound[0,0],1)

# pltfill_between(xgfill,ygfill,facecolor='green’,alpha=0.5)

# xyfill,yyfill = f_Gauss(mat_40mva,st_global[0,lab_40mva],bound[0,1],bound[0,0])
# pltfill_between(xyfill,yyfill,facecolor="gold',alpha=0.5)

# xrfill,yrfill = f_Gauss(mat_40mva,st_global[0,lab_40mva],0.988,bound[0,1])
# plt.fill_between(xrfill,yrfill,facecolor="red',alpha=0.5)

# plt.ylabel('Density function',fontsize=13,fontname="Arial’)

# plt.xlabel('Correlation coefficient',fontsize=13,fonthame="Arial’)

# # boundaries

# for j in range(2):

#  pltaxvline(x=bound[0,j],color="black’,linewidth=1.5)

# # stemline

# ymax = max(y)

# plt.vlines(mat_40mva,0,ymax,linestyle="dashdot’,color="black’)

# # sample point

# plt.plot(mat_40mva,0.0,color="red',marker="0',markeredgecolor="black',markersize=6,mew=1.5)
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# # annotation for red region

# plt.annotate('{:0.2f}%'.format(conf_40mva[2]*100),xy=(0.993,100),xytext=(0.99,
120),bbox=bbox,arrowprops=arrowprops2)

# # annotation for yellow region

# plt.annotate('{:0.2f}%'.format(conf_40mva[1]*100),xy=(0.9996,-5),xytext=(0.9975,
25),bbox=bbox,arrowprops=arrowpropss)

# # annotation for green region

# plt.annotate('0%',xy=(1,-5),xytext=(0.998, 75),bbox=bbox,arrowprops=arrowpropss)

# # annotate boundary green

# plt.annotate('green-yellow\nboundary',multialignment="center',xy=(bound[0,0],200),xytext=(0.996,
200),arrowprops=arrowprops3,verticalalignment="center',fontname="Arial")

# # annotate boundary yellow

# plt.annotate('yellow-red\nboundary',multialignment="center',xy=(bound[0,1],260),xytext=(0.9962,
260),arrowprops=arrowprops3,verticalalignment="center',fontname="Arial")

# plt.savefig('40mva.png',bbox_inches="tight')
# plt.show()

# with open(‘coherence.txt','w') as nt:
# foriin range(np.size(coh,0)):

# for j in range(np.size(coh,1)):

# nt.write("%0.4f\t" % cohl[i,j])
# nt.write("\n")

# with open('st_dev.txt','w") as nt:
for i in range(np.size(d_total,0)):
for j in range(np.size(d_total,1)):
nt.write("%0.4e\t" % d_totalli,j])
nt.write("\n")
nt.write("\n")
for i in range(np.size(d_total,0)):
for j in range(np.size(d_total,1)):
nt.write("%0.4e\t" % st_global[i,j])
nt.write("\n")
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# # confidence of 1 kva

# conf_1kva = np.transpose(conf_true[243,:,:])
# # confidence of 20 kva

# conf_20kva = np.transpose(conf_true[376,:,:])
# # confidence of 40 mva

# conf_40mva = np.transpose(conf_true[406,:,:])

mat_all = mat_data.reshape((396,12))

workbook = xlsxwriter.Workbook(‘classification.xIsx')
worksheet = workbook.add_worksheet()
for j in range(N_res):
for i in range(N_sample*N_res):
worksheet.write(i+1, j+1, lab_arr[i,j])
worksheet2 = workbook.add_worksheet()
for i in range(N_sample*N_res):
for j in range(N_si):
worksheet.write(i+1, j+1, mat_all[i,j])

197



APPENDICES

for k in range(3):
worksheet.write(i+1, k+2+N_si, confidence[i,k,0])

workbook.close()
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Appendix J. Area under the kernel calculation

import numpy as np

# 1 kVA 4kOhm
conf_243=confidence[243,:,:]
# 20 kVA
conf_376=confidence[376,:,]
#40 MVA
conf_406=confidence[4086,:,:]

index_mat = np.load('index_mat.npy")
mult=np.ones((len(index_mat),1))

for j in range(len(index_mat)):
ind = index_mat[j,:]
foriinrange(12):
mult[j,:] *= conf_243[ind[i],i]

[X, y] = np.nonzero(mult)

true_ind = index_mat[x,:]
true_mult = mult[x,:]
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