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Abstract

This thesis focuses on the impacts of electrical vehicle charging stations on
electrical power networks. The generated harmonic currents have negative
impacts on the power system components causing more losses and voltage
profile modifications. This thesis represents the impacts of PHEV charging
stations in different configurations of electrical networks. Each charging
station consists a three phase full wave rectifier with DC/DC converter for
charging regulation. A simulation model was programmed based on
MATLAB Simulink to perform harmonic analysis in two different
electrical configurations AC and DC electrical networks. In AC distribution
systems the impact of charging stations in three different modes shows that
the voltage is reduced from 400 V to 336V while the total harmonic
distortion of current and voltage reduced to 20.4% and 6.73% respectively.
On the other hand, in DC electrical networks the total harmonic distortion
of current and voltage are 24% and 10.9% respectively. Moreover, ETAP
software was used to analyze the impacts of charging stations on electrical
network in two different cases to localize the charging station downstream
and upstream. Finally, in order to mitigate the harmonics, passive filter

was designed to mitigate the harmonic currents which resulting to reduce
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that the total harmonic distortion of current and voltage reduced to 9.2%

and 5.3% respectively.
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CHAPTER ONE

INTRODUCTION

1- INTRODUCTION

1.1 Problem Statement

Adding charging stations to the electrical power grid leads to undesirable
issues, mainly the harmonic currents which have negative impacts on
electrical power networks that include voltage drops in destination points,
increasing the power losses, and reducing the capacity of electrical network

components [1,4,5].

The main source of harmonic currents of the supply network is the non-
linear loads. The chargers of electric vehicle are adopting power electronics
technologies mainly rectifiers used to convert the AC currents to DC
required for charging the battery. The rectifiers are considered as highly
non-linear equipment. The impacts of such chargers is significant in case
of fast charging stations which requires high charging currents as well as if

many charging stations operate at the same time.

This issue creates new challenges for a safe, stable and economical
distribution network [4]. Therefore, doing research on the harmonic
characteristic of charging stations can provide a theoretical basis for
harmonic suppression, and this is extremely important for the promotion of

electric vehicles.
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The electric vehicle batteries must be charged to provide energy to cars
mobility. Chargers for EVs are connected with # a three-phase system;
representing a non-linear load. The problem with the non-linearity
characteristic of EV charger is that it produces harmonic currents and
affects the network power profile voltage [5]. Distortion may also occur in
the form of a voltage wave that leads to a decrease the source voltage.
Another problem that a non-linear load may cause is affecting negatively
the performance of the distribution transformers, through increasing the
energy losses in the windings which leads to a reduction in the power
output [5]. Supplying electricity for the EV’s chargers negatively impacts

the power quality.

To date, research on the harmonic characteristic of the charging station is
still in the exploration stage and the harmonic characteristic of the charging
station depends on researching the harmonic model of single charger. The
harmonic of single charger produced by the rectifier has been restored and
thus the use of typical harmonic data of the rate as a symmetric result of the
charging devices [4]. This method caused a fairly large error. [2],[4] use the
measured current waveform of the charging machine at a certain fixed
moment without considering the variation of harmonics over time. Over
time, the charger's harmonic characteristic changes in the charging cycle
[5]. The charging station must offer a simplified engineering algorithm.
The harmonic model has been established corresponding the charging
power, thus the harmonic characteristic during the whole charging period

can be calculated which has an important significance. Stoats and his
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partner put forward a method to predict charging fleet of total harmonic
current. The probability density is distributed for each harmonic amplitude
of the charging station by relying on probabilistic mathematical methods.
But to ensure accuracy, you need this method, which depends on the
central limitation theory, which requires a large number of charger
samples. however, the sample size is far less than enough, therefore the
result of the analysis still need further validation. [1,2,4] discovered
phenomenon that harmonic ratio (HR); total harmonic distortion (THD)
reduced when the number of charging machines increases. It is considered
that there is no further explanation and analysis from literatures on this

phenomenon.

This thesis will study the harmonic currents and mitigation possibilities by
presenting  different charging stations configurations depending on the
power converters used as rectifiers, modeling of the system, and perform
simulation in order to study the main harmonic impacts and finding the

suitable filter design used to mitigate the harmonics.
1.2 Motivation

This thesis represents the impacts of charging stations on electrical
networks. The impacts of harmonic currents generated by such stations,
because of using rectifiers used to convert AC power to DC power, are
investigated. Moreover, the thesis represents the design and analysis of
using passive filters to mitigate the harmonic and currents which reduces

the total harmonic distortion (THD).



1.3 Objectives

e Develop of electrical model of electric vehicle charging process to simply

the analysis.

eMake a comparison between to electric network DC and AC distribution.

eUse the developed model to indicate the harmonic currents impacts on

electrical networks.

eDesign of passive filter to mitigate the harmonic currents, and test the

impacts of adding these Filter on electrical network.
1.4 Thesis structure
This thesis is organized into seven chapters including the current chapter.

Chapter 1 introduction about thesis subject, Electric vehicles, battery, and
chargers. Chapter 2 presents the impacts of rectifier harmonics on power
systems components. Chapter 3 represents harmonics impacts on power
station, harmonic distortion, power factor, IEEE standards. Chapter 4
represents the developed model of charging station harmonics which
consists three phase uncontrolled rectifier with DC/DC converter. Chapter
5 tests the developed model to illustrate harmonic impacts on AC and DC
electrical networks and shows the impacts of multiple charging station on
standard IEEE 33bus network by ETAP analysis. Chapter 6 shows the
mitigation of harmonics by using of passive filters and identifies the

impacts of such filters on the electrical network. Chapter 7 represents the
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future work and conclusions. Appendix A: line and load data of IEEE 33
bus system. Appendix B: Load flow report When put 12.66kV at
downstream. Appendix C: Harmonic report when put 12.66kVat
downstream. Appendix D: load flow report when put 12.66 kV at
upstream. Appendix E: harmonic report when put 12.66kVat upstream.
Appendix F: All figure harmonic report when 12.66kVat upstream & 1
rectifier. Appendix G: load flow report when put 12.66kV at upstream and
two rectifiers. Appendix H: All figure harmonic report when 12.66kV at
upstream & two rectifiers. Appendix I: All fig. harmonic for case two

rectifiers without any pulse.
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CHAPTER TWO
ELECTRIC VEHICLES AND CHARGERS

2- ELECTRIC VEHICLES AND CHARGERS
2.1 Background

Electric vehicles (EVs) have gain a great interest in order to achieve
reduction in the air pollution in urban areas. Many benefits of EVs such as
saving the environment, reduce petroleum consumption become concerns
of governments around the world [1,2]. Moreover, the development of new
energy vehicles has become an indispensable option for the world's
governments is contributing to the development of the local car industry
and improving the competitiveness of the national economy because in
recent years, the petroleum price has increased year after year due to a
shortage of oil resources. [1]. The typical layout of an electric vehicle with

charging station is depicted in Figure 2.1.
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2.1.1 Types of electric vehicle

There are three types of electric vehicles, the first type is plug-in-hybrid
electrical vehicle (PHEV). It has an internal combustion engine (ICE) and
electric motor, where the battery of the vehicle can be charged from the
engine as well as from the grid. The second type hybrid electrical vehicle
(HEV) is similar to PHEV but can’t be charged from the grid, it is charged
only from the rotation of the engine. Therefore, there is no charging
connector. The battery electrical vehicle (BEV) does not have a fossil fuel
engine or generator. It is driven purely by an electric motor with battery

energy storage.

From previous types, PHEV and BEV can be charged from electrical
power networks, where, the AC power converted to DC power is suitable
to charge the battery of these vehicles. Integration of such vehicles into the
electrical power distribution system is on the rise. Therefore, many
challenges and drawbacks effects to the system. Mainly, the integrating the
PHEV into the power distribution system lead to increased harmonic
voltage and current distortions [1,2]. Moreover, the widespread integration
of PHEV is a challenge for the power system operators because most
electric vehicles are fully or partially charged with electricity which makes
it for a long time connected to the distribution network [1]. Some studies
have shown that without any kind of mitigation, the PHEV charging causes
the electrical network to incur additional loads, which leads to an increase
in the combined load within hours and therefore affects the overall

reliability of the network. The main issue need to be addressed; the power
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quality issues they may causing service interruptions and harmonic
distortion in voltage and current waveforms [6]. Harmonic currents may
cause abnormal conditions such as increasing system losses, impacts power
system components such as de-rating power transformer, and failure some
of electric equipment such as protective devices and rotating electrical

motors.

A distortion system may cause significant harmonic distortion in network
voltage due to harmonic current due to a high number of single-phase

electronic loads.

2.1.2 EV battery

Every electric vehicle is equipped with an energy store to provide the
vehicle's motive power. The rechargeable battery system is the most
common type of energy storage used in commercial electric vehicles.
There is a difference from one company to another manufacturer in terms
of cell technology, configuration and battery pack capacity. For example, in
2016 Nissan leaf model S electric car is equipped with a 24kWh Li-lon
battery of 192 cells [2,3] will as shown in Table 2.1below the battery pack

main parameters list.
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Fig 2.2: Comparison of battery technologies [2]

Improvements in battery technology have paved the way for the rapid
growth of the electric vehicle market. One of the most important key
critical parameters for battery performance is energy density, which is
defined as the amount of energy stored in a unit volume of electrolyte.
Figure 2.2 illustrates the comparison of the energy densities of
commercially available battery technologies. Currently, Li-lon technology
Is considered to have the highest energy density economically possible and
thus allows more energy in a particular cell. Moreover, using of lithium-ion
batteries in electric cars have several advantages, including higher
efficiency, higher specific energy and lower density. One of the advantages
of this feature is that it improves the miles traveled by an electric vehicle to

attract more consumers to the electric vehicle market.
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Table 2.1: Lists of the main parameters of battery pack of 2016 Nissan leaf
model [2,7]

Parameter Value
Nominal Battery Capacity 24kWh / 66Ah
Nominal Voltage 360 V
No. of cells 192
No. of Modules in Series 48
Cell configuration in a module 2 in series and 2 in parallel
Electrolyte LiPF6 EC type

The nominal voltage of lithium-ion is 3.75V/cell. Therefore, for each
module the nominal voltage amounts to 2x3.75= 7.5V. The nominal

voltage of battery back amounts to 7.5x 48 =360V.
2.1.3 Electric vehicle charger

The battery of the electric car must be recharged as in the case of refueling
a conventional car, in order to continue moving. Thus, electric vehicle
charging is classified into two categories, on-board and off-ship charging.
All the charging infrastructure and control are located inside the vehicle is
on- board charging while theoff board charger is located outside the
vehicle. In any case, source shall be utility grid, either LV or MV whereas

the battery charging current is a regulated DC current.

Since regulated DC current and voltage shall be applied to the battery,
power electronic converters are used to convert AC voltage to DC voltage.
The charging capacity depends on the battery capacity and level of the
charger. Number of charging levels and standards will be discussed in the
later parts of this section. The EV charger is used to convert the utility AC
inlet into a DC regulated output as shown Figure 2.3. Waveform at the

point of common coupling shall be maintained at desired limits. Power
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electronic converters along with closed loop control system are equipped

with an EV charger.

A{Z Rec!iﬁer: Buck :DC-AC it | AC-DC _‘-Ir‘

Fig 2.3: Block diagram of Level 2 charger.

2.1.4 Charging standards and levels

The battery terminals are equipped with a DC voltage to charge the battery.
Usually, the utility predominantly is AC and therefore it needs to be

converted into DC to meet the changing requirements.

There are two types of charging, inductive/wireless charging and connector
charging. In inductive/wireless charging, there is no physical connection
between the vehicle and the source during the charging. conductive, In the

conductive charge the power source and the electric vehicle are connected.

The most common charging method is conductive charging at present.

Stable charging has become common in recent years.

There are international standards that define electric vehicle charging levels
of charging energy, associated with transportation and various
configurations. NEC 625 standards are common in North America, while
IEC-62196 and IEC-61851 are common in Europe. In the United States, the

Society of Automotive Engineers (SAE) developed standard power
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connectors and also specified charging power levels. The Japan Institute
has developed the Charge De Move (CHAdeMO) charging protocol that is
very popular in high-power DC charging.

IEC standards for electric vehicle charging determine four charging modes
based on voltage level, power source type, control lines, presence or

absence of grounding and protecting device.

The type of power source can be either DC or single-phase / three-phase
AC. In our research, we used the three-phase AC type where the voltage

level is about 220V single phase, or 400 V in three phase.

The four modes of EV charging are described as follows:

Mode 1: slow charging from a household-type socket-outlet in AC.

Mode 2: slow charging from a household-type socket-outlet with an in-

cable protection device in AC.

Mode 3: slow or fast charging using a specific EV socket outlet with

control and protection function installed in AC.

Mode 4: fast charging using an external charger in DC.
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Table 2.2: Lists the charging connection and power levels as per IEC-
62196 a IEC-61851. [3,9]

Charging Connection Power | Maximum Charger

Mode (KW) Current (A) | Location

Mode 1 | Single phase AC <3.7 16 ON Board

Mode 2 Single or three 3.7-22 32 ON Board
phase AC

Mode 3 | Three phase AC >22 >32 Off Board

Mode 4 DC >22 >32 Off Board
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CHAPTER THREE
HARMONIC IMPACT ON POWER STATION

3- HARMONIC IMPACT ON POWER STATION

The harmonic s current is created by nonlinear loads, which generated by a
non-sinusoidal current in the power distribution system. The current
waveform is often distorted by an increase in electronic and other nonlinear
loads. Through wave harmonic analysis, the distorted waveform is
analyzed to understand the phenomenon of distortion [10]. A distorted
waveform is the sum of the DC components, the basic sine wave, and a
series of pure sine waves. These sinusoidal waves are with different
amplitudes, and their frequencies are integer multiples of the basic distorted
wave shape. In this chapter, we analyze the harmonics. The distorted
waveform, effective value, total harmonic distortion (THD) and harmonic
effect on power factor are analyzed by Fourier series. It also shows the
symmetrical component properties and their relationship with the harmonic
sequence in the three-phase distribution system. The end of this chapter is

to describe the current harmonic generation by a three-phase rectifier.

Harmonics are periodic fixed voltage condition distortions and current
waveforms in the power system [Gary W. Chang, 2001] [11]. The purpose
of this chapter is to present the basic harmonic theory. Initially, the Fourier
series and the method of analysis are reviewed. We then describe the theory
of general harmonics, harmonic definitions, and harmonic indicators in

common use, and energy Ssystem response.
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The main source of the harmonics is any non-linear load s that produces
voltage and current harmonics. Some examples of common sources of
power distribution system harmonics which causing serious problems are
fluorescent lighting, computer switch mode power supplies, static VAR
compensators (SVC), variable frequency motor drives (VFD), DC-DC

converters, inverters and television power supplies [12].
3.2 Harmonic Impacts on Power System Components

The distortion effect on energy supply systems is serious because the flow
of current in the system increases. After all, the harmonic current does not
save power but consumes the system- capacity and reduces the loads that

can be operated [13].

When the harmonic current occurs in the facility, it causes equipment
failure, data distortion, transformers warming, engine isolation failure, high
neutral bus temperature, circuit breakers failure, and solid-state component

collapse. The cost of these problems can be enormous.

Harmonic currents increase heat loss in transformers and wires. The
impedance depends on the frequency which increases, with the harmonic
number. The frequency of the fifth harmonic is five times the base
frequency. So each ampere of the fifth harmonic current causes the fifth
times the ampere affecting much electrical equipment, machines, and

engines [14].
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3.2.1 Effects of harmonics on transformers

Voltage has a significant contribution to the additional heating and distorts
harmonic current in particular. Three effects result in increased transformer
heating when the load current includes harmonic components [15]: RMS
current: Harmonic currents can cause the transformer's RMS current to rise
above its capacity if the converter size meets only the KVA load
requirements. Increased RMS current results increase in conductor losses
and Eddy current losses. Currents induced in transformers are produced by
magnetic flows and flow in the coils, in the core, and other connected
objects exposed to the transformer's magnetic field and cause additional
heating. This component increases the transformer's losses with the current
frequency square that causes Eddy current. Therefore, it is an important
component of the transformer losses for harmonic Heating. Core losses:
The increase in core losses in the presence of harmonics depends on their
effect on the applied voltage and the transformer core design, an increase in
voltage distortion leads to an increase in eddy currents in the core
laminations [16]. The net effect depends on the thickness of the core
laminations and the quality of the core steel. Increasing the losses from the

harmonics is not as important as the previous two items.
3.2.2 Effects of harmonics on lines and cables

A major issue with the harmonics is: increase losses and heating, serious
damages in the dielectric for capacitor banks and cables, the appearance of

the corona (the amount of the ionization of the air around the conductor or
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the transmission line) due to higher peak voltages and corrosion in

aluminum cables due to DC.

3.2.3 Effects of harmonics on converter equipment

Equipment is considered as switches or on-off equipment due to current
and voltage switching by some devices such as diodes and thyristors [17].
These converters switch the current, so they create cracks in voltage
waveforms that cause a defect in the thyristors and create other unordered
releases of the other thyristors in the device, which may affect the

synchronization of other converter equipment.

3.2.4 Effects of harmonics on capacitor banks

It is well known that the power suppliers and customers use capacitors to
improve the power factor. There is a medium range of the frequencies in
which they are at capacitive and inductive effects that can combine to give
very high impedance. Resonance is a small harmonic current in the
frequency range and provides harmonic voltage too high and undesirable

[18].

From the perspective of harmonic sources, at harmonic frequencies, shunt
capacitors appear to be in parallel with the equivalent system inductance,
the nearest point is the additional installation. At the frequency in which the
capacitor's reaction Xc and the whole system's reactor are equal, the

apparent impedance of the parallel combination of inductance and
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capacitance becomes too large. This results in a typical parallel resonance

condition.
3.3 Power Quality Limits

IEEE standard 519 was first introduced in 1981 to provide direction on
dealing with harmonics introduced by static power converters and other
nonlinear loads so that power quality problems could be averted. IEEE 519

defines three parameters with respect to harmonic distortion [19,25].

2 24...
THDy, = \/"22”3[',1*2"4 t % 100% (1)
THD, = \/’22“3121*2”2*“‘ x 100% )

where:

THD,, _Total harmonic distortion of voltage.

THD, _ Total harmonic distortion of current.

I, _ rms value of nth harmonic of voltage (current).

IEEE 519-2014 standards shown in Table 3.1 for Current distortion limit

for general distribution systems (120V through 69000V).

Maximum harmonic current distortion in percent of I; Individual harmonic

order (Odd Harmonics).

Note: these values are not recognized by us.



19

Table 3.1: IEEE 519 Limits for current harmonics [3]

Iy 3<n<11 | 11<n<17 | 17<n<23 | 23<n<35 | 35<n | TDD
I
<20* 4 2 1.5 0.6 0.3
20<50 35 2.5 1 0.5
50<100 10 4.5 1.5 0.7 12
100<1000 12 55 2 1 15
>1000 15 7 2.5 1.4 20
,/Z‘,’; 12
TDD = ¥X———x 100% (3)
L
Where:

TDD = total demand distortion.

I;. = maximum short-circuit current at PCC.

I, = maximum demand load current (fundamental frequency component at

PCC).

(n): harmonic order.
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CHAPTER FOUR
DEVELOPED MODEL OF FAST CHARGING
STATION

4- DEVELOPED MODEL OF FAST CHARGING STATION

This chapter represents the modeling of fast charging station which consists
of three phase uncontrolled full-wave rectifier with DC/DC converter in
order to control the voltage and current required to charge the vehicle
battery depending on the charging process requirements, constant current
and constant voltage. Fig.4.1 shows the power converters used in the

charging station.

3 Phase DC/DC
Three phase
AC source uncontrolled controlled
AC/DC Regulator

Fig.4.1: Schematic diagram of charging converters
4.1 The Three Phase Uncontrolled Full Wave Rectifier

The following circuit in Fig.4.1 represents three phase uncontrolled
rectifier consisting of six diodes used in the first conversion stage AC to

DC.
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Fig. 4.2: Three phase uncontrolled rectifier
4.2 Calculating of AC/DC Rectifier Parameters

The derivation of the equations can be obtained from the Fig 4.3 to

calculating the average output voltage of AC/DC rectifier

'y FPeriodic Time (T) -
A C | A

+%W

| |
30° ©90° 150° 210° 270° 330° 390° 450° 510° i

G0 O utput Voltage Wawveform

Fig 4.3: Output voltage waveform
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Calculating the average output voltage of AC/DC rectifier

T
6 (2 ] T
Vie :%L \/?I/p Sln(a)t+g)da)t
6

Calculating the power factor:

In case of output constant current (I;. )

v, |2
3*\/7* §*Idc *P'F=VdC *IdC

165V,

*\E V3V

= 0.95 (5)

%4

P.F = —%
3*Vp

N

Fourier series analysis:

A distorted waveform can be analyzed using Fourier series representation

given as the following equation

FO=Fot ) fun=

%Adc + Yo—,(a, coshot + b, sin hot) (6)

where:

f(t) is called non sinusoidal periodic of the function

Age =" F(®) d(ot) (7)
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o= 2?” and T is periodic of the function f(t) and T = ]%

f = frequency

a,and b,, is series coefficient that can be determined as follow:

@, == J;" f(t) cos(not) d(et) n=12,
3,.
by == [, f() sin(not) d(et) n=12,
3,.
where:

® isangular angle

m  constantan (=3.14)

t istime

4.3 DC/DC Regulator, Buck Converter

As the average DC voltage from the first conversion stage AC/DC
converter is larger than the battery required voltage, the buck converter is
used to charge the battery. To simplify the simulation process, the battery is
represented as a resistor depending on the voltage and current used in
charging process. This resistor is on the low voltage side of DC/DC
regulator. It can be reflected to higher side of the converter by using the

following equations:
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VH=\Vdc

Fig.4.4: Block diagram DC/DC buck converter

VL =D*VH

Assuming the converter lossless ideal converter:

Vg *Iy =V, *1

Vy I 1
v, Iy D
Vi
R, =—
Vi
R, = —
Vi
D W
D=1 I, *D?
1
RH _RL *ﬁ

4.4 Representation of Charging Process

The charging process is shown in Fig.4.5; it can be seen that the constant
current is used for charging the battery with high current after that the
constant voltage is used where the current is reduced as the battery

becomes near fully charged.
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Typical DC Fast Charge

120

100

co
o
T

Current (A)

[=2]
o
T

40

201

Current | | 400
Voltage

1

-390

-1380

Voltage (V)

-1370

1360

350

‘ L340

0
0

! !
500 1000

L 1
2000 2500
Time (s)

3000 3500

Fig 4.5: DC fast charging for a 2012 Nissan Leaf charged with a 50kW fast charger

The values of current and voltage with respect to charging time are listed in

Table 4.1 .As shown the charging process starts first with constant current

mode with supplying 120 A, during this period the voltage increases fast to

reach 395 V. Thereafter the constant voltage mode is used to complete the

charging process. Extracting the values of current and voltage from the

figure to illustrate them in the following table:

Table 4.1: Charging process parameters

Time (sec) | Voltage (V) Current (A) | Resistance ({2)
250 375 120 3.12
500 385 120 3.20
1000 395 120 3.29
1250 395 70 5.64
1500 395 50 7.90

The three-phase uncontrolled rectifier connected to 400V line to line

voltage, the peak voltage of phase voltage amounts to 325V (peak). The

average output voltage of the rectifier as is equation (4) will be 1.65Vp.
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Therefore, the average voltage will be 537.2V. This voltage is greater than
the battery voltage then we use buck converter to match between the
battery and the rectifier and to control the current and voltage. For
simplifying the model, the DC/DC buck converter model is replaced by

reflecting the value of the resistance in Table 4.2.

Table 4.2: The value of resistance on high voltage side

Rectifier output Battery Duty Resistance (Q)

voltage voltage (V) ratio on the high side
537.2 375 0.70 6.41
537.2 385 0.72 6.25
537.2 395 0.74 6.09
537.2 395 0.74 10.44
537.2 395 0.74 14.61
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CHAPTER FIVE
ANALYSIS OF HARMONIC CURRENTS AND
IMPACTS ON DIFFERENT ELECTRICAL
NETWOR

5- ANALYSIS OF HARMONIC CURRENTS AND
IMPACTS ON DIFFERENT ELECTRICAL NETWORK

This chapter deals with the proposed model of charging station in chapert4
and adapt such model to figure out the impacts of charging station on
different networks represented in low voltage network with AC/DC and

higher network with AC.
5.1 Charging station in LV distribution network
5.1.1 DC distribution system

It can be seen in Fig 5.1 that the rectifier converts the AC power to DC
power which is transmitted to three different nodes. The harmonic currents
are only in the input of the AC/DC rectifier. On the DC distribution system

there are no harmonic currents as the system is DC .

£
o
o
<

vy R1
o V=1653— \,

)
ojc‘

N

S
L
jw

Ev1 Ev2 Ev3

Fig 5.1: DC- distribution network
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The voltage waveforms are shown in Fig. 5.2 and its harmonic spectrum is

shown in Fig. 5.3.

500 . : : :
i /\/\J\M
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0 0.02 0.04 0.06 0.08 0.1
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Fig 5.2: DC distribution system three phase voltage waveforms (V)
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Fig 5.3: Fast Fourier analysis of voltage waveforms (V)
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It can be seen the total harmonic distortion of voltage waveform amounts
to 10.19% and this percent depends on the harmonic contents of currents
waveforms explained in the next figure. The AC currents waveforms are
shown in Fig.5.4. These waveforms are non-sinusoidal currents with high

harmonic contents.

200 F T T T T 3
0 =
-200¢ I 1 I I =
0 0.02 0.04 0.06 0.08 0.1
200 = T T T T
<
5
(6]
-200E .
0 0.02 0.04 0.06 0.08 0.1
200F x
O - -
-200E I ! . i ]
0 0.02 0.04 0.06 0.08 0.1
Time (sec)

Fig.5.4: DC distribution system PCC current (A)



Signal

Signal mag.

FFT analysis

30

Selected signal: 5 cycles. FFT window (in red): 4 cycles
T TT

-
=]
=}

o

£

=

=1
T

"'_7\' I I‘I T

B —]

o

0.01 0.02 0.03 0.04 0.06 0.06 0.07

Time (s)

Fundamental (50Hz) = 212.1 , THD= 24.03%
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Illll ------ P11 PPl

n Fy Fy ‘ Ll | L L I L I
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Freauenov (H7)

500

Fig 5.5: Fast Fourier spectrum DC distribution system PCC current (A)

In Fig 5.5, the FFT analysis shows the spectrum of the phase current. The
fundamental component with 212.1A, the fifth harmonic component h5
amounts to 39.69A and the value decrease to reach 3.57A at h=19. The

harmonic contents especially in lower frequency components results to

have high THD which amounts to 24.03%.

1000
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5.1.2 AC distribution system

400v

pcc Z1 1 %2 2 ,.Z3. .. V3

Ev1 Ev2 Ev3

Fig. 5.6: AC- distribution network
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Fig 5.7: AC distribution system (Nodel) three phase voltage waveforms (V)
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Selected signal: 5 cycles. FFT window (in red): 4 cycles
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Fig 5.8 Harmonic spectrum AC distribution system (Nodel) three phase voltage
waveforms

In Fig 5.8, the FFT of voltage waveform phase (a), the analysis shows the
spectrum components that includes the fundamental component of 300.8 V,
fifth harmonic component amounts to 13.32 V and reduced to reach 1.30 V

at h=19. The value of THD amounts 6.37%.

The current waveforms of node-1 are shown in Fig 5.9.
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Fig 5.9: AC distribution system (Nodel) three phase current waveforms (A)
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In Fig 5.10, the FFT analysis of current waveform of phase (a), the
spectrum includes the following components, the fundamental(50Hz)
=234.1 A, h5(250Hz) =40.41 A, h7 (350Hz) =23.41 A, h11(550Hz) =8.28
A, h13 (650Hz) =4.41 A, h17(850Hz) =0.50 A , h19 (950Hz) =1.08 A
resulting the THD =20.39% .
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§15»
(7]
£
]
S 10+
w
k]
2
g O
- I
0 1 | L L 1 L 1 I 1 L 1 a
0 100 200 300 400 500 600 700 800 900 1000

Frequency (Hz)

Fig 5.10: Harmonic spectrum AC distribution system (Nodel) three phase current
waveforms
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Fig 5.11: AC distribution system (Node2) three phase voltage waveforms (V)
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Fig 5.12: Harmonic spectrum AC distribution system (Node2) three phase voltage
waveforms

In Fig 5.12, at FFT analysis of node (2) voltage waveform. The
fundamental component (50Hz) =283.9V, h5(250Hz) =22.02 V, h7(350Hz)
=17.44 V, h11(550Hz) =9.99 V, h13(650Hz) =6.83 V, h17(850Hz) =2.79
V, h19(950Hz) =2.70 V and the THD =11.71%.
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Fig 5.13: AC distribution system (Node2) three phase voltage waveforms (A)
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Fig. 5.14: Harmonic spectrum AC distribution system (Node2) three phase current
waveforms

Fig 5.14 shows the FFT analysis of node (2) currents. The fundamental
(50Hz) =151.7A, h5(250Hz) =27.02 A, h7(350Hz) =16.16A, h11(550Hz)
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=7.46A, h13(650Hz) =5.4 A, h17(850Hz) =3.08A, h19(950Hz) =2.38A and
the THD =21.81%.
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Fig 5.15: AC distribution system (Node3) three phase voltage waveforms (V)

Fig 5.16 shows the FFT analysis of voltage waveform of node (3). The
fundamental(50Hz) =275.5V, h5(250Hz) =25.99 V, h7(350Hz) =20.26 V/,
h11(550Hz) =11.33V, h13(650Hz) =7.88V, h17(850Hz) =5.32V,
h19(950Hz) =5.48V and the THD =14.94%.
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Fig 5.16: Harmonic spectrum AC distribution system (Node3) three phase voltage
waveforms

Figure 5.17 shows the current waveforms of node (3) which is less than the
currents of node 2 and node (1) because the current in node (1) is the sum

of currents in node (2) and node (3).
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Fig 5.17: AC distribution system (Node3) three phase current waveforms (A)
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Fig 5.18: Harmonic spectrum AC distribution system (Node3) three phase current
waveforms

In Fig 5.18, at FFT analysis the fundamental (50Hz) =74.47A, h5(250Hz)
=12.99 A, h7(350Hz) =7.69 A, h11(550Hz) =4.3 A, h13(650Hz) =3.66 A,
h17(850Hz) =2.97 A, h19(950Hz) =2.55A and the THD =22.64%.
Comparison between nodes in AC system near the source and far for THD

of current and voltage:
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Table 4.3: Comparison between nodes in AC system near the source
and far for THD of current and voltage.

Node 1l | Node?2 | Node 3
(near the (far the
source) source)
Voltage(V) | Fundamental 300.8 283.9 275.5
(50H2)
THD 6.73% | 11.71% | 14.94%
Current(A) | Fundamental(50Hz) | 234.1 151.7 74.47
THD 20.39% | 21.81% | 22.64%

In Table 4.3 it can be observed that the THD in node (3) more than in node
(1) because the impedance increased with distance that makes the voltage

distorted and THD for voltage and current related to each other.

Table 4.4 shows a comparison between AC system and DC system for
THD of current and voltage.

Table 4.4: Comparison between DC system and AC system for THD of
current and voltage

DC AC AC AC
system | system | system | system
Node 1 | Node 2 | Node 3

Voltage(V) | Fundamental 3035 | 300.8 | 283.9 | 2755
(50H2)
THD 10.19% | 6.73% | 11.71% | 14.94%
Current(A) | Fundamental(50Hz) | 212.1 | 234.1 | 151.7 | 74.47
THD 24.03% | 20.39% | 21.81% | 22.64%

In Table 4.4, the THD in DC network is more than the THD in AC network
because of the impedance in AC network acts as filter that mitgates some

harmonics and therfore reduced the THD.



40

5.2 Harmonic analysis of AC networks on medium voltage
5.2.1 Description of the ETAP network

The single line diagram of standard 33 bus distribution system in figure
5.19 is ETAP's network that was used for doing many tests on it. First, | put
a rectifier load (charging station) in bus upstream and get the results to
compare them with the status of the rectifier load (charging station) in bus
downstream to find the best place to get the required results. 1 also did an
experiment in the case of one rectifier at busl and the case of developing
two rectifiers at busl and bus6. Finally, | put two rectifiers without any

pulse and get the waveform and results.
What is rectifier?

The rectifier is Electrical device that converts alternating current (AC)
which periodically reverse direction to direct current (DC)which flows in

only one direction.

23 24 25

26 27 28 29 30 31 32 33

123456/789101112131415]61718
@l | | | |
| | || |

19 20 21 22

Fig 5.19: Single line diagram of standard 33-bus distribution system (ETAPA's
network)
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5.2.2 Analysis state 1 When putting 12.66kV at downstream
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Fig 5.20: Network when putting 12.66kv at downstream(bus6)
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Table 5.1: Load flow when putting 12.66kV at downstream

Generation Load Load flow
MW | MVAr | MW | MVAr MW MVAr A PF%

Mmbvfkkzxxzxs | 3.829 | 2.375 0.1 0.06 Bus2 | 3.729 2.315 200.2 85

Busl

Bu 6 0 0 0.196| 0.098 |Busb5 | -2.017 | -1.474 | 119.6 80.7
Bus7 | 0.961 0.458 51 90.3
Bus26 | 0.859 0.917 60.2 68.4

Busl4 0 0 0.058 0.01 Bus13 | -0.349 | -0.127 18.5 94
Busl5| 0.291 0.117 15.6 92.8

Table 5.2: Harmonic when putting 12.66kV at downstream

Bus Voltage distortion %
Bus 1 0
Bus 6 0.02

Bus 14 0
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5.3 Analysis state2 when putting the charging station at upstream

Table 5.3: Load flow when locating the charging station at upstream

Generation Load Load flow

MW MVAr MW MVAr MW MVAr A PF%

Bus 1 4.169 2.586 0.44 0.271 Bus 2 3.729 2.315 |200.2 85
Bus 6 0 0 0.196 0.098 Bus 5 -2.017 -1.474 |119.6| 80.7
Bus7 0.961 0.458 51 90.3
Bus26 0.859 0.917 60.2 68.4

Bus 14 0 0 0.058 0.01 Bu 13 -0.349 -0.127 | 185 94
Bus15 0.291 0.117 15.6 92.8

Table 5.4: Voltage total harmonic distortion with locating the charging station at upstream

The best place to put the charging station is upstream because it is not affected much by losses.

Bus Voltage distortion %
Bus 1 0
Bus 6 0
Bus 14 0
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5.4 Analysis state 3 harmonic when 12.66 kV at upstream and one rectifier
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Fig 5.21: Network when putting 12.66kv at upstream(busl)
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Table 5.5: Current distortion when 12.66kV at upstream & one
rectifier

From bus To bus Fund. Amp THD%
Bus 1 Bus 2 200.17 0.04
Bus 6 Bus 5 119.64 0.04

Bus7’ 51 0.04
Bus 26 60.21 0.03
Bus 14 Bus 13 18.51 0.04
Bus 15 15.63 0.04

Table 5.6: Harmonic voltage (% of fundamental voltage) when
12.66kV at upstream & one rectifier

Bus Fund. kV Order5 Order 3
Bus 1 12.66 0.03 0.03
Bus 14 11.579 0.03 0.02
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5.5 Analysis state 4 harmonic when 12.66kV at upstream and two rectifiers
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Table 5.7: Load flow when putting 12.66kV at upstream & two rectifiers

Generation Load Load flow
MW MVAr | MW MVAr MW Mvar | A PF%
Busl 4.541 2.817 0.44 | 0.271 | Bus2 4101 | 2546 |220.1| 85
Bus 6 0 0 0.536 | 0.309 [Bus5 | -2.352 | -1.681 |139.5| 814
Bus7 0.959 | 0.457 | 51.3 | 90.3
Bus26 | 0.857 | 0.915 | 60.5 | 68.4
Bus14 0 0 0.058 | 0.01 |Busl3 | -0.348 | -0.126 | 18.6 94
Busl5 | 0.29 0.117 | 156 | 92.8
Table 5.8: Current distortion when 12.66kV at upstream & two rectifiers
Frombus | To bus Fund. Amp THD%
Bus 1 Bus 2 220.14 2.23
Bus 6 Bus 5 139.49 3.55
Bus7 51.26 0.66
Bus 26 60.5 0.51
Bus 14 Bus 13 18.61 0.66
Bus 15 15.72 0.66
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Table 5.9: Harmonic voltage (% of fundamental voltage) when 12.66kV at upstream & two rectifier

Bus

Fund. kV

Order5

Order 3

Bus 1

12.66

0.05

0.05

Bus 14

11.488

0.44

0.4

5.6 Analysis state 5 harmonic with two rectifiers & without any pulse
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Table 5.10: Current distortion when 12.66kV without any pulse

Frombus | To bus Fund. Amp. THD%
Bus 1 Bus 2 220.14 2.43
Bus 6 Bus 5 139.49 3.86

Bus7 51.26 0.98
Bus 26 60.5 0.79
Bus 14 Bus 13 18.61 0.99
Bus 15 15.72 0.98

Table 5.11: Harmonic voltage (% of fundamental voltage) when
12.66kV without any pulse

Bus Fund. kV Order5 Order 3 Order 37
Bus 1 12.66 0.05 0.05 0.04
Bus 14 11.488 0.44 0.39 0.25

Note: there is information about harmonic for fundamental and nominal

voltage for all buses.

Table 5.12: Harmonic order of charging current

Frequency(Hz) Peak current (A)
50 324
5*50 65.5
7*50 48.87
11*50 30
13*50 24.51
17*50 19.63
19*50 16.64
23*50 14.66
25*50 12.55
29*50 11.76
31*50 10.05
35*50 9.85
37*50 8.36
39*50 1.00
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CHAPTER SIX
MITIGATION OF HARMONICS BY FILTERS

6- MITIGATION OF HARMONICS BY FILTERS
6.1 Harmonic Distortion Mitigation Techniques

There are three main ways to reduce harmonic distortion in power systems
[20]. These are: second passive candidate, active power filter and active
hybrid power filter. In this section, we will discuss various techniques for
mitigating harmonic distortion, advantages, disadvantages and limitations

of these technologies.
6.1.1 Passive filter

The first method shown in Fig. 6.1 is the most traditional method of
mitigating harmonic components and is the simplest method of suppressing
harmonics in power systems [22], [20-23]. This type of filter consists of
simple passive elements (resistor, inductor, and capacitor) and is adjusted
to remove a specific frequency component. The single filter is connected
with the power system and is adjusted respectively to provide a low
impedance to a particular harmonic current. Then the harmonic currents
will divert from their natural path through the filter. A high-pass filter is
one of passive filters types. They allow a large percentage of harmonics to
pass through it over the corner frequency [22], [21]. It is typically one of

the three types shown in Fig. 6.1.
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a. first order HPF b. second order HPF c. third order HPF

Fig. 6.1: Passive high pass filters of different orders

The first-order HPF resonance problem limits its utilization. To solve the
resonance problem, the resistance is connected in series with a capacitor to
solve the resonance problem, but at high power loss, which is also
undesirable. The second-order filter is the most effective for use when
considering both design complexity and harmonic distortion mitigation
capacity. The third-order filter provides improved performance compared
to the second-order filter. Therefore, we use a limited third-order filter for
the LV/MV application system, due to the complexity of the design,
reliability, and economic factors. Although passive filters are easy to
design and operate, they do not always respond to power system dynamics.
Other disadvantages of passive filters are: (1) their size is heavy and large
due to passive elements. The harmonics that will be suppressed are usually
low-order [22,23].  (2) A resonance or tuning problem affects power
system network stability [20,23,24]. (3) Filter characteristics are affected
by the frequency variations in the power system, the frequency of elements,

and the size of the component does not achieve in a variable frequency
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environment. (4) Constant compensation, (5) noise and (6) increased loss

[23].
6.1.2 Active power filter

Remarkable advances in the field of power electronics had sparked interest
in APF for harmonic distortion mitigation [19], [20], [24-25]. The primary
technology of APF is to use power electronics technologies to produce
current harmonic components so that the source provides only the
fundamental part of the current required by the load. The total system
consists mainly of two circuits, the power circuit and the control circuit.
The control circuit reference current feds with information regarding
harmonic current and other system variables to generate the control signal,
which causes the APF to generate the required compensation current.

Active power filter is shown in Fig 6.2 as shunt active filter

AC Source 5
[N .
Nonlinear
4" - + load

& VSI

Fig 6.2: Basic configuration of shunt APF
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6.2 Passive filter design for harmonic filter

In this section passive filter design with RLC elements is discussed. This
filter is a three phase filter used for reactive power compensation and to
eliminate the dominant harmonics such as 7" and 5" harmonic. The filter
design criteria is as follows:

VZ

X
Q.

Where:

Q.: the reactive power required from the filter

n, the harmonic order of harmonic component required to be eliminated
f: Fundamental frequency

QF: quality factor

Considering the AC network shown in Fig. 5.6, a passive filter is used to
deliver 18 kVar (the reactive power consumed by the network) that makes

power factor in the point of common coupling unity. The three phase filter
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Is connected in delta to obtain three times reactive power if filter connected
in star. The filter designed to eliminate the 5™ harmonic which has the
highest harmonic current in order to reduce the total harmonic distortion for

both current and voltage.

The filter is connected in delta configuration to gain more reactive power

with less capacitance.
V=400V, Qc=18kVar
Xc=26.66 Q

X =1.06 Q

Quiality factor = 30
R=0.0355 Q
L=0.003395 H

C=0.00011F

300

200
100
0 L

Current (A)

-100+
-200+

-300

0.02 0.04 0.06 0.08 0.1
Time (s)

Fig 6.3: The AC current after adding passive filter to eliminate 5™ harmonics



Fig.6.3 shows the current waveform at PCC after adding passive filter with
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elimination of 5™ harmonics with quality factor 30.

FFT analysis

Fundamental (50Hz) = 235.2 , THD= 9.27%

Mag (% of Fundamental)
N w ~ o o ~
4] T T T T T

-
T

alll

i b

Laflilins

denllins

0

Fig 6.4: Current harmonic spectrum after adding passive filter (AC distribution)

It can be seen in Fig. 6.4 the 5™ harmonic is suppressed and the THD of the

current decreased from 20.4% to 9.2%. whereas, the THD for voltage

100 200 300

decreased from 6.7% to 5.3%.
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Fig 6.5: Voltage harmonic spectrum after adding passive filter (AC distribution)
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CHAPTER SEVEN
CONCLUSIONS

7- CONCLUSIONS

A computer model is programmed in MATLAB Simulink to perform
harmonic analysis in two different electrical configurations AC and DC. In
AC distribution systems the impact of charging stations in three different
modes shows that the voltage is reduced from 400 V to 336V. The total
harmonic distortion of current and voltage amount to 20.4% and 6.73%
respectively. On the other hand, in DC system the total harmonic distortion
of current and voltage amount to 24% and 10.9% respectively. Moreover,
ETAP software was used to perform the impacts of charging stations on
electrical network in two different cases to localize the charging station
downstream and upstream. Finally, in order to mitigate the harmonics,
passive filter is designed and the total harmonic distortion of current and

voltage reduced to 9.2% and 5.3% respectively.
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APPENDICES

Appendix A

line and load data of IEEE 33 bus system

load at receiving

Sending bus | Receiving | Resistance | Resistance end bus
LINE Number
no. bus no. (Q) (Q) .
Reactive
real power
(KW) Power
(KVAR)

1 1 2 0.0922 0.0477 100 60
2 2 3 0.493 0.2511 90 40
3 3 4 0.366 0.1864 120 80
4 4 5 0.3811 0.1941 60 30
5 5 6 0.819 0.707 60 20
6 6 7 0.1872 0.6188 200 100
7 7 8 1.7114 1.2351 200 100
8 8 9 1.03 0.74 60 20
9 9 10 1.04 0.74 60 20
10 10 11 0.1966 0.065 45 30
11 11 12 0.3744 0.1238 60 35
12 12 13 1.468 1.155 60 35
13 13 14 0.5416 0.7129 120 80
14 14 15 0.591 0.526 60 10
15 15 16 0.7463 0.545 60 20
16 16 17 1.289 1.721 60 20
17 17 18 0.732 0.574 90 40
18 18 19 0.164 0.1565 90 40
19 19 20 1.5042 1.3354 90 40
20 20 21 0.4095 0.4784 90 40
21 21 22 0.7089 0.9373 90 40
22 22 23 0.4512 0.3083 90 50
23 23 24 0.898 0.7091 420 200
24 24 25 0.896 0.7011 420 200
25 25 26 0.203 0.1034 60 25
26 26 27 0.2842 0.1447 60 25
27 27 28 1.059 0.9337 60 20
28 28 29 0.8042 0.7006 120 70
29 29 30 0.5075 0.2585 200 600
30 30 31 0.9744 0.963 150 70
31 31 32 0.3105 0.3619 210 100
32 32 33 0.341 0.5302 60 40
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Appendix B

Load flow report When put 12.66kV at downstream

LOAD FLOW REPORT

Bus Voltage Generation Load Load Flow XFMR
W %Mz Ang MW Myar MW Myar MW Mrvar Amp *%PF %Tap
*Busl 12660 100.000 0o 3829 2375 0.100 0.060 Bus2 379 2315 2002 5.0
Bus2 12660  99.717 0o 0 0 0.090 0.040 Busl -3.718 -2310 200.2 49
Bus3 3.268 2.099 177.6 241
Busl® 0.360 0.171 18.2 904
Bus3 12660  98.379 01 0 0 0.119 0.079 Bus2 3.1 -2.075 177.6 41
Busd 2205 1571 1255 314
Bus23 0.897 0425 46.0 904
Busd 12660  97.681 02 0 0 0.059 0.030 Bus3 -2.188 -1562 125.5 314
Buss 2128 1533 1224 311
Bus3 12660 96573 02 0 0 0.05% 0020 Busd -2111 1524 1724 311
Bus6 2052 1504 1186 306
Busé 12660 95208 01 0 0 0.196 0.098 Bus3 -2.017 <1474 1196 30.7
BusT 0.561 0.458 510 903
Bus26 0.859 0917 60.2 684
Bus7 12660  94.903 -01 0 0 0.196 0.093 BusE -0.960 0454 510 904
Busg 0.764 0335 405 80.7
Busg 12660  93.757 -02 0 0 0.05% 0.020 Bus7 0.733 -0.34% 40.3 30.8
Bus® 0.697 0330 375 504
Bus¥ 12660 93118 -03 0 0 0.058 0019 BusB -0.682 -0327 375 504
Busl0 0.634 0307 345 90.0
Busl0 12660 92524 -03 0 0 0.044 0.02% Bus? -0.630 -0305 345 0.0
ey [ERTTT T e u u e vavie  ausw s a s s
Bu:10 0634 0307 M3 %00
Busl0 12660 92524 3 0 0 004 0029 Bush D630 305 M3 s
Busll 0386 0276 9 9035
Busll 12660 9244 03 0 0 0.038 0.034 Busl 0386 0273 9 9035
Bus12 0528 0241 86 909
Busl2 12660 92280 03 0 0 0.038 0034 Busll £ 4 86 909
Bus13 0.468 0.207 B3 913
Bus13 12660 9164 04 0 0 0116 0077 Busl2 D468 0205 B3 913
Bu:l4 0349 0127 185 938
Busl4 12660 91463 3 0 0 0.058 0010 Busli L3 40 185 340
Bus13 091 07 156 9238
Bus1§ 12660 9134 03 0 0 0.038 0019 Busl4 0290 117 156 9238
Buslé 0.2 0097 126 921
Busl6 12660 91149 06 0 0 0.038 0019 Busls £21 £.097 16 923
Bus1? 0174 0.078 95 913
Busl7 12660 9054 06 0 i 0.087 0039 Buslé 911 0077 85 914
Bus18 0.087 0.038 48 514
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Appendix C

Svstem Harmonics Bus Information

Voltage Distortion
KV Fund. RMS ASTAM THD F TIHD TSHD THDG THDS
% % % % o % % %

Busl 12.660 100.00 100.00 100.00 0 042 0.00 0.00 0.00 0.00
Bus2 12.660 99.69 99.69 99.69 001 042 0.00 0.00 0.00 0.00
Bus3 12,660 9820 9820 9820 0 042 0.00 0.00 0.00 0.00
Bus4 12.660 9739 97.39 9739 0 042 0.00 0.00 0.00 0.00
Bus$ 12,660 9657 96.57 9657 001 0.42 0.00 0.00 0.00 0.00
Bus6 12,660 9451 9451 9451 0.02 042 0.00 0.00 0.00 0.00
BusT 12,660 9421 9421 9421 0 042 0.00 0.00 0.00 0.00
Bus§ 12,660 9305 93.05 9305 0 042 0.00 0.00 0.00 0.00
Busd 12.660 9241 9241 9241 0 042 0.00 0.00 0.00 0.00
Bus10 12.660 9181 9181 9181 0 0.42 0.00 0.00 0.00 0.00
Busll 12.660 9172 9172 9172 002 042 0.00 0.00 0.00 0.00
Busl2 12,660 9157 9157 9157 0.02 042 0.00 0.00 0.00 0.00
Busl3 12,660 9094 9094 9094 0 042 0.00 0.00 0.00 0.00
Busl4 12.660 90.75 90.75 9075 0 042 0.00 0.00 0.00 0.00
Busls 12,660 9059 90.59 9059 002 0.42 0.00 0.00 0.00 0.00
Busl6 12.660 9043 90.43 90.43 0 042 0.00 0.00 0.00 0.00
Busl? 12,660 9018 90.18 90.18 0.02 042 0.00 0.00 0.00 0.00
Busl§ 12,660 9013 9013 9013 002 042 0.00 0.00 0.00 0.00
Busl9 12.660 99,63 99.63 99.63 0 042 0.00 0.00 0.00 0.00
bus20 12.660 9927 99.27 99.27 0 0.42 0.00 0.00 0.00 0.00
Bus2l 12.660 9920 99.20 99.20 0 042 0.00 0.00 0.00 0.00
Bus22 12,660 9913 90.13 99.13 0 042 0.00 0.00 0.00 0.00
Buw23 12,660 9786 9786 97386 001 042 0.00 0.00 0.00 0.00
Bus24 12.660 9749 9749 97.49 0.02 042 0.00 0.00 0.00 0.00
Buw24 12.660 9749 9749 97.49 0.02 042 0.00 0.00 0.00 0.00
Bus2S 12,660 9744 9744 9744 0 0.42 0.00 0.00 0.00 0.00
Buw26 12.660 9433 9433 9433 [ 042 0.00 0.00 0.00 0.00
Buws27 12.660 9410 94.10 9410 [ 042 0.00 0.00 0.00 0.00
Bus8 12,660 9305 93.05 93.05 0.02 0.42 0.00 0.00 0.00 0.00
Buw29 12.660 9233 9233 9235 [ 042 0.00 0.00 0.00 0.00
Bus30 12,660 9217 9217 9217 0 042 0.00 000 0.00 000
Bus3l 12,660 9191 9191 9191 0.02 042 0.00 0.00 0.00 0.00
Bus32 12.660 9159 9189 9189 002 042 0.00 0.00 0.00 0.00
Bus33 12,660 91589 9189 9189 002 042 0.00 000 0.00 000

# Indicates THD (Total Harmenic Distertion) Exceeds the Limit.
# Indicates THD (Individual Harmonic Distortion) Exceeds the Limit.
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Appendix D

load flow report when put 12.66kv at upstream

LOAD FLOW REPORT

Bus Voltage Generation Load Load Flow XFMR
m EV %oMaz  Ang MW Mvar MW Mvar MW Mvar Amp *%PF o Tap
*Busl 12660  100.000 oo 4169 2586 0440 0271 Bus2 3729 2315 2002 850
Buz2 12.660 99.717 0.0 o ] 0.090 0.040 Busl -3.718 -2.310 200.2 849
Bus3 3.268 2.099 177.6 241
Busls 0360 0171 182 S04
Bus3 12.660 98.379 01 o o 0.119 0.079 Bus -3.221 -2.075 177.6 841
Busd 2.205 1571 125.5 314
us23 0.897 0.425 46.0 50.4
Bus4 12.660 97.681 02 o ] 0.059 0.030 Bus3 -2.188 -1.562 125.5 314
Bus3 2118 1.533 1224 311
Bus5 12.660 96.973 02 o ] 0.059 0.020 Busd -1111 -1.524 1124 311
Busé 2.052 1.504 119.6 0.6
Busé 12.660  95.208 01 [} o 0.196 0.098 Bus3 -2.017 -1.474 119.6 0.7
Bus7 0561 0.458 510 903
Bus26 0859 0917 602 684
Bus7 12.660  94.905 01 o o 0.196 0.098 Bust -0.960 0.454 510 0.4
Bus8 0.764 0355 405 %07
Buz8 12 660 93.757 -02 o 1] 0.059 0.020 BusT -0.755 -0349 405 908
Bus® 0697 0330 375 S04
Bus% 12.660 93.118 -0.3 ] 1] 0.058 0.019 Bus8 -0.692 -0.327 375 504
Busl0 0634 0307 345 900
Busl0 12 660 92524 -03 o 1] 0.044 0029 Busd -0.830 -0.305 345 900
Busl0 0.634 0307 345 oS00
Busl0 12660 923524 -03 0.044 0.029 Bus® -0.630 -0.303 345 oS00
Busll 0.586 0.276 318 903
Busll 12660 92434 -03 0.038 0.034 Busl0 -0.586 -0.273 318 903
Busl2 0.528 0.241 86 909
Busl2 12660 92280 03 0.058 0.034 Busll -0.527 -0.241 86 509
Busl3 0.468 0207 53 913
Busl3 12660 91654 -04 0.116 0.077 Busll -0.466 -0.203 253 9l5
Busl4 0342 0.127 185 939
Busl4 12660 91463 05 0.058 0.010 Busl3 -0.348 0127 185 %40
Busl3 0.291 0117 156 9238
Busls 12660 91304 03 0.038 0.019 Busl4 -0.290 0117 156 9238
Buslé 0.232 0.097 126 922
Buslé 12660 91149 -06 0.038 0.019 Busls -0.232 -0.087 126 923
Busl7 0.174 0.078 935 513
Busl? 12660 80504 06 0.087 0.039 Buslé -0.174 0077 95 514
Busl$ 0.087 0.039 48 514
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Svstem Harmonics Bus Information

Eu Voltage Distortion
EV Fund. EMS ASTM THD TIF TIHD TSHD THDG THDS

s % i) %o % %a i) Sa
Busl 12.660 100.00 100.00 100.00 0 0.42 0.00 0.00 0.00 0.00
Bus2 12,660 9972 99.72 99.72 0 0.42 0.00 0.00 0.00 0.00
Bus3 12,660 9838 98.38 9838 0.01 0.42 0.00 0.00 0.00 0.00
Bus4 12,660 97.68 97.68 97.68 0 0.42 0.00 0.00 0.00 0.00
Buss 12,660 96.97 96.97 96.97 0 0.42 0.00 0.00 0.00 0.00
Busé 12,660 9521 95.21 9521 0 0.42 0.00 0.00 0.00 0.00
Bus7 12,660 94.90 94.90 9490 0 0.42 0.00 0.00 0.00 0.00
Bus8 12,660 93.76 93.76 9378 0 0.42 0.00 0.00 0.00 0.00
Bus® 12,660 9312 93.12 9312 0 0.42 0.00 0.00 0.00 0.00
Busl0 12,660 9252 92.52 9252 0.01 0.42 0.00 0.00 0.00 0.00
Busll 12,660 9243 9243 9243 0.01 0.42 0.00 0.00 0.00 0.00
Busl2 12,660 9228 92.28 9228 0.01 0.42 0.00 0.00 0.00 0.00
Busl3 12,660 9165 91.65 9165 0 0.42 0.00 0.00 0.00 0.00
Busl4 12.660 9146 91.46 9145 0 0.42 0.00 0.00 0.00 0.00
Busl5 12,660 9130 91.30 9130 0.02 0.42 0.00 0.00 0.00 0.00
Busl6 12.660 9115 9115 9115 0.02 0.42 0.00 0.00 0.00 0.00
Busl? 12,660 90.90 90.90 90.90 0.01 0.42 0.00 0.00 0.00 0.00
Busl§ 12.660 50.54 90.84 5084 0 0.42 0.00 0.00 0.00 0.00
Busl9 12,660 99.66 99.66 99.65 0 0.42 0.00 0.00 0.00 0.00
bus20 12.660 9930 99.30 930 0 0.42 0.00 0.00 0.00 0.00
Bus2l 12.660 9922 99.22 5922 0.01 0.42 0.00 0.00 0.00 0.00
Bus22 12.660 99.16 99.16 5916 0.01 0.42 0.00 0.00 0.00 0.00
Bus23 12.660 S98.04 98.04 58.04 0.02 0.42 0.00 0.00 0.00 0.00
Bus24 12.660 97.67 97.67 9767 0 0.42 0.00 0.00 0.00 0.00

Bu:24 12.660 9767 9747 9767 0 042 0.00 0.00 0.00 0.00

Bus2§ 12.660 ¥1.62 9762 9762 00l 042 000 0.00 0.00 0.00

Bus2é 12.660 9508 9503 850 002 042 000 0.00 0.00 0.00

Bus27 12.660 5450 9480 5480 0 042 0.00 0.00 0.00 0.00

Bus28 12.660 9.5 9375 9373 00l 042 000 0.00 0.00 0.00

Bus29 12.660 93.03 93.05 9303 001 042 0.00 0.00 0.00 0.00

Bus30 12.660 9288 9288 G288 00l 042 000 0.00 0.00 0.00

Bus31 12.660 9262 9262 9262 0 042 0.00 0.00 0.00 0.00

Bus32 12660 9260 9260 9260 0 042 000 0.00 0.00 0.00

Bus33 12.660 9260 92.60 9260 0 042 0.00 0.00 0.00 0.00

* IndicatesTHD (Total Harmonie Distortion) Exceeds the Limit.
# Indicates IHD (Indrvidual Harmome Drstortion) Exceads the Limmt.
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Appendix F

All figure harmonic report when 12.66kVat upstream & 1
rectifier

Svstem Harmonics Branch Information

Bus Current Distortion
From Bus ID ToBuw D Fund. EMs ASUM THD TIF IT J4)-] Iz THD T:HD THDG ~ THDS
Amp Amp Amp % Amp Amp Amp % % % %

Busl Bus2 20017 20017 20033 004 on 14475 14475 0.00 0.00 0.00 004 0.04
Busl Busl 0017 20017 20033 004 on 14475 14473 0.00 0.00 0.00 004 0.04
Bus3 162 17762 17776 004 0 12659 12699 0.00 0.00 0.00 004 0.04
Bus19 1823 1823 1825 003 0.80 1451 1431 0.00 0.00 0.00 0.05 0.03
Busd Bus2 17762 17762 17776 004 0 12659 12699 0.00 0.00 0.00 0.04 0.04
Busd 12551 12531 12360 004 068 3653 8695 0.00 0.00 0.00 004 0.04
Bus23 4600 4600 4604 005 0 a7 3587 0.00 0.00 0.00 0.05 0.03
Busd Bus3 12551 12551 12560 004 0.69 3653 8695 0.00 0.00 0.00 0.04 0.04
Bus3 1244 1214 1M 004 0.68 63 8463 0.00 0.00 0.00 004 0.04
Bus$ Busd 124 1214 11 004 069 63 8463 0.00 0.00 0.00 0.04 0.04
Busé 11964 11964 11973 004 068 8241 8241 0.00 0.00 0.00 004 0.04
Bus6 Bus3 11964 11964 11973 004 0.68 241 8241 0.00 0.00 0.00 004 0.04
Bus7 5100 5100 Sl 04 on 3682 3682 0.00 0.00 0.00 004 0.04
Bus26 6021 60.21 6025 003 064 3873 3875 0.00 0.00 0.00 0.03 0.03
Bus7 Busé 5100 5100 Slp4 04 on 3682 3682 0.00 0.00 0.00 004 0.04
Busd 4047 4047 4031 004 on 209 2909 0.00 0.00 0.00 004 0.04
Bus8 Bus7 4047 4047 4051 004 on 2908 2909 0.00 0.00 0.00 004 0.04
Busd 4 3749 3752 004 on 2683 2685 0.00 0.00 0.00 004 0.04
Busd Busd 4 749 3752 004 on 2683 2685 0.00 0.00 0.00 004 0.04
Busl0 4350 430 45 004 01 462 462 0.00 0.00 0.00 0.04 0.04
Busl0 Busd 3430 3430 345 004 0 U2 2482 0.00 0.00 0.00 004 0.04
Busll ilH il s 04 on nu nH 0.00 0.00 0.00 0.04 0.04
Busll Busl0 3194 3194 1% 004 on 084 2284 0.00 0.00 0.00 0.04 0.04
o1 20 £2 0 £ 0 £z Ans AT ancn anzn ann ann ann ana ani
Busl0 Busd 450 M3 MHB M 0 2462 2462 0.00 0.00 0.00 0.04 004
Busll 1 3% 1% 04 072 084 108 0.00 0.00 0.00 0.04 004
Busll Busl0 3184 3184 315 004 0m 184 nHM 0.00 0.00 0.00 004 004
Bus12 863 186 286 004 0m 2050 2050 0.00 0.00 0.00 0.04 004
Busl2 Busll 863 186 2865 004 0 2030 20.50 0.00 0.00 0.00 0.4 004
Busl3 B3 B3 BB M 0 18.16 1316 0.00 0.00 0.00 0.4 004
Busl3 Bus12 33 B3 BB M 072 1816 1816 0.00 0.00 0.00 0.04 004
Busl4 1831 1831 1832 0 073 1344 JEE 0.00 0.00 0.00 0.4 004
Busl4 Busl3 1831 1831 1852 04 07 1344 134 0.00 0.00 0.00 0.04 004
Busl3 1563 1563 1565 0M4 0m 1127 17 0.00 0.00 0.00 0.04 004
Busls Busl4 15.63 1563 1565 00 0 1127 nn 0.00 0.00 0.00 0.4 004
Busl6 125 1259 1260 0 0m S04 oM 0.00 0.00 0.00 004 004
Busl6 Busl3 1238 123 1260 04 0 a4 oM 0.00 0.00 0.00 0.4 004
Busl? 94 954 855 1M 07 682 682 0.00 0.00 0.00 0.04 004
Busl7 Bus16 94 954 855 M 0 652 682 0.00 0.00 0.00 0.04 004
Bus1§ 47 4am 478 004 07 34l 34l 0.00 0.00 0.00 0.04 004
Busl8 Busl? 4m 4m 47 M 0 341 34 0.00 0.00 0.00 004 004

Busl? Bus2 1823 1823 1815 003 080 1451 1431 0.00 0.00 0.00 0.03 0.03
bus20 1373 373 1374 00 078 10.39 1089 0.00 0.00 0.00 0.03 003

bus20 Busl9 1373 1373 1374 00 078 10.8% 1089 0.00 0.00 0.00 0.03 003

Bus2l 2 82 823 005 078 728 128 0.00 0.00 0.00 0.03 003



Bus Current Distortion
From Bus ID To Bus ID Fund RMS ASUM THD TIF T ITe ITx TIHD TSHD THDVG THDS
Amp Amp Amp b} Amp Amp Amp % % e
Bus2l bus20) 922 912 923 0.05 0.719 728 128 0.00 000 0.00 0.05 0.05
Bus22 472 472 472 0.05 0.78 368 368 0.00 000 0.00 0.05 0.05
Bus22 Busll 472 472 472 0.05 0.78 3.68 368 0.00 000 0.00 0.05 0.05
Bus23 Bus3 46.00 46.00 4804 0.05 0.78 3587 3587 0.00 000 0.00 0.05 0.05
Bus24 453 1453 2455 0.05 0.78 1911 19.11 0.00 000 0.00 0.05 0.05
Bus24 Bus23d 453 1453 2455 0.05 0.78 19.11 19.11 0.00 000 0.00 0.05 0.05
Bus2s in 3.01 301 0.05 0.719 237 237 0.00 000 0.00 0.05 0.05
Bus2§ Bus24 k10 3.01 301 0.05 0.79 237 237 0.00 000 0.00 0.05 0.05
Bus26 Busé 6021 6021 60.25 0.03 0.64 3875 3875 0.00 000 0.00 0.03 0.03
Bus27 5743 5743 5747 0.03 0.64 36.60 36.60 0.00 000 0.00 0.03 0.03
Bus27 Bus26 5743 5743 5747 0.03 0.64 36.60 36.60 0.00 000 0.00 0.03 0.03
Bus2§ 5487 5487 54.90 0.03 0.63 3454 3454 0.00 000 0.00 0.03 0.03
Bus28 Bus27 487 5487 54.90 0.03 0.63 454 3454 0.00 000 0.00 0.03 0.03
Bus2¥ 48.70 48.70 4873 0.03 0.62 30.03 3003 0.00 000 0.00 0.03 0.03
Bus29 Bus28 4870 48.70 4873 0.03 0.62 30.03 30.03 0.00 000 0.00 0.03 0.03
Busil 145 1245 2247 0.04 0.73 16.30 1630 0.00 000 0.00 0.04 0.04
Bus30 Bus29 45 145 2247 0.04 0.73 16.30 16.30 0.00 000 0.00 0.04 0.04
Bus3l 1455 1455 1456 0.04 0mn 10.52 1052 0.00 000 0.00 0.04 0.04
Bus3l Busil 1455 14353 1436 0.04 0mn 10.52 1052 0.00 000 0.00 0.04 0.04
Bus32 345 343 3435 0.04 0.70 241 241 0.00 000 0.00 0.04 0.04
Bus32 Bus3l 345 345 345 0.04 0.70 241 241 0.00 000 0.00 0.04 0.04
Bus33 0 0 0 ] 1] 0.00 241 0.00 000 0.00 0.00 0.00
Bus33 Bus32 0 0 0 ] ] 0.00 241 0.00 000 0.00 0.00 0.00
Bus Tabulation
Harmonic Voltazes (% of Fundamental Voltage )
Bu:I:  Bu:l
Fund. kV: 12,660
Order  Freq. Mag.  Order  Freq. Mag,  Order  Freq. Mag.  Order  Freq. Mag.  Order  Freq Mag.  Order  Freq Mag.
Hz % Hz % H % H U Hz L] Hz %
2000 25000 0.03 T 35000 005 1L00 55000 003 1300 630.00 003
Bu: I Busll
Fund EV: 11713
Order  Freq. Maz.  Order  Freq. Mag.  Order  Freg Mag.  Order  Freq. Mazg.  Order  Freg Mag.  Order  Freg Mag,
Hz % Hz % H % H U Hz L] Hz %
200 25000 0.03 T 35000 005 100 55000 003 1300  630.00 00
Bu: I Busll
Fund kV: 11702
Order  Freq. Maz.  Order  Freq. Mag.  Order  Freg Mag.  Order  Freq. Mazg.  Order  Freg Mag.  Order  Freg Mag,
Hz b Hz % He % Hz L] Hz b Hz %
5000 25000 0.03 T 35000 003 1L00 530,00 003 1300 630.00 0.0
Bu: I Busll
Fund kV: 11683
Order  Freq. Maz.  Order  Freq. Mag.  Order  Freg Mag.  Order  Freq. Mazg.  Order  Freg Mag.  Order  Freg Mag,
Hz L] Hz % He % Hz % Hz L] Hz %
2000 25000 0.03 T 35000 005 1L00 55000 003 1300 630.00 00
Bu: Il Busld
Fund EV: 11603
Order  Freq. Maz.  Order  Freq. Mag.  Order  Freg Mag.  Order  Freq. Mazg.  Order  Freg Mag.  Order  Freg Mag,
Hz % Hz % H % H U Hz L] Hz %

200 25000 0.03 T 35000 005 100 55000 003 1300  630.00 0.02

Bu:I:  Busl4
Fund EV:  1L5TS
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Order  Freq Mag.  Order  Freq. Maz.  Order  Freq Mag.  Order  Freq Mag.  Order  Freq Mag.  Order  Freq Mag.
Hz % Hz % He % He % Hez % Hez %
00 25000 0.03 700 35000 0.03 wea 535000 0.03 1300 65000 0.02
BuzID:  Buzl4
11579
Order  Fregq Mag.  Order  Freq. Mag.  Order  Fregq Mag.  Order  Freq Mag.  Order  Freq Mag.  Order  Freq Mag.
Hz % Hz % He % He % Hez % Hez %
500 250.00 0.03 700 35000 0.03 100 55000 0.03 1300 650.00 0.02
BuzID:  Bu:ls
Fund. EV: 11539
Order  Fregq Mag.  Order  Freq. Mag.  Order  Fregq Mag.  Order  Freq Mag.  Order  Freq Mag.  Order  Freq Mag.
Hz % Hz % Hz % Hz % Hz %% Hz ki)
500 25000 0.03 700 35000 0.03 100 55000 0.03 1300 650.00 0.02
Bu: ID: Buzl§
Fund. EV: 11539
Order  Fregq Mag.  Order  Freq. Mag.  Order  Fregq Mag.  Order  Freq Mag.  Order  Freq Mag.  Order  Freq Mag.
Hz % Hz % Hz % Hz % Hz %% Hz ki)
500 25000 0.03 700 35000 0.03 100 55000 0.03 1300 650.00 0.02
Bu: ID: Buz17
Fund. EV: 11508
Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Freq, Mag. Order Freq, Mag.
Hz % Hz % Hz % Hz % Hz %% Hz ki)
00 25000 0.03 700 35000 0.03 wea 535000 0.03 1300 65000 0.02
Bus Tabulation
Harmonpic Voltazes (% of Fund 1 Voltage )
Bu:ID:  Bu:l8
Fund. kV: 11501
Order  Freq Mag.  Order  Freq. Mag.  Order  Freg Mag.  Order  Freg. Mag.  Order  Freq Mag.  Order  Freq Mag.
Hz % Hz % Hz % Hz % Hz % Hz %
500 250.00 0.03 700 35000 0.03 a0 550.00 0.03 1300 650.00 0.0
BusID:  Busl9
Fund. EV: 11617
Order  Fregq. Mag  Order  Freq. Mag.  Order  Fregq Mag.  Order  Freg Mag.  Order  Freq Mag.  Order  Freq Mag.
Hr % Hz % He % Yz % Hz % Hz %
£00 25000 0.03 700 35000 0.03 Lea  550.00 0.03 1300 650,00 0.03
Bu:ID:  Bu:l
Fund. KV: 12.624
Order  Freq Maz.  Order  Freq. Maz.  Order  Freg Mag.  Order  Freq Mag.  Order  Freq Mag.  Order  Freq Mag.
Hz % Hz % Hz % Hz % Hz % Hz %
500 250.00 0.03 700 35000 0.03 L0 550.00 0.03 1300 650.00 0.03
BusID:  bus20
Fund. kV: 12,571
Order  Freq. Mag  Order  Freq. Mag.  Order  Fregq Mag.  Order  Freg Mag.  Order  Freq Mag.  Order  Freq Mag.
Hz % Hz % Hz % Hz % Hz % Hz %
500 250.00 0.03 700 35000 0.03 00 550.00 0.03 1300 650.00 0.03
BusID:  Busll
Fund. Vi 11362
Order  Fregq. Mag  Order  Freq. Mag.  Order  Fregq Mag.  Order  Freg Mag.  Order  Freq Mag.  Order  Freq Mag.
Hr % Hz % He % Hz % Hz % Hz %
£.00 250.00 0.03 7.00 350,00 0.03 1L.00 550,00 0.03 13.00 630.00 0.03
Bu:ID:  Bu:2l
Fund. kKV: 12553
Order  Freq Maz.  Order  Freq. Maz.  Order  Freg Mag.  Order  Freq Mag.  Order  Freq Magz.  Order  Freq Mag.
. 0s . 0 . 0 ) 0 . 0s N oz
Bu:ID:  Bu:22
Fund. kV: 11553
Order  Freq Mag.  Order  Freq. Mag  Order  Freq Mag.  Order  Freg Mag.  Order  Freq Mag.  Order  Freq Mag.
Hz % Hz % Hz % Hz % Hz % Hz %
5.00 250.00 0.03 T.00 350.00 0.03 1L00 550.00 0.03 1300 630.00 0.03
Bu:ID:  Bu:23
Fund. EV: 11412
Order  Freq Mag.  Order  Freq. Mag  Order  Freq Mag.  Order  Freg Mag.  Order  Freq Mag.  Order  Freq Mag.
Hz % Hz % Hz % Hz % Hz % Hz bl ]
5.00 250.00 0.03 T.00 350.00 0.03 1L00 550.00 0.03 1300 630.00 0.03
Bus: ID: Busl4
Fund. KV: 11.364
Order  Freq Mag.  Order  Freq. Mag  Order  Freq Mag.  Order  Freg Mag.  Order  Freg Mag.  Order  Freg Mag.
Hz % Hz % Hz % Hz % Hz % Hz bl ]
5.00 250.00 0.03 T.00 350.00 0.03 1L00 550.00 0.03 1300 630.00 0.03
Bu: I: Busls
Fund. KV 12.359
Order  Freq. Mag,  Order  Freq. Maz.  Order  Freg Maz.  Order  Freg Maz.  Order  Freg Mag.  Order  Freg Mag.
Hz %o Hz %o Hz %o Hz %o Hz % Hz ]
5.00 250.00 0.03 T.00 350.00 0.03 1L00 550.00 0.03 13.00 630.00 003
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Harmonic Veltages (% of Fundamental Voltage )
Bu: ID: Bus26
Fund. KV 11031
Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Freq, Mag.
Hz % Hr % Hz Vi Hz % Hz % Hz i ]
500 250.00 0.03 7.00 350.00 0.03 1100 550.00 0.03 13.00 630.00 0.03
Bus:ID:  Busl7
Fund. KV 12001
Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Freq, Mag.
He % He % Hz % Hr ki) Hz % Hz %
500 250.00 0.03 7.00 350.00 003 1100 550.00 0.03 13.00 650.00 0.03
BusID:  Busl§
Fund. kV: 11.869
Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Freq, Mag.
Hz % He % Hz % Hz ki) Hz % Hz %
00 250.00 0.03 7.00 350.00 003 100 550.00 0.03 13.00 630.00 0.03
Bu:ID:  Busl?
Fund. EV: 11781
Order Freq. Mag Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Freq. Mag.
Hz % He % Hz % Hz % Hz % Hz %
00 250.00 0.03 7.00 350.00 003 100 550.00 0.03 13.00 630.00 0.03
Bu:ID:  Busd
Fund. EV: 12455
Order Freq. Mag Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Freq. Mag.
Hz % Hz % Hz % Hz L) Hz % Hz %
.00 250.00 0.03 7.00 350.00 0.03 100 550.00 0.03 13.00 650.00 0.03
Bu: ID: Buz30
Fund. EV: 11758
Order  Freq. Maz.  Order  Freq Mag.  Order  Freq. Mag.  Order  Freq. Mag.  Order  Freq Mag.  Order  Freq Mag.
Hz % Hz % Hz Yo Hz % Hz % Hz %
£00 250.00 0.03 T.00 350.00 0.03 11.00 550.00 0.03 13.00 630.00 0.03
Bus: It Buz3
Fund. EV: 11738
Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Freq. Alag. Order Freq. Mag. Order Freq. Mag.
Hz k) Hz % Hz % Hz ki) Hz k) Hz bl
£.00 250,00 0.03 7.00 350.00 003 100 550.00 0.03 13.00 650.00 0.03
Bu: ID: Bus3l
Fund. KV: 11715
Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Fregq. Mag.
Hz % Hz % Hz % Hz % Hz % Hz i)
.00 250.00 0.03 7.00 350.00 003 1100 550.00 0.03 13.00 650.00 0.03
Bus ID: Bus31
Fund. kV: 11713
Order Freq. Mag. Order Freq. Mag. Order Freg. Mag. Order Freq. Mag. Order Freq. Mlag. Order Freq. Mag.
Hz Y Hz % Hz % Hz % Hz Y Hz U
£.00 250,00 0.03 7.00 350.00 003 1100 550.00 0.03 13.00 650.00 0.03
Bus: It Busd3
Fund. EV: 11713
Order Freq. Mag. Order Freq. Mag. Order Freg. Mag. Order Freq. Mag. Order Freq. Mag. Order Freq. Mag.
Hz % Hz % Hz % Hz % Hz % Hz )
£.00 250,00 0.03 7.00 350.00 003 1100 550.00 0.03 13.00 650.00 0.03
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Appendix G

load flow report when put 12.66kV at upstream and two
rectifiers

LOAD FLOW REPORT

Bus Voltage Generation Load Load Flow XFMR
EV %oMaz  Ang MW Mvar MW Myvar MW Myar Amp %PF Yalap
*Busl 12660 100,000 00 4541 2817 0.440 0271 Bus2 4101 21546 2201 850
Bus 12660  99.688 0.0 0 0 0.0%0 0.040 Busl 4083 -2.539 220.1 849
Bus3 3638 2319 1976 842
Busl® 0.360 0.171 181 504
Bus3 12660  98.200 01 0 0 0119 0.079 Bus2 -3.380 -2.299 1976 841
Busd 2564 1793 1454 819
Bus23 0.896 0424 46.0 S04
Bus4 12660 97391 02 0 0 0.059 0.030 Bus3 -2.541 -1.784 1454 819
Bus3 2482 1.754 1423 817
Bus3 12660 96567 0.2 0 0 0.059 0.020 Busd -1.45% -1.742 1423 816
Busé 2.400 1722 1385 812
Busé 12660 84511 0.1 0 0 0.536 0.30% Busi <1352 -1.681 139.5 814
Bus7 0.959 0.457 513 903
Bus26 0.857 03815 60.5 684
Bus7 12660 94.206 01 0 0 0.195 0.098 Busb -0.957 0452 513 S04
Bus8 0.762 0.355 407 %07
Busi 12660  93.053 02 [i} [i} 0.038 0.019 Bus7 -0.733 0345 40.7 908
Bus9 0.695 0329 37T 904
Bus% 12660 92410 03 0 0 0.058 0.019 Bus8 -0.691 -0.328 77 S04
Busl0 0.632 0.307 47 500
Busl0 12660 91812 03 [i} [i} 0.044 0.029 Busd -0.629 -0.304 347 %00
Busl0 12660 91812 03 0 0 004 0.02% Busd 2628 0304 LN ]
Bu:ll 0.385 0275 1 9035
Busll 12660 9172 03 0 0 0.058 0.0 Buwsl0 0384 0275 21 903
Bu:l2 0.326 041 8 909
Busl2 12660 91568 03 0 0 0.058 0.0 Buwsll 035 DM B8 909
Bu:13 0467 0.207 54 913
Busl3 12660 90938 04 0 0 0116 0077 Busl2 484 004 54 913
Busl4 0348 0127 186 939
Busl4 12660 90746 03 0 0 0.058 0.010 Busl3 438 012 186 %40
Bus13 0.50 0.117 157 928
Busls 12660 9038 03 0 0 0.058 0.01%9 Buwsld 20 D16 157 928
Bu:16 0.32 0.097 127 9
Buslé 12660 90431 06 0 0 0.058 0.01% Busls 481 007 127 923
Busl? 0174 0.7 96 813
Busl? 12660 90184 07 0 0 0.087 0.03% Buwlé 2175 0407 86 914
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Appendix H

All figure harmonic report when 12.66kV at upstream & two
rectifiers

Svstem Harmonics Bus Information

Bus Voltage Distortion
D kv Fund, RAS ASTM THD TIF TIHD TSHD THDG THDS
% % % % % % % %
Busl 12660 100.00 100.00 100.21 010 14 0.00 0.00 0.10 010
Bus2 12660 99.69 99.69 95.94 013 171 0.00 0.00 013 013
Bus3 12,660 9820 9820 %870 026 330 0.00 0.00 0.26 026
Buz4 12660 913 bk 93.08 036 44 0.00 0.00 0.36 036
Bus$ 12660 96.57 96.57 9748 046 385 0.00 0.00 046 046
Bust 12660 9431 943l 86.10 084 10.70 0.00 0.00 0.8 034
Bus? 12660 921 9 9578 084 1063 0.00 0.00 0.8 054
Busg 12660 93.03 93.06 5460 083 1054 0.00 0.00 083 083
Busd 12,660 9241 9241 9393 083 1030 0.00 0.00 0.83 083
Busl0 12660 9181 98 9334 083 1048 0.00 0.00 0.8 0.53
Busll 12660 n Im 9323 083 1048 0.00 0.00 0.8 0.53
Bus12 12,660 9157 9.5 9309 083 104 0.00 0.00 0.83 083
Busl3 12660 5094 9054 8243 083 104 0.00 0.00 0.8 0.83
Busl4 12660 9075 90.75 5226 083 1046 0.00 0.00 083 033
Bus13 12660 9059 9059 5209 083 1046 0.00 0.00 083 083
Buslf 12660 5043 04 9194 083 1046 0.00 0.00 0.8 0.53
Busl? 12660 9018 9019 5169 083 1046 0.00 0.00 0.8 0.53
Bus1§ 12660 9013 90.13 9163 083 1046 0.00 0.00 083 083
Bus19 12,660 99.63 99.63 99.89 013 171 0.00 0.00 013 013
bus20) 12660 917 %17 9931 013 170 0.00 0.00 0.13 013
Bus2] 12660 5920 95.20 5945 013 170 0.00 0.00 013 013
Bus22 12660 913 %13 9938 013 L7 0.00 .00 0.13 013
Bus23 12660 9756 9786 9336 026 330 0.00 0.00 0.26 016
Bus2] 12,660 9.0 9.20 9945 013 170 0.00 0.00 0.13 0.13
Bu:12 12660 %13 %.13 5938 013 170 0.00 0.00 0.13 0.3
Bul3 12,660 9786 9786 98.36 026 330 0.00 0.00 0.26 0.6
Bul4 12,660 9749 9749 5799 026 330 0.00 0.00 0.26 0.6
Bu:23 12.660 74 914 9794 026 330 0.00 0.00 0.26 026
Bu:26 12,660 9433 934 9392 084 10.70 0.00 0.00 0.84 08
Bu:27 12660 9410 9410 5568 084 1068 0.00 000 084 084
Bu:28 12.660 9305 93.05 3461 084 1067 0.00 000 084 084
Buld 12,660 903 9235 9350 084 10.67 0.00 000 084 084
Bu:30 12660 0 LAY LA 084 1067 0.00 000 084 084
Bus3] 12,660 9191 9191 9345 084 1067 0.00 0.00 084 0.8
Bu:3l 12,660 91.89 9189 9343 084 1067 0.00 000 084 0.8
Bu:33 12660 9189 9189 5343 084 1067 0.00 000 084 084

¥ IndicatesTHD (Total Hamonic Distortion) Exceeds the Limit.
# Indicates [HD (Tndividua] Hamonic Distortion) Exceeds the Linut
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Bus Current Dj
From Bus ID ToBusID TIF T ITe Juk:3 THD TSHD THDG THDS
Amp Amp Amp % % % %
Busl Bus2 22014 22019 22928 223 17.36 382152 382132 0.00 0.00 0.00 223 123
Bus2 Busl 220.14 22019 22928 223 17.36 382152 3821.52 0.00 0.00 0.00 223 223
Bus3 19758 19764 20672 249 1933 382122 38112 0.00 0.00 0.00 248 249
Busl9 18.23 1823 1827 011 156 2847 2847 0.00 0.00 0.00 011 011
Bus3 Bus2 19758 19764 20672 249 1933 382122 38112 0.00 0.00 0.00 248 249
Bus4 14538 14546 154.57 340 2641 384163 3841.63 0.00 0.00 0.00 340 340
Bus23 46.05 4605 4625 022 290 13344 13344 0.00 0.00 0.00 022 022
Busd Bus3 14538 14546 154.57 340 2641 384163 3841.63 0.00 0.00 0.00 340 340
Bus3 14231 14239 151.50 348 26.99 343 384343 0.00 0.00 0.00 348 348
Bus3 Bus4 14231 14239 151.50 348 26.99 4343 384343 0.00 0.00 0.00 348 348
Busé 139.45 139.58 148.69 35 2755 3845.76 3845.76 0.00 0.00 0.00 355 353
Busé Bus3 139.49 139.58 148.69 355 2755 3845.76 3845.76 0.00 0.00 0.00 355 355
BusT 1.26 5126 51.93 0.66 B.26 42342 0.00 0.00 0.00 0.66 0.66
Bus26 60.50 60.51 6112 0.51 644 38946 0.00 0.00 0.00 051 0.51
Bus7 Busé 1.26 5126 51.93 0.66 B.26 42342 0.00 0.00 0.00 0.66 0.66
Busg 40.68 40.68 4121 0.65 815 3331 0.00 0.00 0.00 0.65 0.65
Busi BusT 4068 4068 4121 0.65 818 3331 0.00 0.00 0.00 065 065
Bus® 37.69 3769 3817 0.65 813 306.49 0.00 0.00 0.00 0.65 0.65
Bus? Bus§ 37.69 3769 3817 0.65 813 30645 0.00 0.00 0.00 065 065
Busl0 34.68 3468 3512 0.64 808 280.05 0.00 0.00 0.00 0.64 0.64
Busl0 Bus% 3468 3468 3512 064 808 28005 0.00 0.00 0.00 064 064
Busll 3210 210 3252 0.65 21 260.26 0.00 0.00 0.00 0.65 0.65
Busll Busl0 3210 3210 3252 0.65 811 26026 0.00 0.00 0.00 065 065
Bus10 34.68 3468 3512 0.64 .08 280.05 280.05 0.00 0.00 0.00 0.64 0.64
Busl0 Bus9 34.68 34.68 3512 0.64 .08 280.05 280.05 0.00 0.00 0.00 0.64 0.64
Busll 3210 3210 3252 0.65 811 260.26 26026 0.00 0.00 0.00 0.65 0.65
Busll Busl0 3210 3210 3252 0.65 811 260.26 26026 0.00 0.00 0.00 0.65 0.65
Busl2 2877 2877 915 0.65 813 23354 23394 0.00 0.00 0.00 0.65 0.63
Busl2 Busll 2877 2877 1915 0.63 813 23394 23394 0.00 0.00 0.00 0.63 0.65
Busl3 5.4 2545 2577 0.65 816 207.66 207.66 0.00 0.00 0.00 0.65 0.65
Bus13 Busl2 25.44 2545 2577 0.65 816 207.66 207.66 0.00 0.00 0.00 0.63 0.65
Busl4 18.61 18.61 1885 0.66 B35 155.43 15543 0.00 0.00 0.00 0.66 0.66
Busl4 Busl3 18.61 18.61 1885 0.66 835 155.43 155.43 0.00 0.00 0.00 0.66 0.66
Busls 15.72 1572 1592 0.65 824 129.45 129.45 0.00 0.00 0.00 0.66 0.66
Busls Busl4 1572 1572 1592 0.66 824 129.45 129.45 0.00 0.00 0.00 0.66 0.66
Buslé 12.65 12.65 1282 0.65 818 103.50 103.50 0.00 0.00 0.00 0.65 0.65
Buslé Busls 12.65 1265 1282 0.65 818 103.50 103.50 0.00 0.00 0.00 0.65 0.65
Busl7 9.59 9.59 971 0.64 .09 77.59 771.59 0.00 0.00 0.00 0.64 0.64
Busl? Buslé 5.59 9.59 9.71 0.64 809 77.5% 71.59 0.00 0.00 0.00 0.64 0.64
Busl§ 4.80 4.80 486 0.64 .09 38.78 38.78 0.00 0.00 0.00 0.64 0.64
Buslg Busl7 4.50 4.80 486 0.64 809 38.78 38.78 0.00 0.00 0.00 0.64 0.64
Bus19 Bus2 1823 1823 1827 011 1356 2847 2847 0.00 0.00 0.00 o1 on
bus20 13.73 1373 1376 0.11 1.55 2134 2134 0.00 0.00 0.00 011 0.11
bus20 Busl9 13.73 13.73 13.76 0.11 1.55 2134 2134 0.00 0.00 0.00 011 0.11
Bus2l 922 9.22 925 0.11 154 1424 1424 0.00 0.00 0.00 011 0.11



Bus Current Distortion
From Bus ID ToBus ID Fund. RMS ASUM  THD TF T hus:] TR TIHD TSHD THDG THDS
—fmp  _Amp  Amp % —fmp  fmp  Amp % % J o
Bus2l bus20 2] 922 925 011 154 1424 1424 0.00 0.00 0.00 011 011
Bus22 472 47 473 011 151 7.13 713 0.00 0.00 0.00 011 011
Bus22 Busll 472 472 473 011 131 113 713 0.00 0.00 0.00 011 on
Bus23 Bus3 46.05 46.05 4615 022 290 133.44 13344 0.00 0.00 0.00 022 022
Bus24 2453 2455 2466 022 188 7104 TLO4 0.00 0.00 0.00 022 022
Bus24 Bus23 2455 2455 2466 022 189 7104 TL04 0.00 0.00 0.00 022 022
Bus2S 30l 3.01 303 023 295 8.87 887 0.00 0.00 0.00 023 023
Bus5 BusM4 kX1 3.01 303 023 295 887 887 0.00 0.00 0.00 023 023
Bus26 Buzé 60.50 6051 6112 051 644 385.46 38946 0.00 0.00 0.00 0351 031
Bus27 1M 5171 5829 0.50 627 362.11 36211 0.00 0.00 0.00 050 050
Bus27 Bus26 5112 5172 5829 0.50 6.27 36211 36211 0.00 0.00 0.00 0.50 0.50
Bus2B 5514 5514 5567 048 6.07 33490 33490 0.00 0.00 0.00 048 0.48
Bus28 Bus27 55.14 3514 3567 048 6.07 334.90 33490 0.00 0.00 0.00 048 048
Bus29 4885 4885 49389 0.46 374 280.72 28072 0.00 0.00 0.00 048 048
Bus29 Bus28 4895 4895 4539 0.46 574 280.72 28072 0.00 0.00 0.00 048 046
Bus30 2156 256 21386 0.66 833 18843 188.43 0.00 0.00 0.00 0.66 0.66
Bus30 Bus29 2256 256 2286 0.66 835 18843 188.43 0.00 0.00 0.00 0.66 0.66
Bus3l 1462 1462 1481 0.65 828 121.04 121.04 0.00 0.00 0.00 0.65 0.65
Bus3l Bus30 1482 1462 1481 0.65 528 121.04 12104 0.00 0.00 0.00 0.65 0.65
Bus32 347 347 331 0.61 176 26.92 1692 0.00 0.00 0.00 0.61 061
Bus32 Bus3l 347 347 351 0.61 7.76 26.92 2692 0.00 0.00 0.00 0.61 0.61
Bus33 0 0 0 0 0 0.00 2692 0.00 0.00 0.00 0.00 0.00
Bus33 Bus32 0 0 0 0 0 0.00 2692 0.00 0.00 0.00 0.00 0.00
Bus Tabulation
H ic Voltazes (% of Fund 1 Vol 3
Bu: ID: Busl
Fund. kV: 12660
Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Freq. Mag.
He % Hz % Hz % Hz % Hz % Hz %
£00 250.00 0.05 .00 350.00 0.05 1L.00 550.00 0.05 13.00 650.00 0.05
BusID:  Busl0
Fund. KV 11.623
Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Freq. Mag,
Hz % Hr % Hz % Hz % Hz % Hz %
.00 250.00 044 T.00 350.00 042 1L.00 550.00 041 13.00 650.00 040
Bu: II: Busll
Fund. kV: 11612
Order  Freq. Mag.  Order  Freq. Mag  Order  Freg. Mag.  Order  Freq. Mag.  Order  Freq. Mag.  Order  Freg. Mag.
Hz %o Hz % Hz % Hz % Hz % Hz i)
£00 250.00 044 7.00 350.00 042 1L.00 550.00 041 13.00 650.00 040
Bu: ID: Bu:zll
Fund. kV: 11.592
Order Freq. Magz. Order Freq. Alaz, Order Freg. Mlag. Order Freq. Mag. Order Freq. Alag. Order Freq. Mag.
He % Hz % He % He % Hez % Hz ki)
500 250.00 044 T.00 350.00 042 1L00 550.00 041 13.00 630.00 040
BusID:  Busl3
Fund. kKV: 11.513
Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Freq. Mag.
Hz % Hz % He % He % Hz % Hz %
£00 250.00 044 .00 350.00 043 1L.00 550.00 041 13.00 650.00 040
Bu: It Buz14
Fund. kV: 11485
Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Freq. Mag,



%

%
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%

% Hz % Hz %
500 250.00 044 700 35000 043 100 55000 041 1300 650.00 040
BusID:  Busl4
Fund. kV: 11488
Order  Freq.  Mag.  Order  Freq  Mag  Order  Freq.  Mag.  Order  Freq.  Mag.  Order  Freq  Mag.  Order  Freq  Mag
Hz % Hz % Hz % He % Hz % Hz %
00 25000 044 700 35000 043 1100 53000 041 1300 65000 040
Bu:ID:  Busl§
Fund. kV: 11468
Order  Freq.  Mag.  Order  Freq  Mag.  Order  Freq.  Mag.  Order  Freq.  Mag.  Order  Freq.  Mag.  Order  Freq  Mag
Hz % Hz % He % He % Hz % Hz %
500 230.00 044 700 35000 043 100 55000 041 1300 65000 040
BusID:  Busl6
Fund. kV: 11449
Freq.  Mas.  Order  Freq  Maz.  Order  Freq.  Maz.  Order  Freq.  Mag. Owder  Freq  Mag.  Opder  Freq  Mae
Hz % Hz % He % He % Hz % Hz %
250.00 044 700 35000 043 100 55000 041 1300 650.00 040
BusID:  Busl?
Fund. kV: 11417
Order  Freq.  Mag.  Order  Freq  Mag  Order  Freq.  Mag.  Order  Freq.  Mag.  Order  Freq  Mag.  Order  Freq  Mag
Hz % Hz % Hz % He % Hz % Hz %
500 250.00 044 700 35000 043 100 55000 041 1300 650.00 040
BusID:  Bu:ld
Fund. kV: 11410
Order  Freq  Maz.  Order  Freq.  Mag  Order  Freq.  Mag.  Order  Freq.  Mag  Order  Freq.  Mag  Order  Freq.  Mae
Hz % Hz % Hz % He % Hz % Hz %
500 25000 044 700 350.00 043 1L00 530,00 041 1300 650.00 040
Bu:ID:  Bu:l9
Fund. kV: 12614
Order  Freq  Maz.  Order  Freq.  Mag  Order  Freq.  Mag.  Order  Freq.  Mag.  Order  Freq.  Mag  Order  Freq.  Mag
Hz % Hz Hz % He % Hz % Hz %
£00 25000 007 700 350.00 550.00 006 1300 650.00 0.06
BusID:  Bu:l
Fund. kV: 12621
Order  Freq  Maz  Order  Freq.  Mag  Order  Freq.  Mag.  Order  Freq.  Mag.  Order  Freq.  Mag  Order  Freq.  Mag.
% Hz % Hz % Hz % Hz % Hz %
0.07 T 35000 006  1L00 530,00 006 1300 650.00 0.06
Magz.  Order  Freq.  Mag  Ouder  Freq.  Mag.  Order  Freq.  Mag.  Order  Freq.  Mag.  Order  Freq.  Mag
% Hz % He % He % Hz % Hz %
007 T80 35000 006  1L00  530.00 006 1300 650.00 0.06
Mag.  Order  Freq.  Maz  Order  Freq.  Maz.  Order  Freq.  Magz.  Order  Freq.  Maz.  Order  Freq.  Mas
% Hz % Hz % He % Hz % Hz %
007 o0 35000 006 1L00 530,00 006 1300  650.00 008
Mag.  Order  Freq.  Mag.  Order  Freq.  Mag.  Ovder  Freq.  Mag.  Order  Freq.  Mag.  Order  Freq.  Mag
% Hz Hz % He % Hz % Hz %
500 25000 007 T 35000 550.00 006 1300 650.00 0.06
Bu:ID:  Busl?
Fund. kV:  12.849
Order  Freq. Mag.  Order  Freq. Magz.  Order  Freg Mag.  Order  Freq. Mag.  Order  Freq. Mag.  Order  Freq Mag.
He % Hz % Hz % Hz % Hz % Hz %
500 25000 007 00 35000 006 1100 55000 006 1300 650.00 0.06
Bu:;ID:  Bu:23
Fund. EV: 12,389
Order  Freq. Mag.  Order  Freq. Mag.  Order  Freg Mag.  Order  Freq. Mag.  Order  Freq. Mag,  Order  Freg Mag.
He % Hz % He % He % Hz % Hz %
00 25000 013 7.00 35000 013 1160 53000 013 1300 65000 012
Bu:ID:  Bu:4
Fund EV: 12,342
Order  Freq. Maz.  Order  Freq. Mag.  Order  Freg Mag.  Order  Freq. Maz.  Order  Freq. Mag,  Order  Freq Mag.
He % Hz % He % He % Hz % He %
00 25000 013 7.00 33000 013 1100 53000 013 1300 65000 012
Bu:TD:  Bus2$
Fund kV: 12336
Order  Freq. Mag.  Order  Freq. Mag.  Order  Freg Mag.  Order  Freq. Mag.  Order  Freq. Mag,  Order  Freg Mag.
He % Hz % Hz % Hz % Hz % Hz %
00 25000 013 700 330.00 013 1L00 53000 013 1300  650.00 012
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Bus Tabulation
Harmonic Voltages (% of Fundamental Yoltage )
Bus ID: Bus26
Fund. EV: 11943
Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Freq, Mag.
Hz Vi Hz % Hz Yo Hz % Hz % Hz ki ]
200 250.00 044 .00 350.00 043 1L00 350.00 041 13.00 650.00 041
Bus ID: Bus27
Fuond. EV: 11913
Order  Freq Mag.  Order  Freq.  Mag  Order  Freq.  Mag.  Order  Freq.  Mag.  Order  Freq.  Mag  Order  Freq AMag.
He % Hz % He % Hz % Hz % Hz o
500 250.00 044 .00 350.00 043 1L00 550.00 041 13.00 630.00 04
Bus ID: Busl8
Fund. EV: 11780
Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Freq, Mag.
He k] Hz % He % Hz % Hz % He ki
.00 250.00 044 7.00 350.00 043 1L00 550.00 041 13.00 630.00 040
Bus ID: Busld
Fund. KV: 11681
Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Freq, Mag.
He % Hz % He % Hz % Hz % Hz o
500 250.00 044 7.00 350.00 043 1100 550.00 041 13.00 630.00 040
Bus ID: Bus}
Fund. kV: 12432
Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Mag. Order Freq. Mag. Order Freq, Mag.
He ki) Hz % Hz % % Hz % Hz %
.00 250.00 013 7.00 350.00 013 1L00 550.00 013 13.00 012
Bu: ID: Buzdi
Fund. EV: 11669
Order Freq. Mag. Order Freq. Alag Order Freq. Mag. Order Freq. Alag. Order Freq. Mag. Order Freq. Mag.
Hz % Hz Y Hz % Hz Y Hz ki) Hz hi]
£.00 250,00 0.44 T.00 350.00 043 1Lo00 550.00 041 13.00 630.00 040
Bu: ID: Bu:dl
Fund. kV: 11638
Order Freq. Mag. Order Freq. Mlag Order Freg. Mag. Order Freq. Mlag. Order Freq. Mag. Order Freq. Mag,
Hz % Hz Y Hz % Hz Y Hz ki) Hz hi]
£.00 250,00 0.44 T.00 350.00 043 1Lo00 550.00 041 13.00 630.00 040
Bu: ID: Bu:dl
Fund. kV: 11632
Order Freq. Mag. Order Freq. Mlag Order Freg. Mag. Order Freq. Mlag. Order Freq. Mag. Order Freq. Mag,
Hz % Hz Y Hz % Hz Y Hz ki) Hz hi]
£00 250,00 0.44 T.00 350.00 043 1100 550.00 0.41 13.00 630.00 040
Bu: ID: Bu:=33
Fund. kV: 11632
Order Freq. Mag. Order Freq. Mlag Order Freg. Mag. Order Freq. Mlag. Order Freq. Mag. Order Freq. Mag,
Hz % Hz Y Hz % Hz Y Hz ki) Hz k]
500 250.00 0.44 T.00 350.00 043 1100 550.00 0.41 13.00 650.00 040
Bus Tabulation
Harmonic Voltages (% of Fund 1 Voltage )
Bu: ID: Bus4
Fund. KV: 12,330
Order  Freq. Mag.  Order  Freq Mag.  Order  Freg Mag.  Order  Freqg.  Mag.  Order  Freq. Mag  Order  Freg Mag.
Hz % Hz % Hz % Hz % Hz % Hz %
£.00 250.00 018 T.00 350.00 018 1100 550,00 017 13.00 630.00 017
Order  Freq. Mag.  Order  Freq Mag  Order  Freg. Mag.  Order  Freqg.  Mag.  Order  Freq Mag  Order  Freg Mag.
Hr % Hz % Hz % Hz % Hz % Hz i ]
£.00 250.00 024 7.00 350.00 013 1100 550,00 023 13.00 650.00 022
Bu: ID: Bus6
Fund. KV: 11965
Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Freq. Mag, Order Freq, Mag.
Hz % Hz % Hz % Hz % Hz % Hz %
00 250.00 044 7.00 350.00 043 100 350,00 041 13.00 630.00 04l
Bu: ID: Bu:T
Fund. KV: 11927
Order  Freq. Mag.  Order  Freq Mag  Order  Freg. Mag.  Order  Freqg.  Mag.  Order  Freq Mag  Order  Freg Mag.
Hz % Hz % Hz % Hz % Hz % Hz %
5.00 250.00 04 T.00 350.00 043 1100 550.00 041 13.00 630.00 040
Bu: ID: Bu:§
Fund. KV:  11.780
Order  Freq. Maz.  Order  Freq AMag.  Order  Freq Magz.  Order  Freq.  Mag.  Order  Freq Mag  Order  Freq Mag.
He % Hz % Hz % He % He % Hz ki)
£.00 250,00 044 .00 350.00 043 1100 550,00 041 13.00 650.00 040
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Harmonic Voltages (% of Nominal Voltage )

BusID: Busl
Nom. kV: 12.660
Order Freq. Maz. Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Freq. Mag.
Hz % He Yo Hz % Bz Yo Hz % Hz %
£.00 250.00 0.05 7.00 350.00 0.05 1L00 530.00 0.05 13.00 630.00 0.05
BusID: Busl0
Nom. EV: 12.660
Order Freq. Maz. Order Freq. Mag Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Freq. Mag.
Hz % Hz Vi Hz % Hz Vi Hz % Hz i)
£.00 250.00 0.40 7.00 350.00 0.39 1L00 550.00 0.37 13.00 650.00 0.36
BusID: Busll
Nom. EV: 12,660
Order  Freq. Maz.  Order  Freq Mag.  Order  Freq Mag.  Order  Freq. Mag.  Order  Freq Mag.  Order  Freq Mag,
Hz % He Y Hz % He Y Hz % Hz %
£.00 250.00 040 7.00 350.00 039 1100 550.00 037 13.00 630,00 036
BusID: Busll
Nom. EV: 12.660
Order  Freq. Maz.  Order  Freq Mag  Order  Freq Mag.  Order  Freq. Mag.  Order  Freq. Mag.  Order  Freq Mag.
Hz % Hz Yo Hz % Hz Yo Hz % Hz %
300 250.00 0.40 700 350.00 039 100 550.00 0.37 1300 650.00 0.36
BusID: Busli
Nom. EV: 12.660
Order  Freq. Mag.  Order  Freq Mag.  Order  Freq Mag.  Order  Freq. Mag.  Order  Freq. Mag.  Order  Freq Mag,
Hz % Hz Yo Hz % Hz Yo Hz % Hz %
£.00 250.00 0.40 7.00 350.00 039 1L.00 550.00 0.37 13.00 630.00 038
BusID: Busl4
Nom. EV: 12.660
Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Freq. Mag.
Hz % Ha Yo Hz % Hz Yo Hz % Hz %
o0 snon n4an Tan Asnnn nia N ssnon na7 a0 &SN N
Nom. EV: 11.660
Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Freq. Mag.
Hz % Hz % He % Hz % Hz % Hz 1]
.00 250.00 040 7.00 350.00 039 11.00 550.00 037 13.00 650.00 036
BusID: Busld
Nom. EV: 11.660
Order Freg. Mag. Order Freg. Mag. Ovder Freq. Mag. Order Freq. Mlag. Order Freq. Mlag. Order Freq. Mlag.
Hz % Hz % Hz Y Hz Y Hz % Hz b ]
00 250.00 040 7.00 350.00 039 1100 550.00 037 13.00 650.00 0.36
BusID: Busls
Nom. EV: 11.660
Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Freq. Mag.
Hz % Hz % Hz % Hz % Hz k) Hz b1
.00 250.00 040 7.00 350.00 039 11.00 550.00 037 13.00 650.00 036
BusID: Buslé
Nom. EV: 11.660
Order Freg. Mag. Order Freg. Mag. Order Freq. Mag. Order Freq. Mlag. Order Freq. Mlag. Order Freq. Mlag.
Hz % Hz % Hz % Hz Y Hz Y Hz L1
00 250.00 0.40 7.00 350.00 038 1100 550.00 037 13.00 650.00 036
BusID: Busl7
Nom. EV: 11.660
Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Freq. Mag.
Hz % Hz % Hz % Hz % Hz %@ Hz b1
£00 250.00 039 7.00 350.00 038 1100 550.00 037 13.00 650.00 036
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BusID: Bus4
Nom. EV: 11.660
Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Freg, Maz. Order Freq. Mag,
Hz % Hr % Hz % Hz % Hz % Hz %
.00 250.00 018 T.00 350.00 018 1100 550.00 017 13.00 630.00 017
BusID: Buss
Nom. EV: 11.660
Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Freg. Mag. Order Freq. Mag,
Hz % Hr % Hz % Hz % Hz % Hz %
.00 250.00 023 7.00 350.00 023 1100 350.00 022 1300 650,00 021
BusID: Busé
Nom. EV: 12.660
Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Freg. Mag. Order Freq. Mag,
Hz % Hz % Hz % Hz % Hz % Hz %
.00 350.00 041 7.00 350.00 040 1100 550.00 039 1300 650.00 038
BusID: Bus7
Nom. EV: 12.660
Order Freq. Mag. Order Freq. Mag. Order Freq. Mlag. Order Freq. MAlag. Order Freq. Alag. Order Freq. Alag,
Hz % Hz % Hz % Hz % Hz % Hz %
£.00 250.00 041 7.00 350.00 040 100 550.00 039 1300 650,00 038
BusID: Bus§
Nom. EV: 11.660
Order Freq. Mag. Order Freq. Mag. Order Freq. Mlag. Order Freq. MAlag. Order Freq. Alag. Order Freq. Alag,
Hz % Hz %o Hz %o Hz % Hz % Hz %
£00  250.00 041 700 350.00 040 100 35000 0.38 1300 650,00 0.37
BusID: Bus?
Nom. EV: 11.660
Order Freq. Mag. Order Freq. Mag. Order Freq. Mlag. Order Freq. MAlag. Order Freq. Alag. Order Freq. Alag,
Hz % Hz % Hz % He % Hz % Hz %
£00  250.00 040 700 350.00 039 100 35000 0.38 1300 650,00 0.37
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Appendix |

All this fig harmonic for case two rectifiers without any pulse

Svstem Harmonics Bus Information

Bus Voltage Distortion
jin] kv Fund. RAMS ASTM THD TIF THD TSHD THDG THDS
% % % % % % % %
Busl 12660 100.00 100.00 100.60 017 847 0.00 0.00 0.17 0.17
Bus2 12,660 %9.69 99.69 100.41 i} 10.18 0.00 0.00 0 021
Buzi 12660 98.20 98.20 59.60 041 1935 0.00 0.00 041 041
Busd 12,660 9738 9739 99.30 0.56 2678 0.00 0.00 057 0.57
Busi 12660 96.57 96.57 59.01 073 14 0.00 0.00 0.73 0.73
Bus 12,660 9451 9452 98.88 133 6278 0.00 0.00 133 13
BusT 12,660 94.21 9421 9847 131 60.84 0.00 0.00 131 131
Busd 12,660 93.05 93.06 97115 128 58.06 0.00 0.00 1.28 128
Busd 12,660 241 9142 96.43 126 56.92 0.00 0.00 1.26 1.26
Busl0 12,660 9181 9182 95.78 125 56.13 0.00 0.00 125 125
Busll 12,660 gL72 9173 95.68 125 56.09 0.00 0.00 125 125
Busl2 12,660 9157 9158 95.52 125 56.00 0.00 0.00 125 125
Busl3 12,660 5054 9095 94384 125 55.36 0.00 0.00 125 125
Busl4 12,660 50.75 90.75 9463 14 55.16 0.00 0.00 1.4 14
Busl3 12,660 50.59 90.59 9446 14 55.07 0.00 0.00 1.4 14
Busl 12,660 5043 9044 9429 14 55.01 0.00 0.00 1.4 14
Busl? 12,660 50.18 90.19 9403 14 5454 0.00 0.00 1.4 14
Busl8 12,660 90.13 90.13 9397 14 5485 0.00 0.00 1.24 14
Busl9 12,660 %9.63 99.63 100.36 i} 10.17 0.00 0.00 0 021
bus20 12,660 99.27 99.27 59.99 02 10.14 0.00 0.00 021 021
Bus21 12,660 %.20 99.20 99.92 i} 10.14 0.00 0.00 0 021
Bus22 12660 %9.13 99.13 99.83 011 10.14 0.00 0.00 021 021
Bus23 12,660 97.86 9736 99.25 041 19.50 0.00 0.00 041 041
Raar M 17 &&n o740 a74a are7 nn 10 A& nonn nnn nAl nn
bus20 12.660 927 99.27 9999 021 10.14 0.00 0.00 021 021
Bus2l 12.660 99.20 99.20 9992 021 10.14 0.00 0.00 021 021
Bus22 12.660 913 99.13 9983 021 10.14 0.00 0.00 021 021
Bus23 12.660 97.86 9786 99.25 041 19.50 0.00 0.00 041 041
Bus24 12.660 9749 9749 9387 041 19.46 0.00 0.00 041 041
Bus25 12.660 974 974 98.83 041 19.46 0.00 0.00 041 041
Bus6 12.660 94.33 9434 93.68 133 62.60 0.00 0.00 133 133
Bus27 12.660 8410 5411 9543 133 6237 0.00 0.00 133 13
Bus28 12.660 93.05 93.05 97.29 132 61.34 0.00 0.00 132 132
Bus29 12.660 9235 92335 96.34 131 61.06 0.00 0.00 131 131
Bus30 12.660 9217 9218 96.36 131 61.02 0.00 0.00 131 131
Bus3l 12.660 9191 9182 96.09 131 60.58 0.00 0.00 131 131
Bus32 12.660 9189 91.89 96.06 131 60.58 0.00 0.00 131 131
Bus33 12.660 9189 91.89 96.06 131 60.98 0.00 0.00 131 131

* Indicates THI} (Total Harmomie Distortion) Exceeds the Limat
# Indicates THD (Individual Harmonie Distortion) Exceeds the Limit.
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Bus Current Distortion
From Bus ID ToBus ID Fund. RMS ASUM THD TIF T ji):] IR TIHD TSHD THDG ~ THDS
Ap Ay Amp % Amp Ay Amp % % % %
Busl Bus2 22014 22020 23446 243 4876 1073704 1073148 4547 0.00 000 243 143
Bus2 Bus] 22014 22020 23446 143 4876 1073704 1073148 34547 0.00 000 243 143
Bus3 19758 19765 21189 m M2 107768 1071216 43 0.00 000 271 m
Busld 1823 1823 1835 0.19 9.08 165.48 165.34 6.73 0.00 0.00 019 019
Busd Bus2 19758 19765 21189 m M2 107768 1071216 443 0.00 000 271 17
Busd 14538 14548 15878 EN(] T41T 1078893 1078431 434 0.00 000 370 370
Bus23 46.03 4605 4662 036 1696 T80.77 987 358 0.00 000 036 036
Bud Bus3 4538 4348 1TE AT THLT 1078853 107431 4i44 000 0.00 in 3
Bus5 14231 4241 15671 in 7580 1079518 10789.55 34366 0.00 000 im 378
Bus3 Busd 14231 4241 15671 in 7580 1079518 10789.55 34366 0.00 000 im 378
Busé 13948 13939 15380 386 T138 1080238 10796.74 34396 0.00 000 386 386
Bub Bus3 13045 13039 13380 386 7738 1080238 1079674 34296 000 0.00 356 386
Bus? 5126 5126 5300 098 4580 453 2407 10044 0.00 000 058 058
Busf 6050 6051 6216 079 3662 221603 221351 105.53 0.00 000 079 079
Bus? Busé 3126 5126 5300 098 48 M5 B0 10044 0.00 000 098 058
Bu:g 4068 4068 424 0w 414 1748 1730 T1.95 000 0.00 087 057
Busd Bus7 4068 4068 4204 0w 4414 1748 17305 T1.95 000 0.00 087 057
Bus§ 3768 3769 3884 097 4130 161282 1611.23 TL56 0.00 000 057 097
Busd Bus 3768 3769 3894 097 4130 161282 1611.23 TL.56 0.00 000 057 097
Bus10 468 MEE 0 3R 0% 4146 WM 4090 6327 000 0.00 0.9 0.56
Busl0 Busd 468 MEE 0 381 0% 4146 WM 4080 65.27 000 0.00 0.96 056
Busll 3210 3210 3317 096 4160 1367.65 1366 31 60.59 0.00 000 056 056
Buwsll Busl0 3210 3210 3317 0% 4160 1367.65 136631 60.59 0.00 000 056 056
Bus12 BT M® W 0w 416 1M 1M 438 000 0.00 087 057
Busl0 468 M6E 3582 096 424 147235 147080 65.27 0.00 0.00 096 056
Busl0 Busd 3468 68 3R 0% 46 1MH 0 NN 6527 0.00 0.00 0.96 096
Busll 20 R BT 0% 260 136765 136631 60.39 0.00 0.00 0.96 0.96
Busll Busl0 31100 3210 3BIT 0% 4260 136765 136631 0.58 0.00 0.00 086 056
Busl2 BT BW® BB W 26 128H 127 43 0.00 0.00 087 087
Busl2 Busll BT BW® BB W 26 128H 127 43 0.00 0.00 087 087
Bus13 B4 L4 61l 097 4284 109005 108898 £ 0.00 0.00 087 097
Busl3 Bus12 B4 KB4 6219 097 4284 109005 108898 815 0.00 0.00 087 097
Busl4 1861 1361 1924 099 85 81546 81466 36.03 0.00 0.00 05 099
Bul4 Busl3 1861 1361 1924 059 88 Bl346 1466 36.05 0.00 0.00 0.5 0.9
Busl3 151 15| 16M 0% 810 678.54 678.28 3001 0.00 0.00 098 058
Busl$ Bus14 151 15| 16M 0% 810 678.54 678.28 3001 0.00 0.00 098 058
Buslé 1265 1265 1307 097 258 4168 M5 298 0.00 0.00 087 097
Buslé Busl3 1265 1265 1307 097 258 4168 M5 2398 0.00 0.00 087 087
Busl7 939 959 951 096 4241 406.73 406.33 1797 0.00 0.00 096 056
Busl7 Busl6 939 959 951 096 4241 406.73 406.33 1797 0.00 0.00 096 056
Busl8 480 480 485 0% 238 20331 20311 898 0.00 0.00 0.96 0.96
Busl8 Busl? 480 480 485 0% 238 20331 20311 898 0.00 0.00 0.96 0.96
Bl Bus2 1823 1823 1835 019 9.08 16548 165 34 675 0.00 0.00 019 018
buz20) 1313 BB 18 019 903 12383 12384 506 0.00 0.00 019 01
bus20 Busl® 13m0 1m0 13s 018 9.03 12353 JRER 306 0.00 0.00 019 01%
Bus21 922 L) 918 018 885 8260 8133 337 0.00 0.00 018 018
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Bus Current Distertion
From Bus ID To Bus ID Fund. RMS ASUM THD TIF IT ITB IR TIHD TSHD THDG THDS
Amp Amp Amp % Amp Amp Amp % % % %
Bus21 bus20 922 922 928 018 895 8260 32353 337 0.00 0.00 0.18 018
Bus22 472 472 475 018 875 4128 4126 1.68 0.00 0.00 0.18 018
Bus22 Bus2l 472 472 475 018 573 4129 4126 1.68 0.00 0.00 0.18 018
Bus23 Bus3 46.05 4605 4662 036 16.96 78077 77997 3528 0.00 0.00 036 036
Bus24 2455 2455 24386 036 1692 41550 41508 18.77 0.00 0.00 036 036
Bus24 Bus23 2455 2455 2486 036 16.92 41550 415.08 18.77 0.00 0.00 036 036
Bus25 n 3.01 305 036 17.24 5191 51.86 235 0.00 0.00 036 036
Bus23 Bus24 in 3.01 305 036 17.24 5151 51.86 235 0.00 0.00 036 036
Bus26 Busé 60.50 60.51 6216 079 36.62 221603 221351 105.53 0.00 0.00 078 079
Bus27 5772 5772 5826 077 35.67 2058.65 2056.31 9799 0.00 0.00 077 077
Bus27 Bus26 5772 5772 5826 077 35.67 2058.65 2056.31 9799 0.00 0.00 077 077
Bus28 5514 5514 56.56 075 3450 190231 1900.15 90.52 0.00 0.00 075 075
Bus28 Bus27 5514 5514 36.56 075 3450 190231 1900.15 90.52 0.00 0.00 0.75 0.75
Bus29 4895 4895 5014 070 3253 159229 155048 7573 0.00 0.00 0.70 0.70
Bus29 Bus28 4895 4895 5014 070 3253 159229 155048 7573 0.00 0.00 0.70 0.70
Bus30 2256 2256 2336 105 47.64 1074.81 1073.5% 5115 0.00 0.00 1.03 103
Bus30 Bus29 2256 2256 2336 105 47.64 1074.81 1073.5% 5115 0.00 0.00 1.03 103
Bus31 14.62 1462 1514 102 4720 69025 689.46 3284 0.00 0.00 1.02 102
Bus3l Bus30 14.62 1462 1514 102 4720 690.25 689.46 3184 0.00 0.00 102 102
Bus32 347 i 358 095 M 15339 15321 730 0.00 0.00 095 095
Bus32 Bus31 347 i 358 095 M3 15339 15321 730 0.00 0.00 095 095
Bus33 0 0 L] L] o 0.00 15321 730 0.00 0.00 0.00 0.00
Bus33 Bus32 0 0 L] L] o 0.00 15321 730 0.00 0.00 0.00 0.00
Bu: ID: Bu:l
Fund. EV: 12,660
Order Freq. Mag. Order Freq. Alag. Order Freq. Mlag. Order Freq. Alag. Order Freq. Alag. Order Freq. Mag.
Hz % % Hz ) He % Hz %o Hz %
£.00 250.00 0.05 7.00 350.00 0.08 1L00 55000 0.05 13.00 650.00 0.05 17.00 850,00 0.05 19,00 950,00 0.05
2300 1150.00 0.05 2500 1250.00 0.05 29.00 1450.00 0.05 JLo0 1550.00 0.04 3500 1750.00 0.05 3100 1850.00 0.04
39.00 1950.00 0.00
BusID:  Busl0
Fund. EV: 11622
Order  Freq.  Maz.  Order  Freq.  Magz.  Order  Freq.  Maz.  Order  Freq.  Maz.  Order  Freq.  Maz  Order  Freq  Mag
Hz % 94 Hz i} Hz % Hz % Hz ki)
£.00 250.00 044 T.00 350.00 0435 11.00 55000 041 13.00 630.00 0.3% 17.00 830,00 038 19.00 950,00 033
2300 1150.00 0.36 2500 1250.00 032 29.00 1450.00 033 3Lo0 1550.00 029 3500 1750.00 030 3100 1850.00 0.26
38.00 1950.00 0.03
BusID:  Bu:ll
Fund. EV: 11612
Order  Freq Mag. Order  Freq  Mag.  Order  Freq.  Mag. Order  Freq.  Mag.  Order  Freq. Mag.  Order  Freq. Mag.
Hz % % Hz % Hz % Hz % Hz %
500 250.00 04 7.00 350.00 045 1L.00 550.00 041 13.00 630.00 0.3% 17.00 830,00 038 1800 950,00 035
23.00 1150.00 0.36 25.00 1250.00 032 19.00 1450.00 033 3100 1550.00 028 35.00 1750.00 030 3T.00 1850.00 0.26
39.00 1950.00 0.03
Bu: ID: Busll
Fund. EV: 592
Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. Order Freq, Mag. Order Freq, Mag.
H= % 94 Hz % Hz % Hz % Hz ki
£.00 250.00 044 7.00 350.00 045 11.00 550.00 041 13.00 650.00 039 17.00 850.00 039 19.00 950,00 035
2300 1150.00 0.36 2500 1250.00 032 29.00 1450.00 033 3Lo0 1550.00 0.2 3500 1750.00 030 3100 1850.00 0.26
BusID:  Busld
Fund kV: 11513
Order  Freq. Mag,  Order  Freq Mag.  Order  Freq Mag.  Order  Freq. Mag.  Order  Freg Mag.  Order  Freg Mag,
Hz b Hz b Hz b b Hz b Hz %

00 25000 04 T 35000 043 woe 35000 041 1300 65000 03 1700 83000 03% 1900 93000 033
2300 1150.00 035 2800 125000 032 9000 145000 032 300 1550.00 029 300 175000 02% 3700 1850.00 025
100 1950.00 0.03

BusID:  Bu:zl4
Fund. EV: 11488
Order  Freq. Maz.  Order  Freq Mag.  Order  Fregq Mag.  Order  Fregq Mag.  Order  Freg Mag.  Order  Freg Mag.
Hz b Hz b He b b Hz b Hz %

00 25000 04 700 33000 043 man 55000 041 1300 650.00 03% 1700 83000 038 1800 93000 033

300 115000 035 2500 125000 032 000 145000 031 3000 1530.00 028 3300 173000 029 3700 183000 023
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Appendix J

This Fig scheme of MATLAB
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