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DEVELOPMENT OF PHOTOVOLTAIC ARRAY EMULATOR (PVAE)

ABSTRACT

Photovoltaic (PV) inverter is a device to convert the solar energy into electrical
energy by using solar cells. The PV inverter emits zero COy; hence, it is a
environmental friendly resources. However, the photovoltaic array systems are
inherently dependence on weather changes. Due to this limitation, an emulator call
Photovoltaic Array Emulator (PVAE) is proposed. The main objectives of PVAE are
to perform difference PV energy production system test under many situation
without depending on weather and to perform PV energy production system test
without large system and cost. The supply DC voltage to the inverter to invert it into
AC voltage using PWM method, the PWM signal is generated by triangle wave
compare with the sine wave phase angle based on grid network. After that, controller
is used to control the voltage input of the inverter so that it can produce an output
that is similar to the real PV array output. So, from the result, when the time is
increase, the power from the PVAE system is increase from low power to high
power and come back to low power. A PVAE simulation result is proposed. Besides
that, it is also have to test about the relationship between PV and load at the three
phase system. It is found when the PV is located with the unbalanced load at the
heavy loaded phase in the three phase unbalanced load, it is able to reduce the

voltage unbalance.
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CHAPTER 1

INTRODUCTION

1.1 Overview

The demand of the electric power in Malaysia is keep increasing in the rate of 5.7% per
year. In recent year, oil and gas are the main energy source in Malaysia. However, the
oil reservation is estimated to last for another 19 years and gas reserves another 33 years.
In order to prevent the energy crisis happen in Malaysia, Malaysia government need to

strengthen the role of renewable energy as the fifth cornerstone of energy generation [1].

Photovoltaic is an array of cells containing a solar photovoltaic material that can
converts solar radiation into direct current electricity. It is the method to generate the
electric power by using solar cells to convert the sun light into the electricity. The
process of convert ion will not cause any pollution. As a result, the photovoltaic sole is
increasingly 110% per year by whole world [2]. However, the photovoltaic array
systems are inherently dependence on weather changes. It is not available at night and
less available in cloudy weather condition from conventional photovoltaic technologies.
Typically, the output of any PV module is reduced to 5-20% of its full sun output when
it operation under cloudy condition.

Photovoltaic Array Emulator (PVAE) is the system who able to represent

electrically similar with the PV arrays but without depending on the weather conditions



and capable to emulate PV array systems. That can make a possible to perform
difference PV energy production system test under many situation and without
depending on weather or much more expensive and large systems. Photovoltaic
inverters are required to know the efficiency of their Maximum Power Point Tracking
Systems (MPPTS) and the quality of the energy injected in the utility under different
situation of irradiation. Therefore, PVAE becomes vital to have appropriate test

equipments for manufacturers and laboratories dedicated to PV inverter’s R&D [3].

In Malaysia, the statutory limit of voltage unbalance factor is 1% by set from the
Tenaga Nasional Berhad (TNB). PV across the phases of the network and without PV is
determine, to figure out the limitation that allow the PV volumes to be accommodated
on the networks before the voltage unbalance factor at any points on the network exceed
the limits. For the purpose of this project, PV across the phase of the network case when
PV is connects to the phase. Without PV describe the case when PV connections is open

circuit with the phase.

1.2 Problem Statement

The problem statements of the proposed project address the problems and challenges
faced by the development of applications on the related field. The problem statements

for the PVAE are as following:

1. All of the photovoltaic array system is inherently dependence on weather
changes. It cannot be performing the different PV power production in many
conditions, such as at the night or at the raining day. It is a serious problem for

the testing in manufacturers and laboratories.

2. In order to eliminate atmospheric dependency, previous test equipment used
lamps to simulate the solar irradiation with its consequent need of huge power

for testing equipments having a power bigger than 1kW but only produce a low



output power. Other ones tried to simulate the sun by a current source and a
diode chain, as it is usually represented a photovoltaic panel by its electrical
scheme. However, the equipment had thermal stability problems and was limited

by its diode chain’s fill factor.

1.3 Project Objective

The main objective of the proposed project is to emulate characteristic of a PV array

energy production system under many situations and without depending on weather or

much more expensive and large systems.

1.5  Project Flow Chart

Figure 1.1 shown as the flow chart of the project. It is separate to two sections; the first

section more focus on doing the research related with the topic. The second section is

focus on design and testing of the project.



Topic Basic Research and Proposal

Y

Meihod Research

Design and Clarification

Y

Testing

Y

Thesis and Presentation

Figure 1.1: Flow Chart of the project



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

This chapter is about the research of the proposed project, photovoltaic array emulator
(PVAE). Sources of the read materials are mainly from internet articles, e-books and so
on. This research aims to investigate and to be clear about how to build a PVAE.
Besides, examination and comment is made on the literature relevant to the area of the

proposed project research.

2.2 Overview

In this section, the focus point will be onto few papers that are related to the

Photovoltaic Array Emulator. The reviewed papers are listed below:

I. Development of a Photovoltaic Array Emulator System based on a Full-
Bridge Structure

ii. Single-Phase Inverter Design

iii. Modeling of a Single-phase Photovoltaic Inverter

\2 Daily Load Profiles for Residential, Commercial and Industrial Low Voltage
Consumers

V. PV Panel Model Based On Datasheet Values



Besides, some of the parts and components that build up the PVAE will also be

discussed at this chapter.

2.2.1 Development of a Photovoltaic Array Emulator System based on a Full-

Bridge Structure

In this paper, they believe that the photovoltaic industry is growing exponentially and
PVAE is becoming an essential tool for manufactures and laboratories dedicated to PV
inverter’s R&D. It is required to know the efficiency of their Maximum Power Point
Tracking Systems (MPPTS), the quality of the energy injected in the utility under
different situations of irradiation, and specially the performance of the different anti-
islanding methods in solar inverters under large penetration of PV. Therefore, it is
important to have appropriate test equipments for manufacturers and laboratories
dedicated to PV inverter’s R&D. In this paper, a photovoltaic array emulator has been

presented and its static and dynamic response evaluated.

A wide range of array simulators or emulators have been proposed and
developed few years ago. For example, some of them without galvanic isolation, some
based on structures with low frequency, some using PWM principle and so on. In this
paper, they proposed developing PVAE based on full-bridge structure.
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Figure 2.1: Current-Voltage characteristic of PV-module
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Figure 2.2: Electrical scheme of PV converter

Figure 2.1 shows the I-V curve of the PV whereas figure 2.2 shows the scheme
of PV converter. From the figure 2.1, the curve is obtained in ideal conditions with a
given temperature, solar irradiation and cell’s material. In the figure 2.2, the proposed
PVAE is formed by a full-bridge structure with high-frequency transformers and PWM
principle. It is used to drive the IGBT at the full-bridge inverter part. However, the
proposed project is to develop a PVAE in single phase but on this paper, the PVAE is
using 3-phase converter. So that, some of the parts in this article as a reference to
developing the PVAE. [2]

2.2.2  Single Phase Inverter Design
Inverter is used in PVAE to invert DC voltage into AC voltage. In this paper, Prof. Ali

proposed how to design a PWM inverter. When design an inverter, there are three basic

schemes to convert the fuel cell plus boost module’s DC energy into AC.



[
Input
24y EEIII;ck 0;;"0‘:}
DC — AC
I g =
:E fllter_°
17:230
o

Figure 2.3: Circuit topology of a chop and transform inverter

Figure 2.4: Sine Waveform

Figure 2.3 is the type to converts the low voltage DC into a low voltage AC,
after that only converts the low voltage AC into the wanted AC voltage. The advantages
are the low voltage operation is safe, the insulation from the grid after the inverter, the
ease with which it makes sine-wave which feeds into the transformer and the most
important in many aspects, which is reliability due to the low number of semiconductors
in the power path. However, the disadvantage of this inverter is slightly lower efficiency,
typically 92%. Figure 2.3 shows as a good approximation of a sine wave, all type of
equipment will run on this signal. The sine wave is approximated by a high-frequency
chopping plus filtering. This chopping is also known as PWM. This is the only
waveform allowed to be grid-connected, when the inverter is capable of synchronization

to the grid.
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Figure 2.5: Single Phase Inverter

Figure 2.4 shows single phase inverter. U; is used to invert the AC voltage
source into DC voltage. In this type of inverter, due to low output voltage and power,
the voltage rating of a power switch does not affect its cost and volume significantly,
while less number of the power switches leads to simpler control, higher reliability and

lower cost. The L, and C, is the filter for the output from harmonic response. [6]

2.2.3 Modeling of a Single-phase Photovoltaic Inverter

In this paper, they are present the design of a single-phase photovoltaic inverter and
simulation. The concept of this inverter is representing an AC power based on the main
power distribution. This paper also has provided some technical information for the
inverter design and circuit used. In technical information section, they are using
controlling the power angle or the difference voltage magnitude to control the inverter.
In this paper, I am more focus on how to coupling of the two circuits, which is PV

circuit connect to the grid network.

As we know, to connect two different AC network circuits, it has to make the
AC voltage waveform of two circuits have been similar. It is possible to achieve by

using technique phase-locked-loop (PLL). This technique is used a replicate of a grid
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sinusoidal voltage source to pass through a zero-crossing detector (ZCD) to convert into
a square pulse of frequency 50 Hz and magnitude 230V rms. The ZCD, as its name
implies detects zero crossing on the input waveform and triggers at each zero crossing.
Once the detector detect a zero crossing, it triggers to a pre-set value and detect a second
zero crossing, it will triggers back to zero. In this way can easy convert a sinusoidal
input into a square waveform. After that, the ZCD output was used as the input of
triggering block. The triggering pulse will produce a square wave output that will be in
phase with the grid voltage. This phase comparison is shown in Figure 2.6.

Inverter voltage Waveform
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Figure 2.6: Inverter output and grid voltage waveform
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Figure 2.7: The complete network

The circuit show as above is the circuit to generate the PWM signals who able to

connect with the grid network. The phase power of the grid is taking as the input

reference for the PWM. This paper also have discuss about the relationship between the

phase angle and power output. From this paper, when phase angle is slightly increase 2<

the rms value of current was increase from 1.3A to 1.6A, the output power is increase.

When the phase angle is slightly decrease 2< this slight shift in latter case reactive

power was flowing from the grid toward the inverter, the power is show as negative. [7]

2.24 Daily Load Profiles for Residential, Commercial and Industrial Low

Voltage Consumers

In this paper, they are represents the

result of the study carried out from the

determination of the industrial, commercial and residential consumer’s daily load. The
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paper proposes the customers representative daily load curve are defined statistically

form.

For the residential consumer’s daily load, the maximum demand is during at
night between 9pm to 12am. The high standard deviation values are due to the diversity
in the use of electric appliance mainly the shower. For the commercial consumer’s daily
load, the maximum demand is during business hours which are between 8am to 6pm.
The measurements corresponding to weekdays were considered. Both of the consumer’s

daily load are show as below.

RESIDENTIAL COMMERCE CFFICES

P
P

o 2 4 & 8 0 42 14 18 4 20 22 94 o 8 12 18
HOURS HOURS

Figure 2.8 shown as the residential and commercial consumer’s daily load

From this paper, a statistic analysis of residential and commercial consumers load
curves applied to a sample of consumers to recommendation of the representative curves
of consumers by consume range in the residential and by type of activity in the
commercial sector. it can let us more understand about the load different residential and

commercial. It also helps us to decide which load should be used to test this project. [8]

2.2.5 PV Panel Model Based On Datasheet Values

A model for photovoltaic panels, based exclusively on datasheet parameters has been

developed and implemented. In this paper, there are presented some numerous methods,
for extracting the panel parameters. The most common methods that we use are based
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on measurement of the 1-V curve or other characteristic of the panel. A photovoltaic

panel model, can based on the value provide by the manufacturer’s data sheet.

= T
q% Szlrn v IL[ 'ID Rp : ‘V

(a) (b)

Figure 2.9: Equivalent circuit of a PV cell

The circuit of figure 2.9(a) shows that equivalent circuit of an ideal device. However, in
real solar cell there exist other effects. These affect the external behavior of the cell. We
consider at least two of these extrinsic effects, which is the series resistance and current
leaks proportional to the voltage. These effects are distributed throughout the device and
cannot always be represented by a resistance of constant value. The relationship
between the series and parallel resistance, when the value of parallel resistance is small,
it will reduce the open circuit voltage and fill factor, the short circuit current is not affect
by it. For the series resistance, when the value is large, it will reduce the fill factor and

short circuit current, but will not affecting the open circuit voltage.
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Figure 2.10: The effect of series and parallel resistance on the 1-V characteristic of solar
cell

I

:'f Start )

e + vy

Initialize Re, Reh,
and Vit

. I
[ ‘*‘ Mewtor Raphson or
Bizection method

Wt =f(Rs, Rsh) from
exprassion of lmpp

!

Rsh = f{Rs, Vtj from
A= axprassion of dPdY

A i A

-~ e
AR AVEMPP -0 7 o HO
o g

-, L
-, =

Y
A

YES

L iVl -1Reh P
NG e

\ IFES
Final values for
R, Rsh, and vt

Figure 2.11: Flow Chart of determination of the PV model parameters



15

Figure 2.10 is show that the process of finding the value of series and parallel
resistance. By solving this, we can get three equations, there equations do not allow
separating the unknowns and solving them analytically, they are solved by using
numerical methods. The equation is shown as: [9]

I _ Vmpp + ImppRs — IscR; Voo — IscRs W 1
mpp — ‘sc T Rsh - SC—R—Sh e sVt _()

Vmpp +ImppRS—Voc)

UscRsc — Vo + IscRs)e< nsVt 1

| |
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- NsRon Vi Rsn -(3)
Rt R (B =1+ 1 R
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CHAPTER 3

METHODOLOGY

3.1 Introduction

This chapter describe about the method use design of the proposed for the PVAE. The
overall system model is also included in this chapter together with a flow diagram show
as below. Each module and also its processes will be described and illustrated more
detailed on how it operates and achieving its individual tasks. From the figure show as
below, it can separate in two parts, which is PV inverter and PWM generator process.
PV inverter is the DC sources connect with the inverter and invert the DC power to AC
power. After that, it will supply to the grid network. The PWM generator process is get
the phase information from the grid network, combine the phase that control by the user
and make this phase become a sine wave. After that, this sine wave will send to compare
with the triangle wave and generate out a PWM signal. This PWM signal is send to

inverter to control the inverter.



17

Conirel Yalue
Triangle
PWM
Compare DC Source
Sinewave
Maz 0.8 —% Sin [ Freq 50Hz Inverter
F/F Phase Information Grid Network
-~
Phase Conirol Value

Figure 3.1 Block Diagram of Proposed System

3.2  System Overview

DC voltage is a source of this PVAE, also is a controller of this PVAE to control the
total power deliver out from the PVAE. Inverter is used to invert the DC voltage to AC
voltage, the reason use inverter because on the gird network is using AC power. Inverter
need requires a PWM waveform to perform the invert performance. To generate the AC
power that able to supply into the grid network, it is required the PWM signal who able
to connect with grid network and frequency must be same as 50Hz. To achieve this task,
grid phase information is provided and adds with the phase angle that setting by user.
This phase angle can adjust and affect the output power performance of PVAE. After
add in phase signal, the signal need to transfer to sine wave which magnitude 0.8 and
frequency 50Hz. Then it will compare with triangle waveform and deliver the PWM
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signal. Sine wave acts as the DC level for the comparison. In this project, I am going to

design a PVAE that able to connect with the grid network by using simulation.

3.3 PV Inverter
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Figure 3.2: single-phase photovoltaic inverter

Figure 3.2 show as a single phase photovoltaic inverter, it is modeled in the distribution

network by using PSCAD program. PV inverter is installed at any of the three phases in

the customer’s premises. The inverter circuit is using four gate-turn-off (GTO) thyristor

to perform a H-bridge inverter. GTO is control by the PWM signal which is generate by

compare between the triangle waveform and sine waveform. The inverter is connected

to one of the three phases, before connect with the grid network, it is have a coupling

circuit consisting of a resistor and inductor, this is to make sure the voltage of PV is

239.6V.
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3.3.1 DC Source

A DC voltage, such as battery, outputs a constant voltage over time. DC is the
unidirectional flow of electric charge. In this project, a DC supply is used as the sources
of PVAE and also is the control power output of the PVAE. The figure below show as
the DC sources for PVAE in PSCAD.

SR
Eaa

E

e I

C_TME = 7] YA {.7\

1+

__TIME ~—3

Tahle

Figure 3.3 shown as the voltage and control in PSCAD

From the figure above, DC sources is set as external input method, so it can be
decided how much voltage that be generate from DC battery. Two lookup tables are

used to give the control signal for the DC battery. The lookup table value is show as

below.



20

Table 3.1: Lookup table Value

Time Time

(s) Output (s) Output
0.50 0.00 5.0 2.00
1.00 0.25 5.5 1.75
1.50 0.50 6.0 1.50
2.00 0.75 6.5 1.25
2.50 1.00 7.0 1.00
3.00 1.25 7.5 0.75
3.50 1.50 8.0 0.50
4.00 1.75 8.5 0.25
4.50 2.00 9.0 0.00

For the DC sources for the PSCAD, when it is setting as external input method,

signal 1 is will generated 2500V from the DC sources.

3.3.2 Inverter

In order to generate AC voltage from DC voltage, it can use electronic switches to
reverse the polarity of the electricity supplied to the load periodically. In this project, an
H-bridge circuit is required to generate the DC to AC voltage, figure 3.4 shows as an H-
bridge inverter that build in PSCAD.
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Figure 3.4 shown as an H-bridge inverter circuit

From the figure 3.4, four thyristor GTO is requires for this H-bridge circuit. Gate
turn-off (GTO) is a type of thyristor, a high-power semiconductor device, it is a fully
controllable switches which can be turned on and off by their gate. It can be turned on
by a gate signal and can also be turned off by a gate signal of negative polarity. The
turned on and turned off time of the GTO is very important because it have to generated

the sine wave power by PWM.

To perform invert DC to AC power, the four switches in H-bridge, which are
T16 T2 In order to generate a square wave in first one half cycles, closing the T, s,
open another two which is Ty 6. To generate the next half cycles, closing the T, s, open

the T, 6. Both conditions are show as below.
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Figure 3.5: Operation of H-bridge
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Figure 3.6 shown as Pulse Width Modulations
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34 PWM Generator Process
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Figure 3.7 shown as PWM generator in PSCAD

From the figure 3.7, delta 6 is the phase from grid network. 20 is the phase that
controllable by the user to affect the output power from PVAE. After adding two phase,
it will send to sine wave generator to generate a sine wave based on 0.8 amplitude, 50
Hz and the phase that user selected. After that, it will compare this sine wave signal with
the triangle signal to get the PWM signal. Single input comparator is help decoder select
which switch have to open and close. PWM signal is also send though decoder to

control the switch to invert DC power to AC power.

3.4.1 Phase Angle

Phase in waves is the fraction of a wave cycle which has elapsed relative to an arbitrary
point. In this part, there have two types of phase is generated. First phase is the phase of
gird network, which is generated by grid system. The second phase is the phase set by
user; this phase can be effect the output power of the PVAE. For example, take a look at
figure 3.7. The upper side plot shows a 1 kHz sine wave starting with a phase of 0
radians. The peak amplitude is 1V. The middle side plot shows as add one period of 1
kHz sine wave starting with a phase of 45< Peak amplitude also is 1V. If these two
wave are add together, the result shown on the bottom, is one period of 1 kHz sine wave
with a different peak amplitude and starting phase. When two phases add together and

get a increasing amplitude, it is means the PVAE can be injected power into the grid
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system. If after two phases add together and get decreasing amplitude, it is means the

PVAE will start inject back the power from grid system.

/

J

AR

(c)

Figure 3.8 shown as the add two phase

3.4.2 PWM Signal

PWM stands for pulse width modulation. It is a powerful technique to control analog
circuit with a processor’s digital outputs, such as microcontroller. A simple PWM

generator can be made by using triangle wave generator together with an analog
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comparator. The magnitude of the triangle wave is compare with the sine wave. The
figure 3.8 is show as the sine sawtooth PWM.

modulating
signal
AV i 11 i
Comparator= se Width
- Modulated
carrier

Figure 3.9 shown as sine sawtooth PWM

i
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Figure 3.10 shown as PWM generator

3.43 Load

Beside simulate a PVAE; in this project also have simulated the relationship between
PV and load in each phase. Load will affects the performance of circuits that output
current and voltage.
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Figure 3.11 shown as the variable load

When no load, which is open circuit terminals, all of the current cannot be across
to the output, so Vout is equal with Vs and current equal to zero. However, when put the
load resistance, this load will makes a closed circuit and allows current to flow. So the
value of power across the load will be change. Voltage drop across load resistance, so in

the result, voltage output terminal is not same as Voltage input. The output voltage can

be determined by the voltage division rule:
R,
R; + Rg

-4

Vour = Vs X

The power taken by the load is:

_ Vour’
= 5)

The reason use bidirectional of load because of the power at grid network is sine

P

wave, but the GTO only can accept one direction waveform, so it is requires have two

direction of GTO to complete this task. The figure show as below is the idea of load

circuit.



27

28.7 [ohm
28.7 [ohm

ravu >

N T1

yal 4 az
[Lya] 237

Figure 3.12 shown as the how the load work at sine wave

By using figure 3.12, the power can be always passing though the same value of
resistor. If not, the power can pass though will be decrease half base on half cycle

current cannot pass though of the load.

In this variable load, all the resistor value have been same, the reason of this is
because if use many different value of resistor, user may confuse. Besides that, it is also
because of the capability of resistor, when the total amount of power passes though the
resistor is very large power. The price of resistor will be very expensive. So in order to
solve this problem, the way that use in this project is build a parallel resistor, this way
can be separate the power passes though each resistor when total amount of power is
very high. For example, has two case of testing, first case is a resistor value 14.35Q,
another is case is two resistor with value 28.7Q. The power passes through 4kW. In first
case, the total power pass though of the resistor is 4kW, For the second case, two
resistors total handle 4kW power, means each resistor just handle 2KW power. The
price of the resistor is based on the total amount of power. It will be increase the price

when the resistor need handle more power.



CHAPTER 4

RESULT AND DISCUSSION

4.1 Introduction

This chapter presents the results of the implemented project “Photovoltaic Array
Emulator” and also discussions regarding the testing. The purpose of performing tests on
the implemented project is to test whether the project is working correctly, and the
results are achieving the objectives as stated in the first chapter.

The simulation result is tested on PSCAD program. The testing conditions are
separated into two, Photovoltaic Array Emulator and Relation between PV and Load.
On the first part of testing, it is help to choose which solution can be use to perform a
photovoltaic array emulator. The second part of testing is to understand the relationship

between PV and load and how they affect the voltage unbalance.

4.2 Photovoltaic Array Emulator

In this project, | have tried many testing on it. First, to generate the PV output, | have

test to change the input voltage and also try for the phase angle. Both of them also can

affect the output power of the PV.
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4.2.1 Phase Angle

For PWM generator, phase angle is very important. Phase angle can be affect to the
power output of PV. The input voltage is set as 550V and changing the phase angle from

0<to +360< The output power of PV is shown as below.

3000
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=—@—Power

Power, W
o

400
-1000

-2000

-3000

Phase angle

Figure 4.1 as shown as output power of PV with 550V input voltage

According to the graph above, we can see that when the phase is 90< the output
power is reach to maximum and when phase -270< the output power is decrease to
minimum. When the phase angle change to 90 the power that deliver out from the PV
is maximum which is about 2667W, when the angle is continue increase, the output
power will be start drop down until reach the minimum point which is -2270W. The
output is show as a sine wave form. However the phase of maximum point and
minimum point will be slightly change if the input voltage is change to too big or too
small. For example, when the input power is change to 5500V, the maximum point of
output power will be at 60<=and minimum point at -240< besides that, maximum power
is 34950W and minimum power is -22160W. Means that whole graph will slightly move
up, means that more positive power is appeal when the input voltage is high. The graph

of 5500V input power is show as below.
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Figure 4.2 shown as output power of PV with 5500V input voltage

4.2.2 Input Voltage

The DC input of PV is the main sources of photovoltaic array emulator. Besides that,
DC input also can act as battery in simulation. Changing the value of DC input can
direct affect the output power of PVAE. In this case, the difference input voltage will
give how much of the impact to the output power will be tested, which is show as a

dynamic input voltage and fix phase.

The phase angle of first case is set as 0°and second case of phase angle is set as
50< input voltage will change according to the time, which is the table 4.1 as shown as

below.



Table 4.1: The time and Vin.

Time, (s) | Vin (V)
0 0
0.5 2625
1 6250
15 10625
2 12500
25 12000
3 6750
3.5 5000
4 3625
4.5 1875
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The result of output power is show as below; figure 4.3 is shown as the

comparison between phases is set as 0“and phase is set as 50<

30000

15000

25000 //.—\\
20000 /

Power, W

10000 / m

5000 /

Time, s

=¢=Phase 0
== Phase 50

Figure 4.3 shown as comparison between phase 0<and phase 50 “output power.

From the figure 4.3, the different input voltage will direct change the output

power. Besides that, the phase also will affect the output power. Just like the previous
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testing, the output power of PV at phase 50<is higher than the output power at PV at
phase 0

4.2.3 Select the Method of using for Photovoltaic Array Emulator.

When tested above two tests which are the phase angle of PV and input voltage of PV,
now it is ready to generate the output of PV which is similar as the real PV output. At
this part, two methods of simulation will be use to generate the PV output, which is
changing the phase angle and changing the input voltage. Both of the methods only
generate the output power which is following the shape of real PV output power. Figure

of Real PV output power as shown as below.
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Power, W

Time

Figure 4.4 shown as power output of real PV.

1. Phase angle

In this method, to generate PV output as changing the phase angle, the input

voltage of PV is fixed, set as 550V, the result is shown as below.
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Figure 4.5 shown as output power of phase change.

Table 4.2: The power generate by change Phase angle.

Time in simulation Real Phase

(s) time (9 Output power (W)
0 7 -20 30.9

0.5 8.15 0 450
1 9.3 30 1304

1.5 10.45 60 2098
2 12 90 2250

2.5 13.15 70 2180
3 14.3 30 1304

3.5 15.45 20 1030
4 17 10 786

4.5 18.15 0 450

50
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From the result, the shape of output power for PV is same as the real PV

output power; however, the maximum output power of this case is only 2250W.

This is because have a limitation of phase angle changing. From the previous

testing, it is show out one of the information which is the maximum output
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power can be deliver out from the PV by using different phase angle is 90< The

main reason that this method is not considered is because of above limitation.

Input Voltage

Under this method, it is generate the PV output power by using changing input
voltage. In this part, phase angle of PV is fixed which is set as 0< The result is

shown as below.
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Time, s

Figure 4.6 shown as output power of voltage change.



Table 4.3: The power generate by change input voltage.

Time in simulation Real

(s) time Vin (V) | Output power (W)
0 7 0 133

0.5 8.15 2625 2092
1 9.3 6250 6063

1.5 10.45 10625 10881
2 12 12500 12966

2.5 13.15 12000 12389
3 14.3 6750 6583

3.5 15.45 5000 4686
4 17 3625 3194

4.5 18.15 1875 1211
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From the result, the shape of output power of PV is similar with the real PV

output power. On this case, there is no limitation for the maximum output power. When

the input voltage is higher, the output that can be delivering out also can be higher. This

method is selected to use because of easy to control and no limitation of maximum

power that can be delivered out.

4.2.4 Simulation of Photovoltaic Array Emulator

From the previous testing, the second method is confirmed be use which is changing

input voltage to control and generate the PVAE output power. The data of PVAE

generated is show as below.



Table 4.4 PVAE input voltage and output power

DC input (V) | AC output (W) DC input (V) | AC output (W)

0 145 2000 7697

250 110 1750 6596

500 851 1500 5492

750 2072 1250 4376

1000 3242 1000 3242

1250 4376 750 2072

1500 5492 500 851

1750 6596 250 110

2000 7697 0 228

pvll : Graphs
225 4 20
Z.00 4
1.75 -
1.50 4
1,26 -
% 1.00 -
£ 0.75 -
0.50 4
0.25
0.60
025
0.0 10 20 30 40 6.0 7.0 g0 90 100

Figure 4.7 shown as DC input

36
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pufi : Graphs
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Figure 4.8 shown as PVAE output.

From the figure 4.8 and table 4.4 that show as above, the voltage input is change
250V per 0.5 second. This output consider by real PV output power. For the real PV
output power, the power will start increasing from morning until noon. When noon, the
output power should be reach the maximum if do not have any other weather condition.
The maximum output condition should be remaining between 12pm to 2pm. After that,
the output power should be start drop until the sunlight is fully disappearing. So, from
the result, PVAE is show out the result that similar with the real PV output. The output
power will keep increasing until reach the maximum which is the time at 4 second. After
reach maximum point, it will stay at the maximum value until the time at 5 second, then
it only will start drop down until time at 8.5 second. The table as below can be

explaining more clearly about the time of simulation vs real time.



Table 4.5: Time simulation vs real time

Time in simulation
(s) Time in day Output Power (W)
0.0 7.06 am 145
0.5 7.48 am 110
1.0 8.30 am 851
1.5 9.12 am 2072
2.0 9.54 am 3242
2.5 10.36 am 4376
3.0 11.18 am 5492
3.5 12.00 pm 6596
4.0 12.42 pm 7697
4.5 1.24 pm 7697
5.0 2.06 pm 6596
5.5 2.48 pm 5492
6.0 3.30 pm 4376
6.5 4.12 pm 3242
7.0 4.54 pm 2072
7.5 5.36 pm 851
8.0 6.18pm 110
8.5 7.00 pm 228

4.2.5 Comparison of the Simulation Result and Laboratory Result

38

The Grid-tied PV is used device that is Grid PV Inverter Sunteams 1500. There has
some limitation for this device. Input DC voltage must between 100V to 450 V, and

maximum output AC power is1650W. When the input DC voltage is small than 150V,

the inverter will auto come to standby mode, because of this limitation, to make sure the

inverter is operation, the input voltage must greater than 150V. Car battery is used on

this part as the input voltage of PV inverter, total number of car battery that use for this
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project is 15 pcs. 15 pcs car battery is the maximum batter that can be use for this

project because out of the battery.

Table 4.6: Output power from PV inverter

Number of car
battery Input Voltage, V Output Power, W
12 151 1180
13 164.4 1270
14 176.3 1377
15 185.8 1472
1600
1400 —
1200 e
5 1000
g 800
S 600
400
200
0
151 164.4 176.3 185.8
DC voltage, V

Figure 4.9: Output Power vs Input Voltage for the PV inverter

Minimum of 12 pcs car battery are used for this project, this is because of the

limitation for the PV inverter. When the car battery is less than 12 pcs, the Voltage will

be less than 150V, which will make PV inverter under standby mode. The maximum of

car battery that use for this project is 15 pcs due to the number of battery that we have.

Each car battery can supply about 12V. From the result, when 12 pcs of car battery is

used, output power that can deliver out from the PV inverter is about 1180W. Because

12 pcs car battery is only provide a DC voltage 151V. So we can probably know that the

minimum power generate by PV inverter is about 1180W. When increase 1 more car

battery for the system, the output power is increase about 100W until the maximum
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number of car battery which is 15pcs, the output power is about 1472W. The result is
same as the simulation, when increase the input voltage, the output power will be
increase. Figure 4.10 shown as the switch for the PV inverter that we build out, and

figure 4.11 shown as the circuit design of switch for PV inverter.

Figure 4.10 shown as switch for the PV inverter

.||_<>_:\/\/\,—q,__i_—/ Input | pyinverter | ©Utout I
1.0 [ohm] BRK1
= Input P inverter Quiput
BRK1

Figure 4.11 shown as the circuit design of switch for PV inverter
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4.3 Relation between PV and Load

PV will increase the voltage unbalance for the grid network, the reason of that is
because when installing the PV in the network, PV will change the voltage profile in the
network, causing the three phase system voltage profile amplitudes to differ more from
each other and hence a high voltage unbalance. In this paper, an analysis has been
carried out to investigate how PV installations, their location and power generation
capacity can cause of voltage unbalance increasing.

VUF (%) =V—+><100
v (6)

43.1 Load

Total have three types of load conditions have been tested. First is balanced load, second
is unbalanced load, and third is variable load. In balanced load conditions, load for the
three phase system is set as same value, which is from OW load to 10kW load. For

unbalanced load, load for the three phase system is set as different value.
1. Balanced load
From this case, no PV is connect to the load, the percents of voltage unbalance is

get zero for each condition, means that in each of the conditions, the current

taken from each side of the system is equal and the power factors also as equal.



Table 4.7: Balanced load

Phase A Phase B Phase C
(W) (W) (W) %\VUF

0 0 0 0
2000 2000 2000 0
4000 4000 4000 0
6000 6000 6000 0
8000 8000 8000 0
10000 10000 10000 0

2. Unbalanced load
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Beside simulate for the balanced load, unbalanced load also be tested. The

reason to test the unbalanced load is want to more understand about the load at

each phase will give how much effect of the whole system. There have two type

conditions have been tested for unbalanced load, which is unbalanced load at

phase A, the second condition of unbalanced load is three phase with different

load. The result is shown as below.

Unbalance Load

0.18
0.16
0.14 //
0.12
5 01 —
§ 008 //
0.06
0.04 //
0.02
0 /
0 2000 4000 6000 8000 10000

Load

Figure 4.12 shown as the voltage unbalance for the unbalance load at phase A.



43

When unbalance load at phase A, voltage unbalance will keep increasing.

That is because the current taken from each side is difference.

Table 4.8: Three phase with unbalance load

Phase A Phase B Phase C

(W) (W) (W) %VUF
0 2000 4000 0.045940528
0 4000 6000 0.068235622
0 6000 8000 0.100296711
0 8000 10000 0.133773672
0 10000 10000 0.15052055

2000 10000 4000 0.115616599

From the table 4.8, when the value of load for each phase is bigger

different, the voltage unbalance will become bigger, if the different is small, then

the voltage unbalance become smaller.

. Variable load

In this case, values of load have been change due to the time change. To generate

a 2kW load, based on the equation,

%
P=—

2000 =

2

R

R

3 239.62
© 2000
R = 28.70Q

—(7)
239.62

To get the second value of load, this is 4kW, the way that use in this project is

parallel two 28.7CQ resistors.
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Rr =R; IR, - (8)

vl
T = 128.7 287

Ry = 14.35Q
_ 239.6%
"~ 14.35

P = 4000W

Table 4.9: The load power

Time, s | Load, Q Power, W

0 infinite 0

1 28.7 2000
2 14.35 3995
3 9.57 5984
4 7.175 7967
5 9.57 5984
6 14.35 3995
7 28.7 2000
8 infinite 0

4.4  Photovoltaic Array Connect with Load

In this part, the PV will be connect to the single phase load, four types of methods will
be tested in this part, which is fixed PV with fixed load, variable PV with load, fixed PV
with variable load and variable PV with variable load.

4.4.1 Fixed PV with fixed load

In this method, the PV output is fixed as 4 types, which are 2072W, 4151W, 5491W and
7035W. Each types of PV output will be test for the balanced load, unbalanced load.
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1. Balanced load

From the result, the voltage unbalanced did not change much when increase the
load. That is because from the previous testing, it is show the voltage unbalance
for balance load is zero. So the voltage unbalance from this figure 4.3 is because
of PV. The current pass though each phase will become bigger different when
PV output power is increase. This is the reason show that voltage unbalance is
high when PV output power is 7035W. When the PV output power is small,
which is 2072W, the percents of voltage unbalance is small. When the PV output
power is reach to 7035W, the percents of voltage unbalance is large. It is also
prove as the hardware device. The figure below show as voltage unbalance of
PV inverter for the simulation result and laboratory result when connect with

balanced load.
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e w TN
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>

0.2 5491

0.1 -%w =S¢ =>&=7035

O T T T T T 1
0 2000 4000 6000 8000 10000 12000
Load, W

Figure 4.13 shown as VUF vs Load for PV connect with balance load
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Figure 4.14 shown as VUF vs load for PV inverter

2. Unbalance load

In this case, unbalance load will separate to two sections. First section is PV
connect with same phase of unbalance load, second section is PV connect with
different phase of load.

Under this section, PV is connecting at phase A and unbalance load also
connect at phase A, other two phase set as OW load. Figure below show as PV
connect with same phase of unbalanced load
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Figure 4.15 shown as VUF vs load for PV connect at same phase of unbalance load
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From the result, the voltage unbalance is decrease when the load is
increase. In this case, when the load is increase, mean it will requires more
power and make the three phase system unbalance, but when PV is connect on
the same phase, the PV output power will cover the power that load requires
from the system, to make the voltage unbalance of three phase decrease. This
result also proves by the hardware PV inverter, when PV inverter and load is

connecting at the same phase, the voltage unbalance is decrease.

1.2

1 S

0.4 \/\
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Figure 4.16 shown as VUF vs load for same phase with PV

In this part, PV is connecting at A and unbalance load is connecting at
phase B and phase C. Figure show as below is PV connect with different phase

of unbalance load
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Figure 4.17 shown as VUF vs load for PV connect to different phase of unbalance load

From the result, voltage unbalance is increasing by increase load. The

reason of voltage unbalance increase is because two reason, first reason is when

the load increase, it will requires more power from the network, this will make

the voltage unbalance increase. Second reason is when the PV supply is increase,

it will inject more power to the system, and it will also make the three phase

system more unstable and voltage unbalance increasing. This result also prove

by using PV inverter connect with the different phase of unbalanced load. The

result is show as below.
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Figure 4.18 shown as VUF vs load for different phase with PV.

4.4.2 Variable PV with fixed load

In this part, the variable PV output power is show as figure 4.8; load is set as 2kW, 4kW,
6kW, 8kW and 10kW. The test is same as previous, which will separate in two sections,

which is balance load and unbalance load.

1. Balanced load

From this result, the voltage unbalance will start drop at the beginning
until 0.5 second, after that it will increase to maximum which is about 2 and 2.5
second. When reach the maximum point, it will start drop back until 3.75second
then only increase back. The reason of front part and behind part is high because
when PV output power is zero, the power will be inject into PV system and it
will make the voltage unbalance increase. Same as the previous testing, the
balanced load will not make voltage unbalance increase; the reason of voltage
unbalance increase on this case is the PV output power increase. The PV output
power injects into the network and makes the current of each phase unstable. The

result is making the voltage unbalance increase. The result is shown as below.
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Figure 4.19 shown as VUF vs time for PV connect with balance load

2. Unbalance load

Two different conditions of unbalance load will be test on this situation, which is

variable PV connecting with the same phase of unbalance load and variable PV

connecting with the different phase of unbalance load.

Variable PV is connecting at phase A, and the unbalance load is also

providing at phase A. The figure show as below is PV connects with same phase

of unbalance load.
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Figure 4.20 shown as VUF vs time for PV connect at same phase of unbalance load

From the figure 4.20, voltage unbalance is lower than the PV connecting
with balanced load. At the front part, 2kW load will have a lower voltage
unbalanced and 10kW load will have a higher voltage unbalanced because of the
power requires for the difference load value. At 2kW load, power requires from
the system is most lower, that is the reason it can get the lower voltage
unbalanced. For 10kW load, the power requires from the system is higher, so it
will make the system more unstable than 2kW load. However, when the time is
increase, the output power of PV will be increase, it will make the voltage
unbalance at 10kW lower than 2kW load at overall graph. The reason of that
result is because when PV provides more power to network, the load can direct

get the power from PV and less requires from network.

Under this situation, the variable PV is connecting at phase A. Unbalance
load connecting at phase B and phase C. The figure show as below is PV

connects with different phase of unbalance load.
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Figure 4.21 show as VUF vs time for the variable PV and different phase of unbalance
load.

In this result, the overall value of voltage unbalanced is higher than previous
two conditions which balanced load and same phase with unbalanced load. This is
because two reason of making increase voltage unbalance also occurs together. First
reason is unbalance load and second reason is PV supply. The unbalance load at
phase B and phase C will make current pass though each phase becomes more
difference. When the PV supply to network, it will also make the three phase

network more unstable and increase the voltage unbalance.

4.2.3 Fixed PV and variable load

In this case, PV output power is fixed as 4 values which are 2072W, 4151W, 5491W and
7035W. Variable load is set as start from OW load until 8kW load in time 4.5second,
every 0.5second increase 2kW until time 2second reach the maximum and decrease 2kW
every 0.5second after time 2.5second. Same as the previous test, it will separate into two
parts which is balanced load and unbalanced load.
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1. Balanced load

For balanced load, the three phase load also set as variable load to increase load

power in the same time. The result is show as below.

From the figure below, the voltage unbalance is not much change for
each type of value of PV. The reason to get this result is because under balanced
load, the voltage unbalance is very less, near to zero. The only effect voltage
unbalance for this simulation is PV output power, when output power more high,

the voltage unbalance more high.
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Figure 4.22 shown as VUF vs time in balanced variable load

2. Unbalance load

For unbalance load part, same as previous testing, it will separate in two parts

which is PV connecting with the same phase of unbalance load and PV

connecting to the difference phase of unbalanced load.
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Under this situation, PV is connecting at phase A and unbalance variable
load is also connecting at phase A. Figure 4.23 show as PV connect with the

same phase of unbalance load

From the result shown as below, the voltage unbalance will be decrease
when the time is increase until the time 2.5 second, then it will increase back
until time 4 second. The reason of this result is because when the time is increase,
the value of load will be increase, this will make the voltage unbalance drop due
to the PV connect with the same phase of load. After time 2.5 second, the
voltage unbalance will start increase back because the load will be decrease after
that time. When the load is increase at the same phase of PV supply, the power
requires from the load will be decrease due to the power is receive by PV.
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Figure 4.23 shown as VUF vs time with PV connect with same phase unstable variable
load

Under this situation, PV is connecting at the phase A and unbalanced
variable load is connecting at phase B and phase C. Figure 4.24 shown as below

is PV connects with the difference phase of unbalance load.
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From the figure show as above, the overall value of voltage unbalance is
higher. The reason of high voltage unbalance is difference phase of PV supply
and variable load. When the PV supply more power to network, the distance
between three phase of current pass though will become bigger. When the time is
increase, the power requires for the load also increase based on the value of load

is increase. This will also increase the voltage unbalance for the system.
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Figure 4.24 shown as VUF vs time with PV connect with difference phase unstable

variable load

4.2.4 Variable PV and variable load

Under this case, both of the PV and load also will change during the time difference.
The variable PV is act as real PV, change the power output during time. The variable
load is act as real commercial network, change the load power requires during time. It
will test three types of conditions which is balanced load, unbalanced load with same

phase and unbalanced load at difference phase. The result is show as below.
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Figure 4.25 shown as VUF vs time

From the figure above, 1 is show as unbalance load with same phase, 2 is show
as balanced load, 3 is show as unbalance load with different phase. The higher value of
voltage unbalance is when unbalance load with different phase and lower value of

voltage unbalance is when unbalancing load with same phase.

45 Conclusion

In conclusion, the proposed “Photovoltaic Array Emulator” is tested and a lot of testing
is presented in this chapter. From the result, photovoltaic array emulator is more suitable
control by using DC input voltage. However, when using software simulation, idea case
will not give any limitation of the output power of PVAE. But when using hardware to
operate PV inverter, there will have limitation for the input voltage and output power.
Besides that, PV is more suitable connect to the load which will have high load requires

at the day time.



CHAPTER 5

CONCLUSION AND RECOMMENDATION

51 Introduction

In this chapter, an overall conclusion of the proposed system “Photovoltaic Array
Emulator” will be made. This chapter will give a summary of all the previous chapters;
briefly discuss the proposed project’s challenges, objectives; the literature reviews on
several related journal and conference papers; system design; all the testing data
characteristics and lastly, the result of proposed system. Beside all the contents
mentioned above, this chapter will also state the recommendation of the simulation

photovoltaic array emulator.

The “Photovoltaic Array Emulator” is proposed based on the facts that electrical
demand of Malaysia is keep increasing every \year and the main energy source use for
Malaysia is non renewable source. To prevent energy crisis happen in Malaysia,
Malaysia government is strengthening the role of renewable energy as the fifth
cornerstone of energy generation. PVAE are the system who able to represent
electrically similar with the PV arrays but without depending on the weather conditions
and capable to emulate PV array systems. That can make a possible to perform
difference PV energy production system test under many situation.

Some reviews had been done on the field related to Photovoltaic Array Emulator.

Five papers are studied and each of them proposed some methods with certain key



58

features for PVAE system. The purpose of reviewing previous work is to give a better

idea on how on implement the similar system.

The PVAE can be separate in several parts; all part should be combining
together at the last to perform the electrically similar with the PV arrays. First part is DC
battery part, in simulation, the value of battery should be controllable for decided the
output power from the PVAE. After that it is requires an inverter to invert the DC
power to AC power, the inverter of this project is use H-bridge inverter. The switch of
inverter is control by PWM signal generator, which is compare between sine wave and
triangle wave. The sine wave is generated by phase of grid network and triangle wave is

generated by a triangle signal generator.

In the system development period, unit testing is performance on each individual
module. The tests took place in two parts, which is PVAE and PVAE connect with grid
network. This is to make sure the system can be fully use and functions correctly.
However, after testing, from the result, power output from the PVAE can be adjust
though DC voltage sources and the phase angle set for the PWM. When PVAE connect
with the load, it is more suitable use for the load at the same phase, the voltage

unbalance will be less if comparing with the load not same phase with PVAE.

In conclusion, PVAE simulation result is proposed. There are many scenarios
that may cause the high voltage unbalance. In this project, only some scenario are
consider, where in the case PV and Load in the same phase, when load increase, the
voltage unbalance drop, for other the case of balanced load, the voltage unbalance will
maintain at same position for the balance load, cannot be decrease. Most bad condition
is unbalance load with PV connect in difference phase with load, this case will increase
the voltage unbalance. From the result and comparison, it can be say most best location
for the PV is use for the commercial based on the load higher and PV output higher at

the same timing.
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5.2 Recommendation

Since the complete PVAE is consist so many parts of device which can became the
structure of the proposed system, thus improvements from any of the part can be
increase the overall performance or make it more accurate in the result. The future

improvements that can be done as show as follows.

5.2.1 Practical device

In this simulation, all the part of the circuit inside PVAE is using the idea case device. It
does not consider any environment condition, device limitation and so on. So the result
of simulation will be difference with the practical result. The component use in
simulation also not consider on price, so it is hard to calculate how much cost requires if
build out. The result of this part is improving the simulation more near with the real

practical result.

5.2.2 Inductance and Capacitance Load

The relation between Load and PV is tested in this project. However, the capacitance
load and inductance load is not consider under in testing. Capacitance load and
inductance load will affect the power factor. If the power factor is low, it will also affect
the voltage unbalance for the whole network system. It can be more complete for the

PVAE on testing all situations.
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APPENDICES
Balanced load without PV
Balance Load Va Vb Vc Vage Vdeva | Vdevb | Vdevc %VUF
0 0 0| 239.54 | 239.54 | 239.54 | 239.54 0 0 0 0
2k | 2k | 2k 239.44 | 239.44 | 239.44 | 239.44 0 0 0 0
4k 4k 4k 239.34 | 239.34 | 239.34 | 239.34 0 0 0 0
6k | 6k | 6k 239.24 | 239.24 | 239.24 | 239.24 0 0 0 0
8k 8k 8k 239.13 | 239.13 | 239.13 | 239.13 0 0 0 0
10k | 10k | 10k 239.02 | 239.02 | 239.02 | 239.02 0 0 0 0
Unbalanced load without PV
tjg'ab da'ance Va | Vb | Vc | Vage | Vdeva | Vdevb | Vdevc | %VUF
0| o] o] 23954 23954 | 23954 | 23954 0 0 0 0
2000 | 0| 0] 23944 | 23953 | 23955 | 239.51 | 0.066667 | 0.023333 | 0.043333 | 0.027835
4000 | 0| 0| 23933 | 23952 | 23955 | 23947 | 0.136667 | 0.053333 | 0.083333 | 0.057071
6000 | 0| 0] 23922 | 23952 | 23956 | 239.43 | 0.213333 | 0.086667 | 0.126667 |  0.089099
8000 | 0| 0] 239.09 | 23951 | 23957 | 239.39 03 0.12 0.8 | 0.125319
9999 | 0| 0] 23896 2395 | 23957 | 239.34 | 0383333 | 0.156667 | 0.226667 0.16016
Unbalance Load Va Vb Vc Vage | Vdeva | Vdevb Vdev c %VUF
0| 2000 | 4000 | 239.53 | 239.46 23933 | 239.44 0.09 0.02 011 | 0.045941
0| 4000 | 6000 | 239.53 | 239.36 239.21 | 23937 | 0.163333 | 0.006667 | 0.156667 | 0.068236
0| 6000 | 8000 | 239.53 | 239.26 239.08 | 239.29 0.24 0.03 021 | 0.100297
0| 8000 | 9999 | 239.53 | 239.16 238.94 | 239.21 0.32 0.05 027 | 0.133774
0| 9999 | 9999 | 239.53 | 239.04 238.94 | 239.17 0.36 0.13 023 | 0.150521
2000 | 9999 | 4000 | 239.55 | 239.02 239.32 2393 | 0.253333 | 0276667 | 0.023333 | 0.115617




PV with Balanced load
PV supply = 2072W
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Balance Load Va Vb Vc Vage | Vdeva | Vdevb | Vdevc | %VUF
0 0 0 | 239.99 | 239.58 | 239.52 | 239.7 | 0.293333 | 0.116667 | 0.176667 | 0.122377
2000 | 2000 | 2000 | 239.82 | 239.49 | 239.4 | 239.57 0.25 0.08 0.17 | 0.104354
4000 | 4000 | 4000 | 239.61 | 239.36 | 239.32 | 239.43 0.18 0.07 0.11 | 0.075179
6000 | 6000 | 6000 | 239.53 | 239.25 | 239.23 | 239.34 | 0.193333 | 0.086667 | 0.106667 | 0.080779
8000 | 8000 | 8000 | 239.43 | 239.13 | 239.13 | 239.23 0.2 0.1 0.1 | 0.083602
9999 | 9999 | 9999 | 239.32 | 239.02 | 239.01 | 239.12 | 0.203333 | 0.096667 | 0.106667 | 0.085035
PV supply = 4151W
Balance Load Va Vb Vc Vage | Vdeva | Vdevb | Vdevc | %VUF
0 0 0| 241.8 | 239.61 | 239.56 | 240.32 | 1.476667 | 0.713333 | 0.763333 | 0.61445
2000 | 2000 | 2000 | 240.67 | 239.55 | 239.35 | 239.86 | 0.813333 | 0.306667 | 0.506667 | 0.339091
4000 | 4000 | 4000 | 240.45 | 239.36 | 239.29 | 239.7 0.75 0.34 0.41 | 0.312891
6000 | 6000 | 6000 | 240.4 | 239.28 | 239.22 | 239.63 | 0.766667 | 0.353333 | 0.413333 | 0.319933
8000 | 8000 | 8000 | 240.22 | 239.13 | 239.12 | 239.49 0.73 0.36 0.37 | 0.304814
9999 | 9999 | 9999 | 240.12 | 239.04 | 238.99 | 239.38 | 0.736667 | 0.343333 | 0.393333 | 0.307735
PV supply = 5491W
Balance Load Va Vb Vc Vage | Vdeva | Vdevb | Vdevc | %VUF
0 0 0| 242.86 | 239.65 | 239.6 | 240.7 | 2.156667 | 1.053333 | 1.103333 | 0.895985
2000 | 2000 | 2000 | 241.25 | 239.56 | 239.38 | 240.06 | 1.186667 | 0.503333 | 0.683333 | 0.494314
4000 | 4000 | 4000 | 241.06 | 239.4 | 239.3 | 239.92 1.14 0.52 0.62 | 0.475158
6000 | 6000 | 6000 | 240.98 | 239.28 | 239.22 | 239.83 | 1.153333 | 0.546667 | 0.606667 | 0.480903
8000 | 8000 | 8000 | 240.83 | 239.17 | 239.11 | 239.7 | 1.126667 | 0.533333 | 0.593333 | 0.470025
9999 | 9999 | 9999 | 240.63 | 239.04 | 238.98 | 239.55 1.08 0.51 0.57 | 0.450845
PV supply = 7035W
Balance Load Va Vb Vc Vage | Vdeva | Vdevb | Vdevc | %VUF
0 0 0| 243.98 | 239.7 | 239.64 | 241.11 | 2.873333 | 1.406667 | 1.466667 | 1.191727
2000 | 2000 | 2000 | 242.02 | 239.62 | 239.34 | 240.33 | 1.693333 | 0.706667 | 0.986667 | 0.704597
4000 | 4000 | 4000 | 241.7 | 239.41 | 239.26 | 240.12 | 1.576667 | 0.713333 | 0.863333 | 0.656607
6000 | 6000 | 6000 | 241.72 | 239.32 | 239.2 | 240.08 1.64 0.76 0.88 | 0.683106
8000 | 8000 | 8000 | 241.55 | 239.19 | 239.09 | 239.94 | 1.606667 | 0.753333 | 0.853333 | 0.669603
9999 | 9999 | 9999 | 241.39 | 239.06 | 238.98 | 239.81 1.58 0.75 0.83 | 0.658855




Unbalanced load with PV at the same phase
PV supply = 2072W

Balance Load Va Vb Vc Vage | Vdeva | Vdevb | Vdevc | %VUF
0| 0| 0| 24003 | 239.55 | 239.54 | 239.71 | 0.323333 | 0.156667 | 0.166667 | 0.134887
2000 | 0 | 0 | 239.72 | 239.52 | 239.56 | 239.6 0.12 0.08 0.04 | 0.050083
4000 | 0 | 0 | 239.63 | 239.52 | 239.56 | 239.57 0.06 0.05 0.01 | 0.025045
6000 | 0 | 0 | 239.51 | 239.52 | 239.56 | 239.53 0.02 0.01 0.03 | 0.012525
8000 | 0 | 0 | 239.39 | 239.51 | 239.57 | 239.49 0.1 0.02 0.08 | 0.041755
9999 | 0 | 0 | 239.26 | 239.5 | 239.58 | 239.45 | 0.186667 | 0.053333 | 0.133333 | 0.077958
PV supply = 4151W
Balance Load Va Vb Vc Vage | Vdeva | Vdevb | Vdevc | %VUF
0| 0|0 |241.38 | 239.57 | 239.56 | 240.17 1.21 0.6 0.61 | 0.50381
2000 | 0 | O | 240.64 | 239.53 | 239.56 | 239.91 0.73 0.38 0.35 | 0.304281
4000 | 0 | O | 240.47 | 239.51 | 239.57 | 239.85 0.62 0.34 0.28 | 0.258495
6000 | 0 | O | 240.35 | 239.53 | 239.58 | 239.82 0.53 0.29 0.24 | 0.220999
8000 | 0 | O | 240.16 | 239.51 | 239.58 | 239.75 0.41 0.24 0.17 | 0.171011
9999 | 0 | 0 | 240.03 | 239.5 | 239.58 | 239.7 | 0.326667 | 0.203333 | 0.123333 | 0.13628
PV supply = 5491W
Balance Load Va Vb Vc Vage | Vdeva | Vdevb | Vdevc | %VUF
0| 0| 0| 241.69 | 239.62 | 239.49 | 240.27 | 1.423333 | 0.646667 | 0.776667 | 0.592397
2000 | 0 | O | 241.09 | 239.51 | 239.59 | 240.06 | 1.026667 | 0.553333 | 0.473333 | 0.427665
4000 | 0 | 0 | 240.99 | 239.5 | 239.57 | 240.02 0.97 0.52 0.45 | 0.404133
6000 | 0 | O | 240.93 | 239.52 | 239.6 | 240.02 | 0.914333 | 0.495667 | 0.418667 | 0.380947
8000 | 0 | O | 240.78 | 239.52 | 239.59 | 239.96 | 0.816667 | 0.443333 | 0.373333 | 0.34033
9999 | 0 | 0 | 240.62 | 239.51 | 239.59 | 239.91 | 0.713333 | 0.396667 | 0.316667 | 0.297338
PV supply = 7035W
Balance Load Va Vb Vc Vage | Vdeva | Vdevb | Vdevc | %VUF
0| 0|0 |243.16 | 239.69 | 239.49 | 240.78 2.38 1.09 1.29 | 0.988454
2000 | 0 | O | 241.98 | 239.54 | 239.6 | 240.37 | 1.606667 | 0.833333 | 0.773333 | 0.668405
4000 | 0 | 0 | 241.79 | 239.53 | 239.63 | 240.32 | 1.473333 | 0.786667 | 0.686667 | 0.61308
6000 | 0 | O | 241.64 | 239.55 | 239.61 | 240.27 | 1.373333 | 0.716667 | 0.656667 | 0.571587
8000 | 0 | O | 241.5| 239.53 | 239.59 | 240.21 | 1.293333 | 0.676667 | 0.616667 | 0.538425
9999 | 0 | 0 | 241.35 | 239.52 | 239.59 | 240.15 | 1.196667 | 0.633333 | 0.563333 | 0.498293

62



Unbalanced load with PV at the difference phase
PV supply = 2072W

Balance Load Va Vb Vc Vage | Vdeva | Vdevb | Vdevc | %VUF
0 0 0 | 239.99 | 239.58 | 239.52 | 239.7 | 0.293333 | 0.116667 | 0.176667 | 0.122377
0| 2000 | 2000 | 240.12 | 239.65 | 239.28 | 239.68 | 0.436667 | 0.033333 | 0.403333 | 0.182185
0| 4000 | 4000 | 239.99 | 239.49 | 239.21 | 239.56 | 0.426667 | 0.073333 | 0.353333 | 0.178102
0| 6000 | 6000 | 239.95 | 239.46 | 239.02 | 239.48 | 0.473333 | 0.016667 | 0.456667 | 0.197653
0| 8000 | 8000 | 239.89 | 239.42 | 238.81 | 239.37 | 0.516667 | 0.046667 | 0.563333 | 0.235337
0| 9999 | 9999 | 240.06 | 239.31 | 238.72 | 239.36 | 0.696667 | 0.053333 | 0.643333 | 0.29105
PV supply = 4151W
Balance Load Va Vb Vc Vage | Vdeva | Vdevb | Vdevc | %VUF
0 0 0| 241.8 | 239.61 | 239.56 | 240.32 | 1.476667 | 0.713333 | 0.763333 | 0.61445
0| 2000 | 2000 | 240.88 | 239.68 | 239.18 | 239.91 | 0.966667 | 0.233333 | 0.733333 | 0.402923
0 | 4000 | 4000 | 240.86 | 239.71 | 238.95 | 239.84 1.02 0.13 0.89 | 0.425284
0| 6000 | 6000 | 240.82 | 239.55 | 238.83 | 239.73 | 1.086667 | 0.183333 | 0.903333 | 0.453281
0| 8000 | 8000 | 240.76 | 239.48 | 238.71 | 239.65 1.11 0.17 0.94 | 0.463175
0| 9999 | 9999 | 240.63 | 239.25 | 238.63 | 239.5 | 1.126667 | 0.253333 | 0.873333 | 0.470418
PV supply = 5491W
Balance Load Va Vb Vc Vage | Vdeva | Vdevb | Vdevc | %VUF
0 0 0| 242.86 | 239.65 | 239.6 | 240.7 | 2.156667 | 1.053333 | 1.103333 | 0.895985
0| 2000 | 2000 | 241.67 | 239.85 | 239.08 | 240.2 1.47 0.35 112 | 0.61199
0| 4000 | 4000 | 241.34 | 239.7 | 238.95 240 | 1.343333 | 0.296667 | 1.046667 | 0.55973
0| 6000 | 6000 | 241.39 | 239.63 | 238.81 | 239.94 | 1.446667 | 0.313333 | 1.133333 | 0.60292
0| 8000 | 8000 | 241.49 | 239.55 | 238.69 | 239.91 1.58 0.36 1.22 | 0.65858
0| 9999 | 9999 | 241.44 | 239.43 | 238.55 | 239.81 | 1.633333 | 0.376667 | 1.256667 | 0.681104
PV supply = 7035W
Balance Load Va Vb Vc Vage | Vdeva | Vdevb | Vdevc | %VUF
0 0 0| 243.98 | 239.7 | 239.64 | 241.11 | 2.873333 | 1.406667 | 1.466667 | 1.191727
0| 2000 | 2000 | 242.23 | 239.89 | 239.02 | 240.38 1.85 0.49 1.36 | 0.769615
0| 4000 | 4000 | 242.14 | 239.89 | 238.76 | 240.26 | 1.876667 | 0.373333 | 1.503333 | 0.781087
0| 6000 | 6000 | 242.06 | 239.72 | 238.71 | 240.16 | 1.896667 | 0.443333 | 1.453333 | 0.78974
0| 8000 | 8000 | 242.01 | 239.62 | 238.54 | 240.06 | 1.953333 | 0.436667 | 1.516667 | 0.813697
0| 9999 | 9999 | 241.89 | 239.45 | 238.41 | 239.92 | 1.973333 | 0.466667 | 1.506667 | 0.822508
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Dynamic PV with balanced load
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Load =0
PV output | Balance load | Va Vb Vc Vage | Vdeva | Vdevb | Vdevc | %VUF
145 | 0| 0| 0| 23552 | 236.26 | 236.18 | 235.9867 | 0.466667 | 0.273333 | 0.193333 | 0.197751
110 0 0 0 239.51 239.52 239.53 239.52 0.01 2.84E-14 0.01 | 0.004175
851 | 0| 0| o] 239.6| 239.51 | 239.59 | 239.5667 | 0.033333 | 0.056667 | 0.023333 | 0.023654
2072 0 0 0 240.07 239.57 239.53 | 239.7233 | 0.346667 | 0.153333 | 0.193333 | 0.144611
3242 0 0 0 240.63 239.59 239.51 239.91 0.72 0.32 0.4 | 0.300113
4376 | 0| 0| 0| 24114 | 23957 | 2395 | 240.07 1.07 0.5 0.57 | 0.445703
5492 | 0| 0| 0| 241.94 | 239.62 | 239.55 | 24037 1.57 0.75 0.82 | 0.65316
6596 | 0| 0| 0| 242066 | 239.67 | 239.51 | 240.6133 | 2.046667 | 0.943333 | 1.103333 | 0.850604
7697 | 0| 0| 0| 243.03 | 239.62 | 239.47 | 240.7067 | 2.323333 | 1.086667 | 1.236667 | 0.965214
7697 | 0| o 0| 243.03| 239.62 | 239.47 | 240.7067 | 2.323333 | 1.086667 | 1.236667 | 0.965214
6596 | 0| 0| 0| 242066 | 239.67 | 239.51 | 240.6133 | 2.046667 | 0.943333 | 1.103333 | 0.850604
5492 | 0| 0| 0| 242.09 | 239.63 | 239.57 | 240.43 1.66 0.8 0.86 | 0.69043
4376 | 0| 0| 0| 24114 | 23957 | 2395 | 240.07 1.07 0.5 0.57 | 0.445703
3242| 0| 0| o0 24063 | 23959 | 239.51 | 239.91 0.72 0.32 0.4 | 0300113
2072 | o] o o] 24007 | 239.57 | 239.53 | 239.7233 | 0.346667 | 0.153333 | 0.193333 | 0.144611
851 | 0| o] 0| 2396 | 239.51 | 239.59 | 239.5667 | 0.033333 | 0.056667 | 0.023333 | 0.023654
110 | 0| 0| 0| 23953 | 239.54 | 239.55 | 239.54 0.01 0 0.01 | 0.004175
228| 0| o o 23839 | 239.53 | 23953 | 239.15 0.76 0.38 0.38 | 0317792
Load = 2000
PV Vdev | Vdev
output | Balance load Va Vb Vc Vage a b Vdev ¢ | %VUF
2351 | 236.1 | 236.0 0.27989
145 | 2000 | 2000 | 2000 4 7 9 235.8 0.66 0.37 0.29 8
239.1 239.4 239.4 0.06267
110 | 2000 | 2000 | 2000 9 2 1| 23934 0.15 0.08 0.07 2
2394 | 239.4 | 239.4 | 239.443 | 0.01333 | 0.01666 | 0.00333 | 0.00696
851 | 2000 | 2000 | 2000 3 6 4 3 3 7 3 1
239.8 239.573 | 0.24666 | 0.07333 | 0.17333 | 0.10296
2072 | 2000 | 2000 | 2000 2| 2395 | 2394 3 7 3 3 1
240.2 | 239.4 | 239.4 | 239.723 | 0.54666 | 0.27333 | 0.27333 | 0.22804
3242 | 2000 | 2000 | 2000 7 5 5 3 7 3 3 1
240.6 | 239.4 | 239.4 | 239.863 | 0.82666 | 0.37333 | 0.45333 | 0.34464
4376 | 2000 | 2000 | 2000 9 9 1 3 7 3 3 1
2412 | 2395 | 239.8 | 240.213 | 1.04666 | 0.65333 | 0.39333 | 0.43572
5492 | 2000 | 2000 | 2000 6 6 2 3 7 3 3 4
2419 | 2395 | 2394 | 240333 | 1.65666 | 0.74333 | 0.91333
6596 | 2000 | 2000 | 2000 9 9 2 3 7 3 3| 0.68932
2422 | 2396 | 2393 | 240386 | 1.83333 | 0.76666 | 1.06666
7697 | 2000 | 2000 | 2000 2 2 2 7 3 7 7 | 0.76266
2422 | 2396 | 2393 | 240386 | 1.83333 | 0.76666 | 1.06666
7697 | 2000 | 2000 | 2000 2 2 2 7 3 7 7 | 0.76266
2419 | 2395 | 239.4 | 240333 | 1.65666 | 0.74333 | 0.91333
6596 | 2000 | 2000 | 2000 9 9 2 3 7 3 3 | 068932
2412 | 2395 | 2393 | 240.066 | 1.19333 | 0.50666 | 0.68666 | 0.49708
5492 | 2000 | 2000 | 2000 6 6 8 7 3 7 7 4
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240.6 | 239.4 | 239.4 | 239.863 | 0.82666 | 0.37333 | 0.45333 | 0.34464
4376 | 2000 | 2000 | 2000 9 9 1 3 7 3 3 1
2402 | 239.4 | 2394 0.22943
3242 | 2000 | 2000 | 2000 7 5 4 239.72 0.55 0.27 0.28 4
239.8 | 239.4 0.10435
2072 | 2000 | 2000 | 2000 2 9 | 239.4 239.57 0.25 0.08 0.17 4
239.4 | 239.4 | 239.4 | 239.443 | 0.01333 | 0.01666 | 0.00333 | 0.00696
851 | 2000 | 2000 | 2000 3 6 4 3 3 7 3 1
239.2 | 239.4 | 239.4 | 239363 | 0.15333 | 0.07666 | 0.07666 | 0.06405
110 | 2000 | 2000 | 2000 1 4 4 3 3 7 7 9
238.2 | 239.4 | 239.4 | 239.053 | 0.76333 | 0.37666 | 0.38666 | 0.31931
228 | 2000 | 2000 | 2000 9 3 4 3 3 7 7 5
Load = 4000
PV Vdev Vdev
output | Balance load Va Vb Vc Vage a b Vdev c | %VUF
2350 | 236.0 | 2359 0.27577
145 | 4000 | 4000 | 4000 5 6 9 235.7 0.65 0.36 0.29 4
239.0 | 2393 | 239.3 0.06687
110 | 4000 | 4000 | 4000 8 2 2 239.24 0.16 0.08 0.08 8
239.2 | 2393 | 2393 | 239316 | 0.03666 | 0.01333 | 0.02333 | 0.01532
851 | 4000 | 4000 | 4000 8 3 4 7 7 3 3 1
239.6 | 2393 | 239.3 0.07517
2072 | 4000 | 4000 | 4000 1 6 2 239.43 0.18 0.07 0.11 9
2400 | 2393 | 239.3
3242 | 4000 | 4000 | 4000 9 6 2 239.59 0.5 0.23 0.27 | 0.20869
2405 | 2393 239.716 | 0.79333 | 0.37666 | 0.41666 | 0.33094
4376 | 4000 | 4000 | 4000 1 4| 2393 7 3 7 7 6
241.0 0.47515
5492 | 4000 | 4000 | 4000 6 | 239.4 | 2393 239.92 1.14 0.52 0.62 8
241.4 | 2393 0.59159
6596 | 4000 | 4000 | 4000 5 4| 2393 240.03 1.42 0.69 0.73 3
2419 | 239.4 | 239.2 0.73263
7697 | 4000 | 4000 | 4000 9 3 7 240.23 1.76 0.8 0.96 1
2419 | 239.4 | 239.2 0.73263
7697 | 4000 | 4000 | 4000 9 3 7 240.23 1.76 0.8 0.96 1
2414 | 2393 0.59159
6596 | 4000 | 4000 | 4000 5 4| 2393 240.03 1.42 0.69 0.73 3
241.0 0.47515
5492 | 4000 | 4000 | 4000 6| 239.4 | 2393 239.92 1.14 0.52 0.62 8
240.5 | 2393 239.716 | 0.79333 | 0.37666 | 0.41666 | 0.33094
4376 | 4000 | 4000 | 4000 1 4| 2393 7 3 7 7 6
2400 | 2393 | 2393
3242 | 4000 | 4000 | 4000 9 6 2 239.59 0.5 0.23 0.27 | 0.20869
239.6 | 2393 | 239.3 0.07517
2072 | 4000 | 4000 | 4000 1 6 2 239.43 0.18 0.07 0.11 9
239.2 | 2393 | 2393 | 239316 | 0.03666 | 0.01333 | 0.02333 | 0.01532
851 | 4000 | 4000 | 4000 8 3 4 7 7 3 3 1
239.3 | 2393 0.06687
110 | 4000 | 4000 | 4000 | 239.1 4 4 239.26 0.16 0.08 0.08 3
239.3 | 239.3 | 238956 | 0.75666 | 0.37333 | 0.38333 | 0.31665
228 | 4000 | 4000 | 4000 | 238.2 3 4 7 7 3 3 4




66

Load = 6000
PV Vdev | Vdev
output | Balance load Va Vb Vc Vage a b Vdev c | %VUF
2349 | 2359 | 2358 0.27589
145 | 6000 | 6000 | 6000 5 6 9 2356 0.65 0.36 0.29 1
2389 | 239.2 | 239.2 | 239.133 | 0.16333 | 0.07666 | 0.08666 | 0.06830
110 | 6000 | 6000 | 6000 7 1 2 3 3 7 7 2
239.1 | 239.2 | 239.2 | 239.223 | 0.03333 | 0.00666 | 0.02666 | 0.01393
851 | 6000 | 6000 | 6000 9 3 5 3 3 7 7 4
239.5 | 239.2 | 239.2 | 239.336 | 0.19333 | 0.08666 | 0.10666 | 0.08077
2072 | 6000 | 6000 | 6000 3 5 3 7 3 7 7 9
239.9 | 2392 | 239.2 0.19626
3242 | 6000 | 6000 | 6000 4 5 2| 23947 0.47 0.22 0.25 7
2404 | 2392 | 239.2 | 239.656 | 0.81333 | 0.38666 | 0.42666 | 0.33937
4376 | 6000 | 6000 | 6000 7 7 3 7 3 7 7 4
2409 | 2392 | 239.2 0.47950
5492 | 6000 | 6000 | 6000 8 9 2| 239.83 1.15 0.54 0.61 6
2415 | 239.3 240.006 | 150333 | 0.69666 | 0.80666 | 0.62637
6596 | 6000 | 6000 | 6000 1 1] 239.2 7 3 7 7 1
2417 | 2392 | 239.1 0.70396
7697 | 6000 | 6000 | 6000 6 6 9| 24007 1.69 0.81 0.88 1
2417 | 2392 | 2391 0.70396
7697 | 6000 | 6000 | 6000 6 6 9| 24007 1.69 0.81 0.88 1
2415 | 239.3 240.006 | 1.50333 | 0.69666 | 0.80666 | 0.62637
6596 | 6000 | 6000 | 6000 1 1| 2392 7 3 7 7 1
2409 | 2392 | 2392 0.47950
5492 | 6000 | 6000 | 6000 8 9 2| 239.83 1.15 0.54 0.61 6
2404 | 239.2 | 239.2 | 239.656 | 0.81333 | 0.38666 | 0.42666 | 0.33937
4376 | 6000 | 6000 | 6000 7 7 3 7 3 7 7 4
239.9 | 2392 | 2392 0.19626
3242 | 6000 | 6000 | 6000 4 5 2| 23947 0.47 0.22 0.25 7
239.5 | 239.2 | 239.2 | 239.336 | 0.19333 | 0.08666 | 0.10666 | 0.08077
2072 | 6000 | 6000 | 6000 3 5 3 7 3 7 7 9
239.1 | 239.2 | 239.2 | 239.223 | 0.03333 | 0.00666 | 0.02666 | 0.01393
851 | 6000 | 6000 | 6000 9 3 5 3 3 7 7 4
2389 | 239.2 | 239.2 | 239.153 | 0.16333 | 0.07666 | 0.08666 | 0.06829
110 | 6000 | 6000 | 6000 9 3 4 3 3 7 7 6
239.2 | 239.2 | 238.853 | 0.75333 | 0.36666 | 0.38666 | 0.31539
228 | 6000 | 6000 | 6000 | 238.1 2 4 3 3 7 7 6
Load = 8000
PV Vdev | Vdev
output | Balance load Va Vb Vc Vage a b Vdev c | %VUF
2348 | 2358 | 2357 | 235493 | 0.65333 | 0.35666 | 0.29666 | 0.27743
145 | 8000 | 8000 | 8000 4 5 9 3 3 7 7 2
2388 | 239.1 | 239.1 | 239.036 | 0.14666 | 0.07333 | 0.07333 | 0.06135
110 | 8000 | 8000 | 8000 9 1 1 7 7 3 3 7
239.0 | 239.1 | 239.1 | 239.113 | 0.03333 | 0.00666 | 0.02666
851 | 8000 | 8000 | 8000 8 2 4 3 3 7 7 | 001394
2394 | 239.1 | 239.1 0.08360
2072 | 8000 | 8000 | 8000 3 3 3| 23923 0.2 0.1 0.1 2
239.8 | 239.1 | 239.1 0.20052
3242 | 8000 | 8000 | 8000 5 4 2| 23937 0.48 0.23 0.25 6
2403 | 239.1 | 239.1 | 239523 | 0.79666 | 0.39333 | 0.40333 | 0.33260
4376 | 8000 | 8000 | 8000 2 3 2 3 7 3 3 5
2408 | 239.1 | 239.1 | 239.703 | 1.12666 | 0.53333 | 0.59333 | 0.47002
5492 | 8000 | 8000 | 8000 3 7 1 3 7 3 3 5
2413 | 239.1 | 239.0 0.61283
6596 | 8000 | 8000 | 8000 4 8 9| 23987 1.47 0.69 0.78 2
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241.8 | 239.1 | 239.0 | 240.026 | 1.78333 | 0.84666 | 0.93666 | 0.74297
7697 8000 8000 8000 1 8 9 7 3 7 7 3
241.8 239.1 239.0 240.026 1.78333 0.84666 0.93666 0.74297
7697 | 8000 | 8000 | 8000 1 8 9 7 3 7 7 3
2413 | 239.1 | 2390 0.61283
6596 8000 8000 8000 4 8 9 239.87 1.47 0.69 0.78 2
240.8 239.1 239.1 239.703 1.12666 0.53333 0.59333 0.47002
5492 | 8000 | 8000 | 8000 3 7 1 3 7 3 3 5
2403 | 239.1 | 239.1 | 239523 | 0.79666 | 0.39333 | 0.40333 | 0.33260
4376 8000 8000 8000 2 3 2 3 7 3 3 5
239.8 239.1 239.1 0.20052
3242 | 8000 | 8000 | 8000 5 4 2 239.37 0.48 0.23 0.25 6
239.4 | 239.1 | 2391 0.08360
2072 8000 8000 8000 3 3 3 239.23 0.2 0.1 0.1 2
239.0 | 239.1 | 239.1 | 239.113 | 0.03333 | 0.00666 | 0.02666
851 | 8000 | 8000 | 8000 8 2 4 3 3 7 7 | 0.01394
238.8 | 239.1 | 239.1 | 239.046 | 0.16666 | 0.08333 | 0.08333 | 0.06972
110 | 8000 | 8000 | 8000 8 3 3 7 7 3 3 1
237.9 | 239.1 | 239.1 | 238746 | 0.75666 | 0.36333 | 0.39333 | 0.31693
228 | 8000 | 8000 | 8000 9 1 4 7 7 3 3 3
Load = 10000
PV Vdev Vdev
output | Balance load Va Vb Vc Vage a b Vdev ¢ | %VUF
2347 | 2357 | 2356 | 235386 | 0.64666 | 0.35333 | 0.29333 | 0.27472
145 | 9999 | 9999 | 9999 4 4 8 7 7 3 3 5
2387 | 2389 238.913 | 0.16333 | 0.07666 | 0.08666 | 0.06836
110 | 9999 | 9999 | 9999 5 9 239 3 3 7 7 5
238.9 | 239.0 | 239.0 | 239.003 | 0.02333 | 0.00666 | 0.01666 | 0.00976
851 | 9999 | 9999 | 9999 8 1 2 3 3 7 7 3
239.3 | 239.0 | 239.0 | 239.116 | 0.20333 | 0.09666 | 0.10666 | 0.08503
2072 | 9999 | 9999 | 9999 2 2 1 7 3 7 7 5
239.7 | 239.0 0.20479
3242 | 9999 | 9999 | 9999 5 3 239 239.26 0.49 0.23 0.26 8
240.1 | 239.0 | 2389 | 239.403 | 0.78666 | 0.37333 | 0.41333 | 0.32859
4376 | 9999 | 9999 | 9999 9 3 9 3 7 3 3 5
2406 | 239.0 | 2389 0.45084
5492 | 9999 | 9999 | 9999 3 4 8 239.55 1.08 0.51 0.57 5
2412 | 239.0 | 2389 | 239.763 | 1.47666 | 0.69333 | 0.78333 | 0.61588
6596 | 9999 | 9999 | 9999 4 7 8 3 7 3 3 5
241.6 | 239.0 | 2389 | 239.903 | 1.76666 | 0.84333 | 0.92333 | 0.73640
7697 | 9999 | 9999 | 9999 7 6 8 3 7 3 3 8
2416 | 239.0 | 2389 | 239.903 | 1.76666 | 0.84333 | 0.92333 | 0.73640
7697 | 9999 | 9999 | 9999 7 6 8 3 7 3 3 8
2412 | 239.0 | 2389 | 239.763 | 1.47666 | 0.69333 | 0.78333 | 0.61588
6596 | 9999 | 9999 | 9999 4 7 8 3 7 3 3 5
240.6 | 239.0 | 2389 0.45084
5492 | 9999 | 9999 | 9999 3 4 8 239.55 1.08 0.51 0.57 5
240.1 | 239.0 | 2389 | 239.403 | 0.78666 | 0.37333 | 0.41333 | 0.32859
4376 | 9999 | 9999 | 9999 9 3 9 3 7 3 3 5
239.7 | 239.0 0.20479
3242 | 9999 | 9999 | 9999 5 3 239 239.26 0.49 0.23 0.26 8
239.3 | 239.0 | 239.0 | 239.116 | 0.20333 | 0.09666 | 0.10666 | 0.08503
2072 | 9999 | 9999 | 9999 2 2 1 7 3 7 7 5
238.9 | 239.0 | 239.0 | 239.003 | 0.02333 | 0.00666 | 0.01666 | 0.00976
851 | 9999 | 9999 | 9999 8 1 2 3 3 7 7 3
238.7 | 239.0 | 239.0 | 238936 | 0.16666 | 0.08333 | 0.08333 | 0.06975
110 | 9999 | 9999 | 9999 7 2 2 7 7 3 3 3
237.8 239.0 0.31428
228 | 9999 | 9999 | 9999 9 239 3 238.64 0.75 0.36 0.39 1
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Load = 2000
PV
outp
ut Unbalance load | Va Vb Vc Vage |Vdeva |Vdevb | Vdevc | %VUF
0.30526
145 | 2000 0 0| 235.14 | 236.25 | 236.19 235.86 0.72 0.39 0.33 6
0.09189
110 | 2000 0 0| 239.18 239.5 | 239.52 239.4 0.22 0.1 0.12 6
239.503 0.05666 | 0.03479
851 | 2000 0 0| 239.42 | 239.53 | 239.56 3 | 0.083333 | 0.026667 7 4
239.596 0.04666 | 0.05147
2072 | 2000 0 0| 239.72 | 239.52 | 23955 7 | 0.123333 | 0.076667 7 5
239.753 0.19333 | 0.19047
3242 | 2000 0 0 | 24021 | 239.49 | 239.56 3| 0.456667 | 0.263333 3 4
0.31675
4376 | 2000 0 0 | 24069 | 239.54 | 239.56 239.93 0.76 0.39 0.37 9
240.086 0.49666 | 0.44706
5492 | 2000 0 0| 241.16 | 239.51 | 239.59 7 | 1.073333 | 0.576667 7 1
240.263 0.78333 | 0.61044
6596 | 2000 0 0| 24173 | 239.58 | 239.48 3 | 1.466667 | 0.683333 3 1
0.73208
7697 | 2000 0 0| 24217 | 23955 | 239.51 240.41 1.76 0.86 0.9 3
240.413 0.87333 | 0.71404
7697 | 2000 0 0 | 24213 | 23957 | 239.54 3| 1.716667 | 0.843333 3 8
240.263 0.78333 | 0.61044
6596 | 2000 0 0| 24173 | 239.58 | 239.48 3 | 1.466667 | 0.683333 3 1
240.086 0.49666 | 0.44706
5492 | 2000 0 0| 241.16 | 239.51 | 239.59 7 | 1.073333 | 0.576667 7 1
239.926 0.36666 | 0.31398
4376 | 2000 0 0 | 240.68 | 239.54 | 239.56 7 | 0.753333 | 0.386667 7 5
239.753 0.19333 | 0.19047
3242 | 2000 0 0 | 24021 | 239.49 | 239.56 3| 0.456667 | 0.263333 3 4
239.596 0.04666 | 0.05147
2072 | 2000 0 0| 239.72 | 239.52 | 23955 7 | 0.123333 | 0.076667 7 5
239.503 0.05666 | 0.03479
851 | 2000 0 0| 239.42 | 239.53 | 239.56 3 | 0.083333 | 0.026667 7 4
239.423 0.11666 | 0.08910
110 | 2000 0 0| 239.21 | 239.52 | 239.54 3| 0.213333 | 0.096667 7 3
239.116 0.41333 | 0.34153
228 | 2000 0 0 238.3 | 239.52 | 239.53 7 | 0.816667 | 0.403333 3 5
Load = 4000
PV Unbalance
output | load Va Vb Vc Vage | Vdeva | Vdevb | Vdevc | %VUF
235.82 0.36333 | 0.33357
145 | 4000 0 235.04 | 236.25 | 236.19 67 | 0.786667 | 0.423333 3 8
239.36 0.16666 | 0.12254
110 | 4000 0 239.07 | 239.49 | 239.53 33 | 0.293333 | 0.126667 7 7
0.07099
851 | 4000 0 239.28 | 239.51 | 239.56 | 239.45 0.17 0.06 0.11 6
239.58 0.02333 | 0.02782
2072 | 4000 0 239.65 | 239.54 | 239.56 33 | 0.066667 | 0.043333 3 6
239.73 0.17333 | 0.15711
3242 | 4000 0 24011 | 239.53 | 239.56 33 | 0.376667 | 0.203333 3 9
239.89 0.31666 | 0.28484
4376 | 4000 0 24058 | 239.53 | 239.58 67 | 0.683333 | 0.366667 7 5
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240.05 0.46333 | 0.41935

5492 4000 0 241.06 239.51 239.59 33 1.006667 0.543333 3 1

0.58275

6596 | 4000 | 0 241.64 | 239.49 | 239.59 | 240.24 1.4 0.75 0.65 1

0.66164

7697 4000 0 241.9 239.51 239.52 240.31 1.59 0.8 0.79 5

0.66164

7697 | 4000 | 0 241.9 | 239.51 | 239.52 | 24031 1.59 0.8 0.79 5

0.58275

6596 4000 0 241.64 239.49 239.59 240.24 1.4 0.75 0.65 1

240.05 0.46333 0.41935

5492 | 4000 | 0 241.06 | 239.51 | 239.59 33 | 1.006667 | 0.543333 3 1

239.89 0.31666 | 0.28484

4376 4000 0 240.58 239.53 239.58 67 0.683333 0.366667 7 5

239.73 0.16666 | 0.15572

3242 | 4000 | O 240.11 | 239.53 | 239.57 67 | 0373333 | 0.206667 7 6

239.58 0.02333 | 0.02782

2072 | 4000 | © 239.65 | 239.54 | 239.56 33 | 0.066667 | 0.043333 3 6

0.07099

851 | 4000 | 0 239.28 | 239.51 | 239.56 | 239.45 0.17 0.06 0.11 6

239.38 0.16333 | 0.12392

110 | 4000 | © 239.09 | 239.52 | 239.55 67 | 0.296667 | 0.133333 3 8

239.08 0.45666 | 0.37364

228 | 4000 | 0 238.19 | 239.52 | 239.54 33 | 0.893333 | 0.436667 7 9

Load = 6000

PV Unbalance

output | load Va Vb Vc Vage Vdeva | Vdevb | Vdevc | %VUF

235.766 0.40333 | 0.37183

145 6000 | 0 234.89 | 236.24 | 236.17 7 | 0876667 | 0.473333 3 7

239.323 0.20666 | 0.15599

110 6000 | O 238.95 | 239.49 | 239.53 3| 0373333 | 0.166667 7 5

239.413 0.14666 | 0.10163

851 6000 | O 239.17 | 239.51 | 239.56 3 | 0.243333 | 0.096667 7 7

0.01252

2072 6000 | 0 239.51 | 239.52 | 239.56 | 239.53 0.02 0.01 0.03 5

239.663 0.10333 | 0.10709

3242 6000 | O 239.92 | 239.51 | 239.56 3| 0.256667 | 0.153333 3 5

0.24600

4376 6000 | 0 240.42 | 2395 | 239.57 | 239.83 0.59 0.33 0.26 8

0.38333

5492 6000 | O 240.92 | 2395 | 239.58 240 0.92 0.5 0.42 3

240.153 0.58333 | 0.51078

6596 6000 | 0 241.38 | 239.51 | 239.57 3| 1.226667 | 0.643333 3 5

240.323 0.71333 | 0.63525

7697 6000 | 0 241.85 | 239.51 | 239.61 3| 1526667 | 0.813333 3 5

7697 6000 | 0 241.9 | 23951 | 239.61 | 240.34 1.56 0.83 0.73 | 0.64908

240.153 0.58333 | 0.51078

6596 6000 | 0 241.38 | 239.51 | 239.57 3 | 1.226667 | 0.643333 3 5

0.38333

5492 6000 | 0 240.92 | 239.5 | 239.58 240 0.92 0.5 0.42 3

0.24600

4376 6000 | 0 240.42 | 239.5 | 239.57 | 239.83 0.59 0.33 0.26 8

239.663 0.10333 | 0.10709

3242 6000 | 0 239.92 | 239.51 | 239.56 3| 0256667 | 0.153333 3 5

0.01252

2072 6000 | O 239.51 | 239.52 | 239.56 | 239.53 0.02 0.01 0.03 5

239.413 0.14666 | 0.10163

851 6000 | 0 239.17 | 239.51 | 239.56 3| 0243333 | 0.096667 7 7

239.343 0.20666 | 0.15598

110 6000 | 0 238.97 | 239.51 | 239.55 3| 0373333 | 0.166667 7 2
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239.046 0.50333 | 0.40438
zzs‘ sooo‘ o‘ o‘ 238.08‘ 239.51‘ 239.55‘ 7‘ 0.966667‘ 0.463333‘ 3‘ 4
Load = 8000

PV Unbalance

output | load Va Vb Vc Vage Vdeva | Vdevb | Vdevc | %VUF

0.40156

145 | 8000 | O 234.8 | 23623 | 236.21 | 2357467 | 0.946667 | 0.483333 | 0.463333 1

0.19224

110 | 8000 | O 238.82 | 239.48 | 239.54 239.28 0.46 0.2 0.26 3

0.13786

851 | 8000 | 0 239.04 | 2395 | 239.57 239.37 0.33 0.13 0.2 2

0.04314

2072 | 8000 | 0 239.38 | 239.51 | 239.56 | 239.4833 | 0.103333 | 0.026667 | 0.076667 8

0.07511

3242 | 8000 | O 239.81 | 239.51 | 239.57 239.63 0.18 0.12 0.06 6

0.20713

4376 | 8000 | 0 240.28 | 239.5 | 239.57 | 239.7833 | 0.496667 | 0.283333 | 0.213333 1

0.33341

5492 | 8000 | © 240.74 | 239.51 | 239.57 239.94 0.8 0.43 0.37 7

0.49277

6596 | 8000 | 0 241.32 | 239.52 | 239.57 | 240.1367 | 1.183333 | 0.616667 | 0.566667 5

0.61178

7697 | 8000 | © 241.75 | 239.52 | 239.57 240.28 1.47 0.76 0.71 6

0.61178

7697 | 8000 | 0 241.75 | 239.52 | 239.57 240.28 1.47 0.76 0.71 6

0.49277

6596 | 8000 | 0 241.32 | 239.52 | 239.57 | 240.1367 | 1.183333 | 0.616667 | 0.566667 5

0.33341

5492 | 8000 | 0 240.74 | 239.51 | 239.57 239.94 0.8 0.43 0.37 7

0.20713

4376 | 8000 | © 240.28 | 239.5 | 239.57 | 239.7833 | 0.496667 | 0.283333 | 0.213333 1

0.07511

3242 | 8000 | 0 239.81 | 239.51 | 239.57 239.63 0.18 0.12 0.06 6

0.04314

2072 | 8000 | 0 239.38 | 239.51 | 239.56 | 239.4833 | 0.103333 | 0.026667 | 0.076667 8

0.13786

851 | 8000 | O 239.04 | 2395 | 239.57 239.37 0.33 0.13 0.2 2

0.19222

110 | 8000 | O 238.84 | 239.5 | 239.56 239.3 0.46 0.2 0.26 7

0.43653

228 | 8000 | O 237.96 | 239.5 | 239.55 | 239.0033 | 1.043333 | 0.496667 | 0.546667 5

Load = 10000

PV Unbalance

output | load Va Vb Vc Vage Vdeva | Vdevb | Vdevc | %VUF

0.44268

145 | 9999 | 0 234.64 | 236.23 | 236.18 | 235.6833 | 1.043333 | 0.546667 | 0.496667 4

0.23129

110 | 9999 | © 238.68 | 239.48 | 239.54 | 239.2333 | 0.553333 | 0.246667 | 0.306667 4

851 | 9999 | 0 238.91 | 239.5 | 239.57 | 239.3267 | 0.416667 | 0.173333 | 0.243333 | 0.1741

0.07656

2072 | 9999 | 0 239.26 | 239.5 | 239.57 | 239.4433 | 0.183333 | 0.056667 | 0.126667 6

0.04034

3242 | 9999 | 0 239.68 | 239.5 | 239.57 | 239.5833 | 0.096667 | 0.083333 | 0.013333 8

0.16268

4376 | 9999 | 0 24012 | 2395 | 239.57 239.73 0.39 0.23 0.16 3
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0.29318
5492 9999 0 0 240.6 239.51 239.58 239.8967 0.703333 0.386667 0.316667 2
0.44983
6596 9999 0 0 241.17 239.52 239.58 240.09 1.08 0.57 0.51 1
0.58551
7697 9999 0 0 241.65 239.51 239.57 240.2433 1.406667 0.733333 0.673333 7
0.58551
7697 9999 0 0 241.65 239.51 239.57 240.2433 1.406667 0.733333 0.673333 7
0.44983
6596 9999 0 0 241.17 239.52 239.58 240.09 1.08 0.57 0.51 1
0.29318
5492 9999 0 0 240.6 239.51 239.58 239.8967 0.703333 0.386667 0.316667 2
0.16268
4376 9999 0 0 240.12 239.5 239.57 239.73 0.39 0.23 0.16 3
0.04034
3242 9999 0 0 239.68 239.5 239.57 239.5833 0.096667 0.083333 0.013333 8
0.07656
2072 9999 0 0 239.26 239.5 239.57 239.4433 0.183333 0.056667 0.126667 6
851 9999 0 0 238.91 239.5 239.57 239.3267 0.416667 0.173333 0.243333 0.1741
0.22848
110 9999 0 0 238.71 239.5 239.56 239.2567 0.546667 0.243333 0.303333 5
0.47288
228 9999 0 0 237.83 239.49 239.56 238.96 1.13 0.53 0.6 2
Dynamic PV with unbalanced load at difference phase
Load = 2000
PV Unbalance
output | load Va Vb Vc Vage |Vdeva | Vdevb | Vdevc | %VUF
235.826 0.25333 0.25301
145 | O 2000 2000 235.23 236.17 236.08 7 0.596667 0.343333 3 1
239.406 0.00333 0.01531
110 | O 2000 2000 239.37 239.44 239.41 7 0.036667 0.033333 3 6
239.476 0.07666 0.03897
851 | O 2000 2000 239.57 239.46 239.4 7 0.093333 0.016667 7 4
239.616 0.34666 0.14745
2072 | O 2000 2000 239.97 239.61 239.27 7 0.353333 0.006667 7 8
239.696 0.43666 0.23084
3242 | O 2000 2000 240.25 239.58 239.26 7 0.553333 0.116667 7 7
239.913 0.71333 0.39458
4376 | O 2000 2000 240.86 239.68 239.2 3 0.946667 0.233333 3 7
240.136 1.01666 0.55940
5492 | O 2000 2000 241.48 239.81 239.12 7 1.343333 0.326667 7 4
0.74890
6596 | O 2000 2000 242.15 239.81 239.09 240.35 1.8 0.54 1.26 8
240.436 1.44666 0.83736
7697 | O 2000 2000 242.45 239.87 238.99 7 2.013333 0.566667 7 5
240.436 1.44666 0.83736
7697 | O 2000 2000 242 .45 239.87 238.99 7 2.013333 0.566667 7 5
240.286 1.24666 0.71303
6596 | 0 2000 2000 242 239.82 239.04 7 1.713333 0.466667 7 7
240.136 1.01666 0.55940
5492 | O 2000 2000 241.48 239.81 239.12 7 1.343333 0.326667 7 4
0.39598
4376 | O 2000 2000 240.86 239.73 239.14 239.91 0.95 0.18 0.77 2
239.696 0.43666 0.23084
3242 | O 2000 2000 240.25 239.58 239.26 7 0.553333 0.116667 7 7
239.616 0.34666 0.14745
2072 | O 2000 2000 239.97 239.61 239.27 7 0.353333 0.006667 7 8
239.476 0.07666 0.03897
851 | 0 2000 2000 239.57 239.46 239.4 7 0.093333 0.016667 7 4
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239.426 0.00333 | 0.01531
110 | 0| 2000 | 2000 | 239.39 | 239.46 | 239.43 7 | 0.036667 | 0.033333 3 4
239.086 0.34333 | 0.29138
228 | 0| 2000 | 2000 | 23839 | 239.44 | 239.43 7 | 0.696667 | 0.353333 3 7
Load = 4000
PV Unbalance
output | load Va Vb Vc Vage |Vdeva | Vdevb | Vdevc | %VUF
235.756 0.21333 | 0.22339
145 | 0| 4000 | 4000 | 235.23 | 236.07 | 235.97 7 | 0526667 | 0.313333 3 4
239.326 0.03666 | 0.01532
110 | 0| 4000 | 4000 | 239.34 | 239.35 | 239.29 7 | 0013333 | 0.023333 7 1
851 | 0| 4000 | 4000 | 239.5 | 239.34 | 239.33 | 239.39 0.11 0.05 0.06 | 0.04595
2072 | 0| 4000 | 4000 | 239.95 | 239.52 | 239.18 | 239.55 0.4 0.03 037 | 0.16698
239.766 0.66666 | 0.33504
3242 | 0| 4000 | 4000 | 240.57 | 239.63 | 239.1 7 | 0.803333 | 0.136667 7 8
0.37954
4376 | 0| 4000 | 4000 | 240.67 | 239.55 | 239.06 | 239.76 0.91 0.21 0.7 6
240.033 1.11333 | 0.57353
5492 | 0| 4000 | 4000 | 241.41 | 239.77 | 238.92 3| 1376667 | 0.263333 3 1
240.183 1.17333 | 0.71056
6596 | 0| 4000 | 4000 | 241.89 | 239.65 | 239.01 3| 1706667 | 0.533333 3 8
240.386 1.44666 | 0.86249
7697 | 0| 4000 | 4000 | 242.46 | 239.76 | 238.94 7 | 2073333 | 0.626667 7 9
240.386 1.44666 | 0.86249
7697 | 0| 4000 | 4000 | 242.46 | 239.76 | 238.94 7 | 2.073333 | 0.626667 7 9
0.69956
6596 | 0| 4000 | 4000 | 241.83 | 239.76 | 238.86 | 240.15 1.68 0.39 1.29 3
240.033 111333 | 0.57353
5492 | 0| 4000 | 4000 | 241.41 | 239.77 | 238.92 3| 1.376667 | 0.263333 3 1
0.37954
4376 | 0| 4000 | 4000 | 240.67 | 239.55 | 239.06 | 239.76 0.91 0.21 0.7 6
239.766 0.66666 | 0.33504
3242 | 0| 4000 | 4000 | 240.57 | 239.63 | 239.1 7 | 0.803333 | 0.136667 7 8
2072 | 0| 4000 | 4000 | 239.95 | 239.52 | 239.18 | 239.55 0.4 0.03 037 | 0.16698
851 | 0| 4000 | 4000 | 239.5 | 239.34 | 239.33 | 239.39 0.11 0.05 0.06 | 0.04595
239.346 0.03666 | 0.01531
110 | 0| 4000 | 4000 | 239.36 | 239.37 | 239.31 7 | 0013333 | 0.023333 7 9
239.013 0.30666 | 0.26497
228 | 0| 4000 | 4000 | 23838 | 239.34 | 239.32 3| 0633333 | 0.326667 7 8
Load = 6000
PV Unbalance
output | load Va Vb Vc Vage |Vdeva |Vdevb | Vdevc | %VUF
235.686 0.17333
145 | 0| 6000 | 6000 | 235.23 | 235.97 | 235.86 7 | 0456667 | 0.283333 3| 0.19376
239.246 0.07666 | 0.03204
110 | 0| 6000 | 6000 | 239.32 | 239.25 | 239.17 7 | 0073333 | 0.003333 7 5
239.283 0.09333 | 0.05711
851 | 0| 6000 | 6000 | 239.42 | 239.24 | 239.19 3 | 0136667 | 0.043333 3 5
0.18793
2072 | 0| 6000 | 6000 | 239.89 | 239.41 | 239.02 | 239.44 0.45 0.03 0.42 9
239.653 0.73333 | 0.34911
3242 | 0| 6000 | 6000 | 240.49 | 239.55 | 238.92 3 | 0836667 | 0.103333 3 5
239.766 0.79666 | 0.45599
4376 | 0| 6000 | 6000 | 240.86 | 239.47 | 238.97 7 | 1.093333 | 0.296667 7 9
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239.986 1.11666
5492 | O 6000 6000 241.47 239.62 238.87 7 1.483333 0.366667 7 0.61809
240.133 1.35333 0.75652
6596 | 0| 6000 | 6000 | 241.95 | 239.67 | 238.78 3| 1.816667 | 0.463333 3 4
240333 1.48333 | 0.90152
7697 | O 6000 6000 2425 239.65 238.85 3 2.166667 0.683333 3 6
240.333 1.48333 0.90152
7697 | 0| 6000 | 6000 | 2425 | 239.65 | 238.85 3| 2.166667 | 0.683333 3 6
0.79513
6596 | O 6000 6000 242.12 239.66 238.85 240.21 1.91 0.55 1.36 8
0.63330
5492 | 0| 6000 | 6000 | 241.53 | 239.59 | 238.91 240.01 1.52 0.42 1.1 7
239.766 0.79666 | 0.45599
4376 | O 6000 6000 240.86 239.47 238.97 7 1.093333 0.296667 7 9
239.656 0.73666
3242 | 0| 6000 | 6000 | 240.49 | 239.56 | 238.92 7 | 0.833333 | 0.096667 7| 034772
239.436 0.41666 | 0.18515
2072 | 0| 6000 | 6000 | 239.88 | 239.41 | 239.02 7 | 0.443333 | 0.026667 7 7
239.286 0.09666 | 0.05572
851 | 0| 6000 | 6000 | 239.42 | 239.25 | 239.19 7 | 0.133333 | 0.036667 7 1
239.246 0.07666 | 0.03204
110 | 0| 6000 | 6000 | 239.32 | 239.25 | 239.17 7 | 0.073333 | 0.003333 7 5
238.903 0.25666 | 0.24417
228 | 0| 6000 | 6000 | 23832 | 239.23 | 239.16 3 | 0583333 | 0.326667 7 1
Load = 8000
PV Unbalance
output | load Va Vb Vc Vage Vdeva | Vdevb | Vdevc | %VUF
235.606 0.12333 | 0.15987
145 | 0| 8000 | 8000 | 23523 | 235.86 | 235.73 7 | 0376667 | 0.253333 3 1
0.05853
110 | 0| 8000 | 8000 | 239.3 | 239.14 | 239.04 239.16 0.14 0.02 0.12 8
0.09196
851 | 0| 8000 | 8000 | 239.44 | 239.15 | 239.07 239.22 0.22 0.07 0.15 6
0.24225
2072 | 0| 8000 | 8000 240 | 239.4 | 23886 239.42 0.58 0.02 0.56 2
239.573 0.78333 | 0.37845
3242 | 0| 8000 | 8000 | 240.48 | 239.45 | 238.79 3 | 0.906667 | 0.123333 3 1
0.47982
4376 | 0| 8000 | 8000 | 240.82 | 239.36 | 238.83 239.67 1.15 0.31 0.84 6
0.65024
5492 | 0| 8000 | 8000 | 241.47 | 239.52 | 238.74 239.91 1.56 0.39 1.17 4
240.143 1.51333 0.83144
6596 | 0| 8000 | 8000 | 242.14 | 239.66 | 238.63 3| 1.996667 | 0.483333 3 8
240.016 1.40666 | 0.80966
7697 | 0| 8000 | 8000 | 241.96 | 239.48 | 238.61 7 | 1.943333 | 0.536667 7 6
240.016 1.40666 | 0.80966
7697 | 0| 8000 | 8000 | 241.96 | 239.48 | 238.61 7 | 1.943333 | 0.536667 7 6
240.143 1.51333 | 0.83144
6596 | 0| 8000 | 8000 | 242.14 | 239.66 | 238.63 3 | 1.996667 | 0.483333 3 8
0.67511
5492 | 0| 8000 | 8000 | 241.58 | 239.47 | 238.83 239.96 1.62 0.49 1.13 3
0.47982
4376 | 0| 8000 | 8000 | 240.82 | 239.36 | 238.83 239.67 1.15 0.31 0.84 6
239.573 0.78333 | 0.37845
3242 | 0| 8000 | 8000 | 240.48 | 239.45 | 238.79 3 | 0.906667 | 0.123333 3 1
0.25059
2072 | 0| 8000 | 8000 | 240.03 | 239.4 | 238.86 239.43 0.6 0.03 0.57 5
0.09196
851 | 0| 8000 | 8000 | 239.44 | 239.15 | 239.07 239.22 0.22 0.07 0.15 6
110 | 0| 8000 | 8000 | 239.32 | 239.16 | 239.06 239.18 0.14 0.02 0.12 | 0.05853
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3
238.863 0.21666 | 0.20234
228 | 0| 8000 | 8000 | 23838 | 239.13 | 239.08 3 | 0.483333 | 0.266667 7 7
Load = 10000
PV Unbalance
output | load Va Vb Vc Vage |Vdeva |Vdevb | Vdevc | %VUF
235.526 0.07333 | 0.12595
145 | 0| 9999 | 9999 | 23523 | 23575 | 235.6 7 | 0296667 | 0.223333 3 9
239.056 0.14666 | 0.08087
110 | 0| 9999 | 9999 | 239.25 | 239.01 | 238.91 7 | 0.193333 | 0.046667 7 3
239.133 0.20333 | 0.12824
851 | 0| 9999 | 9999 | 239.44 | 239.03 | 238.93 3 | 0306667 | 0.103333 3 1
239.296 0.63666 | 0.26605
2072 | 0| 9999 | 9999 | 239.91 | 239.32 | 238.66 7 | 0613333 | 0.023333 7 7
0.40920
3242 | 0| 9999 | 9999 | 240.47 | 239.35 | 238.65 | 239.49 0.98 0.14 0.84 3
0.50922
4376 | 0| 9999 | 9999 | 240.8 | 239.25 | 238.69 | 239.58 1.22 0.33 0.89 4
239.836 1.23666 | 0.69352
5492 | 0| 9999 | 9999 | 2415 | 239.41 | 2386 7 | 1663333 | 0.426667 7 8
0.84576
6596 | 0| 9999 | 9999 | 242.05 | 239.56 | 238.45 | 240.02 2.03 0.46 1.57 3
239.903 1.43333 | 0.82811
7697 | 0| 9999 | 9999 | 241.89 | 239.35 | 23847 3 | 1.986667 | 0.553333 3 1
239.903 1.43333 | 0.82811
7697 | 0| 9999 | 9999 | 241.89 | 239.35 | 238.47 3 | 1986667 | 0.553333 3 1
0.84576
6596 | 0| 9999 | 9999 | 242.05 | 239.56 | 238.45 | 240.02 2.03 0.46 1.57 3
239.836 1.23666 | 0.69352
5492 | 0| 9999 | 9999 | 2415 | 239.41 | 2386 7 | 1.663333 | 0.426667 7 8
0.50922
4376 | 0| 9999 | 9999 | 240.8 | 239.25 | 238.69 | 239.58 1.22 0.33 0.89 4
239.523 0.76333 | 0.42445
3242 | 0| 9999 | 9999 | 240.54 | 239.27 | 238.76 3 | 1.016667 | 0.253333 3 4
239.296 0.63666 | 0.26605
2072 | 0| 9999 | 9999 | 239.91 | 239.32 | 238.66 7 | 0613333 | 0.023333 7 7
239.133 0.20333 | 0.12824
851 | 0| 9999 | 9999 | 239.44 | 239.03 | 238.93 3 | 0306667 | 0.103333 3 1
239.076 0.14666 | 0.08086
110 | 0| 9999 | 9999 | 239.27 | 239.03 | 238.93 7 | 0193333 | 0.046667 7 7
0.16751
228 | 0| 9999 | 9999 | 23838 | 239.01 | 238.95 | 238.78 0.4 0.23 0.17 8
Dynamic Load with PV
PV supply = 2072W
Unbalance Load | Va Vb Vc Vage Vdeva | Vdevb | Vdevc | %VUF
ololo 240.08 239.52 239.52 | 239.7067 | 0.373333 | 0.186667 | 0.186667 | 0.155746
2000 | 0] 0 239.8 239.55 239.53 | 239.6267 | 0.173333 | 0.076667 | 0.096667 | 0.072335
4000 | 0] 0 239.72 239.53 239.54 | 239.5967 | 0.123333 | 0.066667 | 0.056667 | 0.051475
6000 | 0| 0 239.52 239.52 239.56 | 239.5333 | 0.013333 | 0.013333 | 0.026667 | 0.011133
8000 | 0| O 239.38 239.51 239.58 239.49 0.11 0.02 0.09 | 0.045931
8000 | 0| O 239.38 239.51 239.57 | 239.4867 | 0.106667 | 0.023333 | 0.083333 0.04454
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6000 | 0| 0 239.52 239.52 239.56 | 239.5333 | 0.013333 | 0.013333 | 0.026667 | 0.011133
4000 | 0] 0 239.72 239.53 239.54 | 239.5967 | 0.123333 | 0.066667 | 0.056667 | 0.051475
2000 | 0| 0 239.79 239.55 239.53 | 239.6233 | 0.166667 | 0.073333 | 0.093333 | 0.069554
ojlolo 240.12 239.55 239.55 239.74 0.38 0.19 0.19 | 0.158505
PV supply = 4151W
Unbalance Load | Va Vb Vc Vage Vdeva | Vdevb | Vdevc | %VUF
ololo 2415 239.54 239.48 | 240.1733 | 1.326667 | 0.633333 | 0.693333 | 0.552379
2000 | 0| 0 240.89 239.55 239.58 | 240.0067 | 0.883333 | 0.456667 | 0.426667 | 0.368045
4000 | 0| 0O 240.46 239.49 239.56 | 239.8367 | 0.623333 | 0.346667 | 0.276667 | 0.259899
6000 | 0| 0 240.48 239.56 239.52 | 239.8533 | 0.626667 | 0.293333 | 0.333333 | 0.261271
8000 | 0| 0 240.29 239.55 239.54 | 239.7933 | 0.496667 | 0.243333 | 0.253333 | 0.207123
8000 | 0| 0 240.29 239.55 239.54 | 239.7933 | 0.496667 | 0.243333 | 0.253333 | 0.207123
6000 | 0| 0 240.48 239.56 239.52 | 239.8533 | 0.626667 | 0.293333 | 0.333333 | 0.261271
4000 | 0| 0O 240.46 239.49 239.56 | 239.8367 | 0.623333 | 0.346667 | 0.276667 | 0.259899
2000 | 0| 0 240.89 239.55 239.58 | 240.0067 | 0.883333 | 0.456667 | 0.426667 | 0.368045
olofo 241.53 239.57 239.51 | 240.2033 | 1.326667 | 0.633333 | 0.693333 0.55231
PV supply = 5491W
Unbalance Load | Va Vb Vc Vage Vdeva | Vdevb | Vdevc | %VUF
olofo 242.52 239.61 239.51 | 240.5467 | 1.973333 | 0.936667 | 1.036667 | 0.820354
2000 | 0] 0 241.24 239.51 239.56 | 240.1033 | 1.136667 | 0.593333 | 0.543333 | 0.473407
4000 | 0| 0O 241.11 239.53 239.55 | 240.0633 | 1.046667 | 0.533333 | 0513333 | 0.435996
6000 | 0| 0 241.13 239.53 239.56 | 240.0733 | 1.056667 | 0.543333 | 0.513333 | 0.440143
8000 | 0| 0 240.89 239.54 239.54 239.99 0.9 0.45 045 | 0375016
8000 | 0| 0 240.89 239.54 239.54 239.99 0.9 0.45 0.45 | 0.375016
6000 | 0| 0 241.13 239.53 239.56 | 240.0733 | 1.056667 | 0.543333 | 0.513333 | 0.440143
4000 | 0| 0O 241.11 239.53 239.55 | 240.0633 | 1.046667 | 0.533333 | 0513333 | 0.435996
2000 | 0| 0 241.24 239.51 239.56 | 240.1033 | 1.136667 | 0.593333 | 0.543333 | 0.473407
olo]o 242.54 239.63 239.53 | 240.5667 | 1.973333 | 0.936667 | 1.036667 | 0.820285
PV supply = 7035W
Unbalance Load | Va Vb Vc Vage Vdeva | Vdevb | Vdevc | %VUF
olofo 243.51 239.63 239.52 | 240.8867 | 2.623333 | 1.256667 | 1.366667 | 1.089032
2000 | 0] 0 242.31 239.6 239.53 240.48 1.83 0.88 0.95 | 0.760978
4000 | 0| 0O 242.2 239.59 239.55 | 240.4467 | 1753333 | 0.856667 | 0.896667 | 0.729198
6000 | 0| 0 241.67 239.51 239.54 240.24 1.43 0.73 0.7 | 0595238
8000 | 0| 0 241.53 239.48 239.6 | 240.2033 | 1326667 | 0.723333 | 0.603333 0.55231
8000 | 0| O 241.53 239.48 239.6 | 240.2033 | 1.326667 | 0.723333 | 0.603333 0.55231
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6000 | 0| 0 241.67 239.51 239.54 240.24 1.43 0.73 0.7 | 0595238
4000 | 0] 0 242.2 239.6 239.55 240.45 1.75 0.85 0.9 | 0.727802
2000 | 0| 0 242.15 239.56 239.52 240.41 1.74 0.85 0.89 | 0.723764
ojlolo 243.53 239.65 239.54 | 240.9067 | 2.623333 | 1.256667 | 1.366667 | 1.088942
Dynamic Load with PV at Balanced load
PV supply = 2072W
balance Load Va Vb Vc Vage Vdeva | Vdevb | Vdevc | %VUF
0 0 0| 24015 | 23956 | 239.54 239.75 0.4 0.19 0.21 | 0.16684
2000 | 2000 | 2000 | 239.68 | 239.47 | 239.35 239.5 0.18 0.03 0.15 | 0.075157
4000 | 4000 | 4000 | 239.77 | 239.46 | 239.31 | 239.5133 | 0.256667 | 0.053333 | 0.203333 | 0.107162
6000 | 6000 | 6000 | 239.57 | 239.33 | 239.11 | 239.3367 | 0.233333 | 0.006667 | 0.226667 | 0.097492
8000 | 8000 | 8000 239.5 | 239.23 | 23897 | 239.2333 | 0.266667 | 0.003333 | 0.263333 | 0.111467
8000 | 8000 | 8000 239.5 |  239.23 | 23897 | 239.2333 | 0.266667 | 0.003333 | 0.263333 | 0.111467
6000 | 6000 | 6000 | 239.57 | 239.33 | 239.11 | 239.3367 | 0.233333 | 0.006667 | 0.226667 | 0.097492
4000 | 4000 | 4000 | 239.77 | 239.46 | 23931 | 239.5133 | 0.256667 | 0.053333 | 0.203333 | 0.107162
2000 | 2000 | 2000 | 239.68 | 239.48 | 239.35 | 239.5033 | 0.176667 | 0.023333 | 0.153333 | 0.073764
0 0 0| 24017 | 23959 | 239.56 | 239.7733 | 0.396667 | 0.183333 | 0.213333 | 0.165434
PV supply = 4151W
balance Load Va Vb Vc Vage Vdeva | Vdevb |Vdevc | %VUF
0 0 0| 24172 | 23962 | 239.49 | 240.2767 | 1.443333 | 0.656667 | 0.786667 | 0.600696
2000 | 2000 | 2000 | 240.65 | 239.52 | 239.26 239.81 0.84 0.29 0.55 | 0.350277
4000 | 4000 | 4000 | 240.64 | 239.45 | 239.27 | 239.7867 | 0.853333 | 0.336667 | 0.516667 | 0.355872
6000 | 6000 | 6000 | 24028 | 239.34 | 239.09 239.57 0.71 0.23 0.48 | 0.296364
8000 | 8000 | 8000 | 240.53 | 239.27 | 239.06 239.62 0.91 0.35 0.56 | 0.379768
8000 | 8000 | 8000 | 24053 | 239.27 | 239.06 239.62 0.91 0.35 0.56 | 0.379768
6000 | 6000 | 6000 | 240.28 | 239.34 | 239.09 239.57 0.71 0.23 0.48 | 0.296364
4000 | 4000 | 4000 | 24053 | 239.48 | 239.19 | 239.7333 | 0.796667 | 0.253333 | 0543333 | 0.332314
2000 | 2000 | 2000 | 240.65 | 239.52 | 239.26 239.81 0.84 0.29 0.55 | 0.350277
0 0 0| 24167 | 23958 | 23956 240.27 1.4 0.69 0.71 | 0.582678
PV supply = 5491W
balance Load Va Vb Vc Vage Vdeva | Vdevb | Vdevc | %VUF
0 0 0| 24268 | 23966 | 239.48 | 240.6067 | 2.073333 | 0.946667 | 1.126667 | 0.861711
2000 | 2000 | 2000 | 241.02 | 23946 | 239.24 | 239.9067 | 1.113333 | 0.446667 | 0.666667 | 0.464069
4000 | 4000 | 4000 241 | 23937 | 239.26 | 239.8767 | 1123333 | 0.506667 | 0.616667 | 0.468296
6000 | 6000 | 6000 | 24119 | 239.41 | 239.17 | 239.9233 | 1.266667 | 0.513333 | 0.753333 | 0.527946
8000 | 8000 | 8000 | 241.02 | 239.29 | 239.06 239.79 1.23 0.5 0.73 | 0.512949
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8000 | 8000 | 8000 241.02 239.3 239.06 | 239.7933 | 1.226667 | 0.493333 | 0.733333 | 0.511552
6000 | 6000 | 6000 241.19 239.41 239.17 | 239.9233 | 1.266667 | 0.513333 | 0.753333 | 0.527946
4000 | 4000 | 4000 241 239.37 239.26 | 239.8767 | 1.123333 | 0.506667 | 0.616667 | 0.468296
2000 | 2000 | 2000 241.02 239.46 239.24 | 239.9067 | 1.113333 | 0.446667 | 0.666667 | 0.464069
0 0 0 242.7 239.7 239.51 | 240.6367 | 2.063333 | 0.936667 | 1.126667 | 0.857448
PV supply = 7035W
balance Load Va Vb Vc Vage Vdeva | Vdevb | Vdevc | %VUF
0 0 0 243.96 | 239.67 239.62 | 241.0833 | 2.876667 | 1.413333 | 1.463333 | 1.193225
2000 | 2000 | 2000 242.27 | 239.55 239.31 | 2403767 | 1.893333 | 0.826667 | 1.066667 | 0.787653
4000 | 4000 | 4000 242 239.49 239.2 240.23 1.77 0.74 1.03 | 0.736794
6000 | 6000 | 6000 241.71 239.45 239.02 240.06 1.65 0.61 1.04 | 0.687328
8000 | 8000 | 8000 24156 | 239.27 238.98 | 239.9367 | 1.623333 | 0.666667 | 0.956667 | 0.676567
8000 | 8000 | 8000 241.46 | 239.32 238.88 | 239.8867 | 1.573333 | 0.566667 | 1.006667 | 0.655865
6000 | 6000 | 6000 2417 | 239.45 238.97 240.04 1.66 0.59 1.07 | 0.691551
4000 | 4000 | 4000 242 239.49 239.2 240.23 1.77 0.74 1.03 | 0.736794
2000 | 2000 | 2000 242.27 | 239.55 239.31 | 2403767 | 1.893333 | 0.826667 | 1.066667 | 0.787653
0 0 0 243.98 239.7 239.64 | 2411067 | 2.873333 | 1.406667 | 1.466667 | 1.191727
Dynamic load with PV at the difference phase
PV supply = 2072W
Unbalance Load | Va Vb Vc Vage Vdeva |Vdevb | Vdevc | %VUF
0 0 0 240.15 239.56 239.53 | 239.7467 | 0.403333 | 0.186667 | 0.216667 | 0.168233
0| 2000 | 2000 239.81 239.48 239.26 | 239.5167 | 0.293333 | 0.036667 | 0.256667 | 0.122469
0| 4000 | 4000 239.76 239.38 239.08 | 239.4067 | 0.353333 | 0.026667 | 0.326667 | 0.147587
0| 6000 | 6000 239.85 239.35 238.9 | 239.3667 | 0.483333 | 0.016667 | 0.466667 | 0.201922
0| 8000 | 8000 240.1 239.26 238.83 | 239.3967 | 0703333 | 0.136667 | 0.566667 | 0.293794
0| 8000 | 8000 240.17 239.22 238.82 | 239.4033 | 0.766667 | 0.183333 | 0.583333 | 0.320241
0| 6000 | 6000 239.83 239.29 239.02 239.38 0.45 0.09 0.36 | 0.187986
0| 4000 | 4000 239.96 239.44 239.08 | 239.4933 | 0.466667 | 0.053333 | 0.413333 | 0.194856
0| 2000 | 2000 240.06 239.46 239.31 239.61 0.45 0.15 0.3 | 0.187805
0 0 0 240.17 239.59 239.58 239.78 0.39 0.19 0.2 | 0.162649
PV supply = 4151W
Unbalance Load | Va Vb Vc Vage Vdeva |Vdevb |Vdevc | %VUF
0 0 0 241.49 239.62 239.47 | 240.1933 | 1296667 | 0.573333 | 0.723333 | 0.539843
0| 2000 | 2000 240.96 239.5 239.27 239.91 1.05 0.41 0.64 | 0.437664
0| 4000 | 4000 240.88 239.51 239.03 | 239.8067 | 1.073333 | 0.296667 | 0.776667 | 0.447583
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0| 6000 | 6000 240.73 239.41 238.94 | 239.6933 | 1.036667 | 0.283333 | 0.753333 | 0.432497
0 8000 8000 240.65 239.26 238.68 239.53 1.12 0.27 0.85 0.467582
0| 8000 | 8000 240.87 239.23 238.86 | 239.6533 | 1.216667 | 0.423333 | 0.793333 | 0.507678
0 6000 6000 240.92 239.33 238.82 239.69 1.23 0.36 0.87 0.513163
0| 4000 | 4000 241.12 239.48 239.09 | 239.8967 | 1.223333 | 0.416667 | 0.806667 | 0.509942
0 2000 2000 241.06 239.58 239.2 239.9467 1.113333 0.366667 0.746667 0.463992
0 0 0 241.8 239.61 239.56 240.3233 1.476667 0.713333 0.763333 0.61445
PV supply = 5491W

Unbalance Load | Va Vb Vc Vage Vdeva |Vdevb |Vdevc | %VUF

0 0 0 242.66 239.67 2395 240.61 2.05 0.94 111 | 0.852001
0| 2000 | 2000 241.64 239.56 239.2 | 240.1333 | 1506667 | 0.573333 | 0.933333 | 0.627429
0| 4000 | 4000 241.7 239.57 239.05 | 240.1067 | 1.593333 | 0.536667 | 1.056667 | 0.663594
0| 6000 | 6000 241.25 239.41 238.84 | 239.8333 | 1.416667 | 0.423333 | 0.993333 | 0.590688
0| 8000 | 8000 241.27 239.24 238.8 239.77 15 0.53 0.97 0.6256
0| 8000 | 8000 241.27 239.28 238.74 | 239.7633 | 1.506667 | 0.483333 | 1.023333 | 0.628397
0| 6000 | 6000 241.3 239.43 238.85 239.86 1.44 0.43 1.01 0.60035
0| 4000 | 4000 241.39 239.52 238.94 239.95 1.44 0.43 1.01 | 0.600125
0| 2000 | 2000 241.64 239.66 239.2 | 240.1667 | 1.473333 | 0.506667 | 0.966667 | 0.613463
0 0 0 242.82 239.67 239.58 240.69 2.13 1.02 111 | 0.884956
PV supply = 7035W

Unbalance Load | Va Vb Vc Vage Vdeva |Vdevb |Vdevc | %VUF

0 0 0 243.96 239.67 239.62 | 241.0833 | 2.876667 | 1.413333 | 1.463333 | 1.193225
0| 2000 | 2000 242.45 239.57 239.22 | 240.4133 | 2.036667 | 0.843333 | 1.193333 | 0.847152
0| 4000 | 4000 2423 239.55 239.06 | 240.3033 | 1.996667 | 0.753333 | 1.243333 | 0.830894
0| 6000 | 6000 242.01 239.39 239.05 240.15 1.86 0.76 11| 0.774516
0| 8000 | 8000 242.11 239.32 238.56 | 239.9967 | 2.113333 | 0.676667 | 1.436667 | 0.880568
0| 8000 | 8000 241.79 239.24 238.75 | 239.9267 | 1.863333 | 0.686667 | 1.176667 | 0.776626
0| 6000 | 6000 241.94 239.39 238.8 | 240.0433 | 1.896667 | 0.653333 | 1.243333 | 0.790135
0| 4000 | 4000 242.16 239.67 238.96 | 240.2633 | 1.896667 | 0.593333 | 1.303333 | 0.789412
0| 2000 | 2000 2423 239.56 239.16 240.34 1.96 0.78 1.18 | 0.815511
0 0 0 243.98 239.7 239.64 | 241.1067 | 2.873333 | 1.406667 | 1.466667 | 1.191727
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PV unbalance load | Va Vb Vc Vage Vdeva | Vdevb | Vdevc | %VUF
145 0 0 0 238.33 239.47 239.47 239.09 0.76 0.38 0.38 | 0.317872
110 0 0 0 239.61 239.53 239.55 | 239.5633 | 0.046667 | 0.033333 | 0.013333 0.01948
851 | 2000 | 2000 | 2000 | 239.44 | 239.49 | 239.41 | 239.4467 | 0.006667 | 0.043333 | 0.036667 | 0.018097
2072 | 2000 | 2000 | 2000 239.68 239.47 239.35 239.5 0.18 0.03 0.15 | 0.075157
3242 | 4000 | 4000 | 4000 | 240.09 | 239.39 | 239.24 | 239.5733 | 0.516667 | 0.183333 | 0.333333 | 0.215661
4376 | 4000 | 4000 | 4000 240.6 239.48 239.18 | 239.7533 | 0.846667 | 0.273333 | 0.573333 | 0.353141
5492 | 6000 | 6000 | 6000 2412 | 23939 | 239.17 | 239.92 1.28 0.53 0.75 | 0.533511
6596 | 6000 | 6000 | 6000 | 241.43 | 239.39 | 239.09 239.97 1.46 0.58 0.88 | 0.608409
7697 | 8000 | 8000 | 8000 | 241.64 | 239.29 | 238.87 | 239.9333 | 1.706667 | 0.643333 | 1.063333 | 0.711309
7697 | 8000 | 8000 | 8000 | 241.64 | 239.29 | 238.87 | 239.9333 | 1.706667 | 0.643333 | 1.063333 | 0.711309
6596 | 6000 | 6000 | 6000 | 241.43 | 239.39 | 239.09 239.97 1.46 0.58 0.88 | 0.608409
5492 | 6000 | 6000 | 6000 2412 | 23939 | 239.17 | 239.92 1.28 0.53 0.75 | 0.533511
4376 | 4000 | 4000 | 4000 240.6 | 239.48 | 239.18 | 239.7533 | 0.846667 | 0.273333 | 0.573333 | 0.353141
3242 | 4000 | 4000 | 4000 | 240.09 | 239.39 | 239.24 | 239.5733 | 0.516667 | 0.183333 | 0.333333 | 0.215661
2072 | 2000 | 2000 | 2000 | 239.68 | 239.48 | 239.35 | 239.5033 | 0.176667 | 0.023333 | 0.153333 | 0.073764

851 | 2000 | 2000 | 2000 | 239.44 | 239.49 | 239.41 | 239.4467 | 0.006667 | 0.043333 | 0.036667 | 0.018097

110 0 0 0| 239.61 | 239.53 | 239.55 | 239.5633 | 0.046667 | 0.033333 | 0.013333 | 0.01948

228 0 0 0| 23839 | 23953 | 239.53 239.15 0.76 0.38 0.38 | 0.317792
Dynamic Load with dynamic PV with Unbalanced load at same phase
PV unbalance load | Va Vb Vc Vage Vdeva | Vdevb | Vdevc | %VUF
145 0| 0] 0| 23834 23948 | 239.48 239.1 0.76 0.38 0.38 | 0.317859
110 0| 0] 0| 23961 | 23953 | 239.55 | 239.5633 | 0.046667 | 0.033333 | 0.013333 | 0.01948
851 2000 | 0| 0| 23951 | 239.55 | 239.55 | 239.5367 | 0.026667 | 0.013333 | 0.013333 | 0.011133
2072 2000 | 0| 0| 239.81 | 239.52 | 239.56 239.63 0.18 0.11 0.07 | 0.075116
3242 4000 | 0| 0| 24025 | 239.56 | 239.55 | 239.7867 | 0.463333 | 0.226667 | 0.236667 | 0.193227
4376 4000 | 0| 0| 24043 | 239.52 | 239.53 | 239.8267 | 0.603333 | 0.306667 | 0.296667 | 0.251571
5492 6000 | 0 | 0| 241.04 | 239.48 | 239.61 | 240.0433 | 0.996667 | 0.563333 | 0.433333 | 0.415203
6596 6000 | 0 | 0| 241.58 239.6 | 239.49 | 240.2233 | 1.356667 | 0.623333 | 0.733333 | 0.564752
7697 8000 | 0| 0 241.8 | 239.49 | 239.63 | 240.3067 | 1.493333 | 0.816667 | 0.676667 | 0.621428
7697 8000 | 0| 0| 241.85 | 239.47 | 239.58 240.3 1.55 0.83 0.72 | 0.645027
6596 6000 | 0| 0| 24121 | 239.59 239.5 240.1 1.11 0.51 0.6 | 0.462307
5492 6000 | 0| 0O 240.9 | 239.52 | 239.57 | 239.9967 | 0.903333 | 0.476667 | 0.426667 | 0.376394
4376 4000 | 0| 0| 24055 | 239.54 | 239.56 | 239.8833 | 0.666667 | 0.343333 | 0.323333 | 0.277913
3242 4000 | 0| 0| 24033 | 239.56 | 239.54 239.81 0.52 0.25 0.27 | 0.216838
2072 2000 | 0| 0| 239.71 | 239.52 | 239.53 | 239.5867 | 0.123333 | 0.066667 | 0.056667 | 0.051478

851 2000 | 0| 0| 239.41 | 239.54 | 239.53 | 239.4933 | 0.083333 | 0.046667 | 0.036667 | 0.034796

110 0| 0] 0| 23961 | 23953 | 239.55 | 239.5633 | 0.046667 | 0.033333 | 0.013333 | 0.01948




‘ 228 ‘

0 ‘ 0 ‘ 0 | 238.4 | 239.53 | 239.53 ‘ 239.1533 | 0.753333 | 0.376667 | 0.376667 ‘
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0.315
Dynamic Load with dynamic PV with unbalanced load at difference phase
PV unbalance load | Va Vb Vc Vage Vdeva | Vdevb | Vdevc | %VUF

145 | O 0 0 238.33 239.47 239.47 239.09 0.76 0.38 0.38 | 0.317872
110 | O 0 0 239.61 239.53 239.55 | 239.5633 | 0.046667 | 0.033333 | 0.013333 0.01948
851 | O 2000 2000 239.53 239.48 239.4 239.47 0.06 0.01 0.07 | 0.029231
2072 | O 2000 2000 239.98 239.47 239.33 | 239.5933 | 0.386667 | 0.123333 | 0.263333 | 0.161385
3242 | O 4000 4000 240.32 239.46 239.09 | 239.6233 | 0.696667 | 0.163333 | 0.533333 | 0.290734
4376 | O 4000 4000 240.94 239.43 239.03 239.8 1.14 0.37 0.77 | 0.475396
5492 | O 6000 6000 241.4 239.31 238.88 | 239.8633 | 1.536667 | 0.553333 | 0.983333 | 0.640643
6596 | O 6000 6000 241.95 239.45 238.7 | 240.0333 | 1.916667 | 0.583333 | 1.333333 0.7985
7697 | O 8000 8000 242.24 239.33 238.53 | 240.0333 | 2.206667 | 0.703333 | 1.503333 | 0.919317
7697 | O 8000 8000 242.24 239.38 238.38 240 2.24 0.62 1.62 | 0.933333
6596 | O 6000 6000 242.08 239.45 238.61 | 240.0467 | 2.033333 | 0.596667 | 1.436667 | 0.847058
5492 | O 6000 6000 241.58 239.48 238.86 | 239.9733 | 1.606667 | 0.493333 | 1.113333 | 0.669519
4376 | O 4000 4000 240.91 239.5 239.02 239.81 1.1 0.31 0.79 | 0.458696
3242 | O 4000 4000 240.29 239.41 239.1 239.6 0.69 0.19 0.5 0.28798
2072 | O 2000 2000 239.84 239.49 239.25 | 239.5267 | 0.313333 | 0.036667 | 0.276667 | 0.130814
851 | O 2000 2000 239.62 239.45 239.46 239.51 0.11 0.06 0.05 | 0.045927
110 | O 0 0 239.61 239.53 239.55 | 239.5633 | 0.046667 | 0.033333 | 0.013333 0.01948
228 | O 0 0 238.39 239.53 239.53 239.15 0.76 0.38 0.38 | 0.317792




