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ABSTRACT

This paper presents a sliding-mode control single-phase
ac-ac converter with power factor control. The proposed
converter can be operated in either buck or boost mode. The
control algorithms operate the converter under a wide range
of operating output voltage, low harmonic distortion of ac
input current and improved power factor. The closed-loop
system improves regulation, sensitivity to disturbances, and
transient response both input current and output voltage
control. The closed loop controls consist of two main parts:
dual dc voltage controls of two dc-link capacitors and ac
output voltage control. Simulation results verify the
performance of the proposed converter and verified the
proposed system that the converter is capable of input
current control and regulate a wide range of output voltage.

Keywords: Sliding-mode control, ac-ac converter, continuous
current mode (CCM), power factor, single-phase ac-ac
converter, buck-boost capability.

1. INTRODUCTION

A single-phase ac-ac converter is widely used in
industry, replacing auto-transformer in order to improve
the ability of ac output control performance. In
literatures, various topologies of single-phase ac-ac
converters have been reported such as three-leg ac-ac
converters, ac-ac chopper, resonant converter and ac-ac
Z-source converter. The full-bridge and half-bridge
structures are among the popular choices in the UPS
applications (l-phase or 3-phase applications). These
topologies consist of three parts namely, rectifier, dc
bus controller and output voltage drivers. The three-leg
acac converters have the main disadvantage of using a
high number of switches. The buck type ac-ac chopper
controls the ac output voltage by chopping the ac input
voltage. However, this topology would produce a
distortion on the ac output voltage at the zero-crossing
and the operation limitation is the lack of the operation
in the boost mode. The resonant converter topology
converts an ac signal to another form of ac signal

through the resonance of the stored energy in the
inductors and capacitors. Three bidirectional switches
operate at high switching frequency with low switching
loss. The quantum series resonant converter is suitable
for such a system with fixed voltage conversion ratio.
As for the ac-ac Z-source converter, the z-source
network is primarily used to store the energy. Major
disadvantages are complexity of the circuit topology, ac
output voltage distortion, and poor transient response.
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Fig.1 Overall of proposed single-phase ac-ac converter

Recently, a novel single phase ac-ac converter has
been presented [1]. The novel ac-ac converter topology
can be compared with the four-leg converters (two full
bridges). They are the same operation both input current
control and output voltage control with separated
ground between input and output sides. A number of
components is counted and compared between novel
converter and four-leg converter.

Sliding-mode control has become the most widely
used method for the control of single phase ac-ac
converter [2]. The benefits of using this control method
include robustness against system-parameter variations
and external large-signal disturbances. The properties
have been verified in a broad range of applications,
including dc/dc voltage regulators, unity-power-factor
ac/dc rectifiers, and dc/ac converters. However, the
application of this control technique to novel ac-ac
converter [1] has not been previously reported in
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literature. This paper introduces a control-oriented
model for the single phase ac-ac converter reported in
[1]. Sliding-mode control theory is used to control the
input current control and output voltage control for this

purpose.
In this paper, the proposed sliding-mode control for

single-phase ac-ac converter is designed with the
following key improvements: ability to operate in buck
and boost modes, ac output voltage regulation with
improved transient responses, dc-link voltage control
capability, ac input current waveform control with low
output voltage distortion, and a minimum number of
required devices. The converter circuit configuration is
shown in Fig.1. The converter uses four switches to
control the output voltage and the input current. The
output voltage is generated by using sinusoidal
pulsewidth modulation (sPWM) technique to generate
pulses from the dual dc-link capacitors. The operation
of the switches controls the output voltage and input
current to the desired values. The gate control signals
are created from two close-loop controls, the output
voltage and the input current.

2 PRoOPOSED CONTROL

The proposed system is shown in Fig.1. The ac-ac
converter topology consists of four main switches
(8184), two dc-link capacitors(C, and C,), an inductor
(Ly), diodes ( D - D). In the system, the V¢, Vi, iyand
v, are measured and fed back to the digital controller.
The dc-link capacitor (C;) is charged and Viis
maintained constant during the positive cycle of v
while the capacitor voltage Ve is charged and
maintained constant during the negative cycle. The
input voltage is used as the reference signal for
controlling the input current, i,. The output current is
regulated by the switches S; and S; during the positive
pulse while the switches S,and S; operate during the
negative pulse, using the sinusoidal PWM (SPWM)
technique.

2.1 INPUT CURRENT CONTROL

This section aimed to control the dc-link voltages
across the capacitors C, and C, by rectifying the input
voltage. The dc voltage level is boosted to the desired
level while the power factor is maintained close to
unity. Fig. 2 shows the equivalent circuit of the boost
converter. When the input voltage is positive, the
inductor Lg is charged through both switches S; and S.
After the switches S; or S, are turned off depending on
the output cycle, the energy storage in the inductor Lg is
discharged to the dc-link capacitor C,. Similarly in Fig.
3, during the negative half cycle of the input voltage,
the inductor Lg is charged through the switches S; and
S,, and discharged to the dc-link capacitor C, by turning
off switches S; or S.

The kirchhoff's voltage law in Fig.2 and Fig.3 when
the charging the inductor current in positive cycle and
negative cycle of ac voltage input is expressed as

di
v + L — = 1
L (1

The inductor current discharging in positive cycle is
expressed as

s

di. 1
v + L —=——|idt=0 2
S cljs )

Likewise, in the negative cycle, the inductor current
discharging can be expressed as

di 1
s —1idt=0 3
- [, (3)

2

v, + L

2.2 AC VOLTAGE OUTPUT CONTROL

The output voltage control uses the bipolar sSPWM
technique by turning on switches S, and S; to apply the
positive voltage from the dc-link capacitor C; to the
output, and turning on the switches S, and S, to apply
the negative voltage from dc-link capacitor C, to the
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Fig. 2 Positive cycle a) charging and b) discharging
inductor current.
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Fig. 3 Negative cycle a) charging and b) discharging
inductor current.
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Fig. 4 Circuit configurations under a) positive
and b) negative pulses of bipolar sPWM
operation.

During positive half cycle of input voltage, the
switches S; and S, are employed to control the input
current. Similarly, the switches S; and S4 are employed
to control the input current in the negative half cycle of
the input voltage. The control of output voltage is
separated from the input current control. The output
voltage can be set to the same or different frequencies
of the input voltage.

3 PROPOSED CONTROL STRATEGY

The integrated rectifier and boost converter in the
proposed system include three functions as follows.

a) Rectifying the input voltage into a dc voltage
signal;

b) Boosting the dc voltage;

¢) Shaping the ac input current to be sinusoidal
waveform.

The control block diagram is separated into two
parts. The first part is the input current control for
power factor correction and the dual dec-link voltage
control. The reference signal in this part is derived from
the ac input voltage signal while the sliding-mode
controller updates the PFC drive signal. The block
diagram of this part is shown in Fig. 5.

Fig. 5 Block diagram for PFC current control

The second block diagram is the output voltage
control by using the bipolar sSPWM. In this part, the
sinusoidal waveform is used as the reference signal. The
output voltage is sensed and fed back to compare with
the reference output signal where the error is sent to the
sliding-mode controller to update the sSPWM signal. The
block diagram of this part is shown in Fig 6.

Mixing 31
Gate | S AGAC |
contro| 33M convertdr
Signal Syl

Fig. 6 Block diagram for output voltage control

In the mixing gate control signals block, there are
two mixing controls, SPWM signals and PFC signal for
ac input current control. Referring to Figure 3.12, in the
mixing gate control signals block, there are two mixing
controls, SPWM signals and PFC signal for ac input
current control. The mixing of gate control signals can
be logically expressed as follows:

Sy= SPWMOR (PFC ANDCycle) (3.4)
S»=SPWM OR (PFCANDCycle) 3.5)
Sy=SPWM OR (PFC AND Cycle) (3.6)
Sy= SPWMOR (PFCANDCycle), (3.7)

where SPWM is a digital logic signal created by the
sinusoidal PWM switching scheme; PFC is a digital
logic signal of the input current control; Cycle is a
digital logic signal representing the positive cycle of the
input voltage.

The switches S; and S; are high during positive pulse
of output signals when the SPWM logic is high. On the
other hand, when the SPWM logic is low (or the negated
SPWM logic is high), the switches S, and S, would be
high during negative pulse of the output signal. At the
same time, the PFC and Cycle logics dictate the
switching operation for the desired input power factor.
When the Cycle signal is high, the switches S; and S,



IEET - International Electrical Engineering Transactions, VOL. 2, NO.1 (2), JAN-JUN 2016. 7

are employed to control the waveform of input current
during the positive cycle of the ac input voltage. As for
the negative cycle of the ac input voltage, the negated
Cycle logic would be low. Then, switches S; and S, are
enabled for controlling the waveform of ac input current.

4 SIMULATION RESULTS

A computer simulation is performed on the proposed
ac-ac converter to verify the designed performance. The
following circuit parameters according in Fig.l are
shown in Table I as below. Fig. 7 shows the output
voltage control under boost mode at 250Vrms/50Hz.
Fig. 8 shows the simulation results of the output voltage
control under buck mode at 60Vrms/50Hz. Fig. 9 shows
the performance of the output voltage control with a
load step from 100Q to 60 Q. The control performance
under a step change in the output voltage is shown in
Fig. 10 where the change in the reference signal is from
120Vrms to 250Vrms.

Table 1: The simulation parameters

Vs [200V/div) Is [5A/div)

Vout [200V/div]

0 0.01 0.02 0.03 0.04 0.05
Time (s)

Fig. 8 The simulation results of output voltage control in
buck mode at 120V/50Hz.

Vs [200V/div] Is [SA/div]

Is [10A/div]

o5

Vout [200V/div] Is [10A/div]

IV;HII'

out

0 0.01 0.02 0.03 0.04 0.05

Time (s)

Fig. 7 The simulation results of output voltage control in

boost mode at 250V/50Hz.

Symbol Quality Value
Ls inductor 10mH Vout [200V/div] lout [2A/div]
C1,C2 capacitors 1,000uF
~V
Lf filter Inductor ImH out J
Cf filter Capacitor 10uF
Vs ac input voltage 220V/50Hz 5 = G e P i
Vel,Ve2 dc-link voltage 400V Time (s)
Esp (PFC) S;Zg;};itniirielq;;icy IOSEHZ Fig.9 7) he simulation results of output voltage for step
: : - change in the load from 100€ to 60 Q.
Ki (PFC) integral gain 100uS
Kd (PFC) differential gain 0.1uS Vs [200V/div] Is [5A/div]
Kp (sPWM) proportional gain 0.1
Ki (sPWM) integral gain 500uS
Kd (sPWM) differential gain 1uS
Vout output voltage 0-280V

,,,,,

lout [2A/div]

#V
our
IO!

0 0.01 0.02 0.03 0.04 0.05
Time (s)

Fig. 10 The simulation results of output voltage for step
change in output voltage from 120Vrms to 250Vrms.

4 CONCLUSION

The proposed topology has sinusoidal input
line current with unity power factor and high
quality output voltages with step change of load
and step change of output voltages. The proposed
topology has only four switches and operates by
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the mixing gate signals from two close-loop
controls. The simulation results verify fast
transient response, output voltage error and load
disturbances. The simulation results have been
presents to verify the performance of the proposed
system.
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ABSTRACT

This paper aims to simulate impact of radiation
density on grid power quality for PV Grid-connected
system. To investigate the impact, PSCAD is used to
model and simulate PV array, DC converter, LC filter,
AC transformer, load, and a distribution grid model. The
simulation results show that if there is a change in the
radiation intensity, the distribution grid system has
impact factors various power quality points, such as
voltage RMS, harmonic distortion, and active power.
This investigation will lead to a proper design and
consideration when installing the PV Grid-connected
system.

Keywords: PV Grid-connected system, Power Quality,
PSCAD.

1 INTRODUCTION

Nowadays, with the increase in use of the PV Grid-
connected system, the centralized power stations have a
capacity to prevent power outage points. Besides, when
the PV systems are increasing this may effect power
quality of the grid system [1]. In distribution systems,
power quality is very important section. It is specified as
the potential of the grid to supply a good and stable
power to the consumers. Bad power quality will
generate a problem to electrical devices and distribution
unit. Several researchers studied about design a PV grid-
connected system to monitor the effect of radiation to
the total harmonic distortion at the point of common
coupling [2]. The simulations of Solar Radiation Impact
in PV system had been done in 1992, 2002, 2004 and
2005 by several researchers [3, 4, 5, 6, 7, and 8]. The
present paper aims to model a PV Grid-connected
system connected using Power System Computer Aided
Design (PSCAD) simulation software.

2 MODELING SYSTEM

The studied PV system consists of PV array 300
kWp, DC link capacitor, inverter, LC filter connected
through ac transformer with a power distribution grid.

are with the Department
of electrical engineering, Faculty of Engineering, 39 Moo 1, Rangsit-
Nakhonnayok Road, Thanyaburi, Pathum Thani 12110 (*email:
boonyang.p@en.rmutt.ac.th)

The modelled study details are shown in Fig.1 (a),(b).

The PV parameters modelled in PSCAD are shown
in the Figure 2. The PV cell model used in the
components is based on Dynamic Multiphysic Model for
Solar Array [9]. The output power for the one module is
650 Wp and for 900 modules are 300 kWp

8 ™
) [macher phuhoeen_souecel of o OMLING -

® T

 Cownral

— .l

~ o900 ARy g

Fig.2 Parameters of PV module in PSCAD

DC link capacitor is an important item to reduce
output power ripple. Capacitance’s equation is based on
a review of Power Decoupling Techniques for Micro
inverters with Three Different Decoupling Capacitor
Locations in PV System [10] and rounding to a typical
value the DC link capacitor was sized to be 20 mF.

Several researchers studied about of Photovoltaic
Array Maximum Power Point Tracking Techniques [11],
comparing the instantaneous conductance (I/V) to the
incremental conductance (AI/AV) can track the MPP.
With the three difference cases, the MPPT creates a
reference voltage (Vmpp) at that the PV array is
compelled to operate. The modelled study used for
creating the reference voltage Vmpp that is operated as
input to DC-DC converter control model is shown in

Fig. 3.
o R vimm Vmm
Isola
[} — o O— o _)IE
Vsola D v b D Sinephas “ginephas
F o F
vmm b
1 i - s
D Ma _)Ma
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(220

Fig. 3 MPPT generates a reference voltage
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The three phase inverter is composed of 6 IGBT with
a snubber circuit. They transform DC power to AC with
sinusoidal pulse width modulation (SPWM) technique
that uses high switching frequency of 5 kHz. In Power
Electronics Handbook; 2nd edition [12], the switching
pulse width and switching instance can be controlled by
controlling the modulating signal, which control the
power flow from the inverter, and is shown in Fig. 4.

The LC filters are compelled to more smoothen the
output and limit the voltage drop in the AC side of the
three phase inverter when operating under varying
atmosphere conditions [13].

3 RESULTS

In this simulation model, PV array that have install
capacity 300 kW at STC is connected to distribution
grid. The graphs are shown in Fig.5 (a), the voltage
RMS, and Fig. 5 (b) the active power at the PCC.

Main : Graphs ,:7
=™ \/pce bl
P
0. — — - |
sec g0 0.20 0.40
q »
(@)

Main : Graphs

0.40

(b)
Fig. 5 (a) the voltage RMS is maintained at PCC and (b)
shows the active power at the PCC.

In the normal day, the voltage RMS and the active
power are generated with difference temperature and
solar irradiation data. As illustrated in Fig.6 (a), the
voltage RMS is maintained at PCC, and Fig. 6 (b) shows
the active power at the PCC.

Main : Graphs -
= \/pce bla]
20.0 =
<
SeC 000 010 020 030 040 050
| 4 »
(@ |
Main : Graphs -
= Ppce bl
0.200 ——=—

sSec

(b)
Fig. 6 (a) the voltage RMS is maintained at PCC and (b)
shows the active power at the PCC.

In Fig. 7 (a) and (b) are shown the comparison
between THD1 in phase A at PCC under STC condition
and with difference temperature and solar irradiation
data. The graphs are display using a polymeter in
PSCAD that mix the harmonic distortion (%) with its
harmonic index (1-15).

Harnonic Qurrent Distortion in phase a (%)
100.0 =

[5] 317008

(a)
Harmonic current distortion at phase a
100.0 pm i

15) 12.2481
(b)
Fig.7 (a) the THDi in phase A at PCC under STC
condition and (b) under difference temperature and
solar irradiation condition
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4 CONCLUSION

In this paper, the PSCAD software was selected to
develop PV Grid-connected system to the power
distribution grid. The impact of varying the solar
irradiance and temperature condition on the PV system
was simulated with developed model. The converter
control module was used to generating the switching
signals with SPWM for inverter. For analysis of the
THDi was used by standard models in PSCAD such as
FFT and Harmonic Distortion models at PCC. The
simulation results show that, various power quality
issues such as over voltage, under voltage, power
fluctuation, and current harmonic distortion occurred in
the grid power system. The study can confirm the
impact of power quality on the grid system when the
solar radiation is fluctuated therefore this issue must
have to take in to account in order to select a proper
device for the PV Grid-connected system.
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ABSTRACT

Generator is the important part of the power system. To
maintain the stability of power generator, preventive
maintenance is a necessary tests and partial discharge is one
of solution to diagnose insulation condition. Therefore, this
paper presents the on-line partial discharge measurement
and partial discharge identification on power generators. The
partial discharge pattern of two 13.8 kV nominal voltage
turbine generators are measured and investigated by
commercial tool via capacitive coupler 80 pF. The results
show that partial discharge signals and patterns can be
detected in all phase of two generators. Type of partial
discharge can be identified by analyzing the pattern based on
phase-resolved partial discharge (PRPD). The T-F map is
used to separate the phenomena for different kinds of PD
source waveforms. It is found that each partial discharge
phenomena in the power generators was not severe.
However, the investigation on these PD must be timely
observed.

Keywords: Partial Discharge; PD Detection; Generator;
TFmap

1. INTRODUCTION

A. Partial Discharge in Generators

Partial discharge on generators mainly consists of
internal discharge, surface discharge and corona
discharge. Internal discharge occurs in gas gap inside the
insulation. The discharge occurs when the total field
inside the cavity is equal to inception field. Surface
discharge occurs on insulation surfaces, due to defects
between two metallic with different electric field stress.
External corona discharge occurs at a sharp metallic
point.. Therefore, the PD pattern on generator can be
mainly classified into seven phenomena as distributed
microvoids, embedded delamination, conductor side
delamination, slot discharge, stress grading, sparking in
air gap and bar-to-bar / bar-to-ground. Each
phenomenon shows the different pattern in phase
resolved partial discharge (PRPD). Generally, power
producers need to be secure on electricity supply to

customer. Therefore, the preventive maintenance for
power generator is always needed in every 6-8 mounts.
In this case, a power producer has found corona noise at
generator unit 1 and suspected other PD in Generator
unit 2 because of the same environment with first
generator. Therefore, the investigation on partial
discharge was set up to analyze the suspected problem.
The results and analyzed are shown in this paper.

B. Partial Discharge Detection

Partial discharge detection can be divided into two
types that are on-line measurement and off-line
measurement. The on-line measurement techniques are
such as High Frequency Current Transformer (HFCT),
acoustic detection and Ultra High Frequency (UHF)
detection while the off-line testing techniques are such
as high potential (hipot) testing, IEC60270 conventional
PD detector [1], power factor and dissipation factor
testing, Very Low Frequency testing (VLF). Those PD
detection types are used to detect the abnormal condition
of the insulation system in high voltage equipments.
Moreover, these tools can identify the problem’s causes
and severity. Then the maintenance can be properly
acted.

Partial discharge detection techniques according to
IEC 60270 standard [1], known as conventional method,
is widely accepted with the highest accuracy. This
technique can describe the phenomena of internal
discharge, surface discharge, and air corona. The test
circuit is represented in Figure 1. The circuit comprises
coupling capacitor (Ck), noise filter (Z), input
impedance of measuring system (Zmi), connecting
cable, coupling device, measuring instrument and test
object (Ca). Then, the discharge patterns can be
observed. Some examples on discharge patterns in [2]
are given in Fig. 2.

Z
AC £

Source T e —|:C"
Z Coupling

Device

Measuring
Instrument

Cable

Fig. 1 IEC 60270 standard for conventional PD test.
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Fig. 2 Partial discharge patterns

2. ON-LINE FOR PARTIAL DISCHARGE DETECTION

In this paper, on-line partial discharge detection on
power generator was observed by using unconventional
diagnostic commercial tool. The testing equipment
includes capacitive coupler, PD detector portable tool
and connecting device.

A. Capacitive Coupler

Capacitive couplers as shown in Fig. 3 are used as
the sensors to detect PD signal stator winding. They are
connected with main bus bar of the generator at all three
phases. The signal cables (RG58) are used to connect
between capacitive coupler and Link Box outside the
generator for user interface.

Bus bar

Capacitive
Coupler

Link Box »

Signal cable
(RG58)

Fig. 3 Capacitive Coupler Connected to
bar.

B. Measuring System for Generator Unit 1 and 2

Generators unit 1 and unit 2 are connected to Link

Box via capacitive coupler with 80 pF as presented in
Fig. 4 and Fig. 5. Terminal A, B, C are connected to PD
detector portable tool, High Pass (HP) filter are needed
for noise rejection and PD detector must be
synchronized with system voltage of the generator in
order to identify the partial discharge using Phase
Resolved Partial Discharge (PRPD) method. The
connecting cables between Link Box and PD detector
portable are RG58. Moreover, the WIFI is used to
connect between PD detector and computer for
acquisition data. The PD software as Graphic User
Interface (GUI) is used to analyze the partial discharge
pattern as well as partial discharge waveform.
The specification of the PD detector portable
commercial tool called the Ultra Wide Brand (UWB)
digitizer is 3x100 MS/s, the bandwidth is in between 16
kHz to 35 MHz. Waveform Fast Fourier Transform
(FFT) spectrum shows in real time PRPD pattern. The
T-F mapping as technology is used to separate the PD
phenomena. The process entire waveform of PD pulse is
recorded by this tool.

C. T-F Mapping

Fast Fourier Transform (FFT) is applied to separate
the signals into different frequencies and time-lengths.
Later on, those signals can be plotted into T-F map [3]
in order to classify types of signal such as noises or PD
pulses. For example, two pluses as slow and fast pluses
shown in Fig. 6, they are analyzed and plotted in T-F
map as shown in Fig. 7. Finally, these phenomena
located in different parts on T-F map are indentified the
types of signals.
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Fig. 4 Measuring system for generator unit 1.
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Fig. 5 Measuring system for generator unit 2.
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Fig. 6 Waveforms separated by FFT.
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Fig. 7 Signal phenomena in different parts on T-F map.

3. TEST RESULTS

In this paper, two generators with rated voltage 13.8

kV were measured and investigated by using PD
detector. The capacitive couplers with 80 pF were
installed at the bus bar in both generators. Partial
discharges signal in three phases of 2 generators were
observed and investigated by using PRPD and pulse
wave form. The identification was based on pattern in
PRPD as worldwide technique [4].

D. Background Noise

Before any analysis, the background noise must be
mitigated. They are caused by the variation in voltage
from external source as well as communication signals,
resulting to also cause some currents to flow between
the source and the capacitance of the system being
tested, even without a PD event in the test object. The
background noise is detected in commercial tool. In this
test, background noise lower than 5 mV was removed as
shown in Fig. 8.

2.00E-2
N
~— 1.00E-2 e N
= ‘.n'
m ¢ O Ty
B 0.00E40 f Background noise
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-2.00E-2

0 90 180 270 360
Phase [°]
Fig. 8 Background noise in the system.

E. PD Detection on Generator Unit 1

For generator unit 1, the partial discharge appeared
in all phase with different phenomena. In phase A, the
entire PD pattern in PRPD is shown in Fig. 9 (a). This
pattern can be separated into two phenomena as given in
Fig. 9 (b) and (c). The cause of two phenomena is
analyzed and identify to be distributed microvoids.

Partial Discharge Pattern
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Fig. 9 Detected signal on phase A of in generator unit 1
(a) Entire pattern of detected PD (b) Phenomenon
shows I° internal PD (c) Phenomenon shows 2"
internal PD.
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In phase B, the entire PD pattern in PRPD of Phase
B is shown in Fig. 10 (a). Similarly, this pattern can be
separated into two phenomena as given in Fig. 10 (b)
and (c). The first phenomenon shows stress grading at
overhang of phase B while the second phenomenon is
cross-talk from phase C.

Partial Discharge Pattern
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Fig. 10 Detected signal on PHASE B of in Generator
Unit 1 (a) Entire pattern of detected PD (b) 1"
Phenomenon shows stress grading (c) 2" Phenomenon
is cross-talk from another phase.

In phase C, the entire PD pattern in PRPD of Phase
B is shown in Fig. 11 (a). Similarly, the pattern can be
separated into three phenomena as given in Fig. 11 (b),
(c) and (d). The first phenomenon shows stress grading
at overhang of phase C while the second and third
phenomena are the cross-talk from phase B.
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Fig. 11 Detected signal on phase C of in generator unit
1 (a) Entire pattern of detected PD, (b) I Phenomenon
shows stress grading, (c) 2" Phenomenon is cross-talk
from other phase, (d) 3" Phenomenon is cross-talk from
other phase.

F. PD detection on Generator 2

For generator unit 2, the partial discharge appeared
in only phase A and C. All patterns are shown in PRPD.
In phase A, two phenomena of distributed microvoids
were detected as shown in Fig. 12 (b) and (c). For phase
B, only cross-talks form phase A were appeared as
shown in Fig. 13 (a) - (d). In phase C, the partial
discharge is a discharge in air gap between busbars and
pressure finger in the region as shown in Fig. 14.
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Fig.12 Detected signal on phase A of in generator unit 2
(a) Entire pattern of detected PD (b) Phenomenon
shows I° internal PD (c) Phenomenon shows 2"
internal PD.
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Fig.13 Detected signal on phase B of in generator unit 2
(a) Entire pattern of detected PD, (b) 1" Phenomenon is
cross-talk from other phase, (c) 2" Phenomenon is
cross-talk from other phase, (d) 3" Phenomenon is
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Fig.14 Detected signal on phase C of in generator unit 2

G. Problem Resolving

In this case, the amplitude of PD signals is not high.
Therefore, the trend of PD needs to be observed closely.
Then, if the partial discharge has higher amplitude and
repetition rate the visual inspection is needed to take
action.

Nowadays, the PD monitoring is used to be a system
for observing the insulation system of the power
generator and for alarming to a Central Unit (CU) placed
in the utility headquarter [5].

4, CONCLUSION

The capacitive couplers are used to be sensors for
partial discharge detection on power generators. Two
power generators as nominal voltage 13.8 kV were
investigated. The partial discharges from different
sources and noises on entire PD pattern were separated
by wusing T-F map. In field measurement, the
background noise is not stable like in laboratory. Then,
the noise should be rejected to clearly show the PD
pattern to identify the correct results. The distributed and
stress grading were found in both generators with low
amplitude. In the conclusion, the defect caused from
insulation aging can cause the degradation of power
generator because of high electric stress, mechanical
stress and partial discharge initiation. Therefore, the life
extension of generator can be achieved by the good
maintenance as condition based-management.
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ABSTRACT

This paper proposes electric vehicle loads for power
flow analysis based on User Define Models (UDMSs) in
power system analysis toolbox (PSAT) programming.
According to the development of EV technology, the
EV has totally designed and made for using in city
area as city cars. To study the proposed performance,
the EV load is modeled as the function box equivalent
on PSAT connected to the single line diagram of power
system model. The IEEE 14 bus system is selected for
testing EV load model compared between PQ load base
case and EV load. This proposed EV load model can be
used to simulate for solving the power flow analysis
under continuation power flow (CPF) method. The EV
load model is directly affected to voltage stability
margin when the EV load increased. Therefore, this
study can be verified that proposed EV load can use to
study the EV load in the future works.

Keywords: Electric Vehicle Load; Power Flow Analysis; ,
Load Voltage Diaviation, Continuation Power Flow Method

1. INTRODUCTION

Recently, the study of electric vehicle (EV) in power
system has been an interested to research on electrical
power system. The high penetration of EV load in the
electrical power system will be important to analyze and
solve power flow for tracking power system problem.
The energy management system (EMS) are required to
system management and optimize of energy
consumption from energy sources. Because of number
of EV load charger may be charged at the same time at
same power grid line. Therefore, it is necessary to
develop an effective EV load and to investigate the
impacts on power system operation.

Fig.1 The smart grid concept is the integration of
electrical and communication infrastructures with
advance process automation and information
technologies within the existing electrical network.
Smart grid represents a complete change in the way
utilities, politicians, customers, and other industry
participants think about electricity delivery and its
related services. Consequently, the role of EV load is

coming to consume energy in demand side of grid and
control from EMS. The impact of EV charging station
was effected to reduce the steady state voltage stability
by the modeling based on harger of EV battery. It is
observed that the power voltage relationship confirms
the analytically derived load characteristics consist of
constant power component and voltage dependent power
component [1].The EV load was evaluated of their
impact on system oscillatory stability based on voltage
profiles. The dependent load characteristic was found
that EV load was the high impact to power system when
compared to conventional PQ loads in single machine
infinite bus (SMIB) [2]. The EV load from constant
power without considering the voltage profile of EV
charging system. The EV charging system cannot
provide the accurate information about behavior of
charging system during charging process. Therefore EV
load is developed based on ZIP load that can be used to
analyze the behavior of EV charger and integrated to a
power grid and determined the impacts of EV charging
load [3].A model of new plug-in electric vehicles
(PEVs) for power flow studies based on voltage source
converter (VSC) and PEV active power from
instantaneous state of charge and discharge is proposed
in [4]. The PEVs were effected to voltage profile and
can improved voltage stability on power system. The
experimental results on laboratory scale measured and
derived the model of new load subject to the large
voltage change and theirs effect on voltage stability
studies based on static load model [5].The queuing
theory based in a PQ bus with stochastic characteristics
of electric vehicles demand system were closed formulas
for real and reactive power of the EV demand system
from charging time that can be found in [6].
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The rest of this paper is organized as follows: Section
2 proposes the EV load modeling for power flow
analysis that consists of EV load modeling, Newton
Raphson power flow with EV load, continuation power
flow and load voltage deviation. User defile modeling
and interface is presents in Section 3. Section 4 shows
the simulation results based on IEEE 14 bus test system.
Finally, the conclusion and discussion are given in
Section 5.

2. EV LOAD MODELING

Fig. 2 shows the voltage dependent load
characteristics that was represented of EV load model
based on the group of Plug-in Electric Vehicles (PEVs)
charger in power grid connection. The dc-dc convertor
stage is to achieve the required charge current suitable
for different state of charge condition and cell
temperatures control of battery. Generally the EV load
model can be shown in [1],[2] from equation (1) and in
practical can be done using in equation (2) and (3),
respectively. The EV load model are required
parameters for completely load that came from
experimental results by testing the EV fast charger.
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Fig.2 The ac-dc converter at the grid interface and dc-
dc converter of a PEVs charger [9].
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where V and V|, are the rated voltage and nominal

voltage. The 6@ indicates the power factor of the
connected load, while a,b, « are the constant power,
voltage dependent power and exponential component of
load, respectively. The P, refers to the real power
consumption of load at voltage 7, . So that the real and
reactive power of EV load are given byPandQ,
respectively.

3. NEwTON RAPHSON POWER FLOW WITH EV LOAD

The EV load identified voltage dependent load
(VDL) characteristics. Therefore, accommodating it in
Newton-Raphson power flow algorithm requires certain
modifications to the algorithm. The required
modifications to the real and reactive power flow
equations of the algorithm are shows in equation (4) and

(5) [10].
Ny-1
P, =P, (v)=v, Z v, [Gl./. cosJ; + B, sin é'l/] 4)

i
k=1

Npo

O —0n (v)=v, D, [G,.j sind; + B, cosé‘[/], (5)
k=1

where J, is the bus voltage angle between buses i and
j . The total number of buses and number of load buses
are represented as Nyand N,,, respectively. The
injection real and reactive power at bus i are
represented by, P, and Q,,, respectively. The real and
reactive power consumption of the load at bus i are
given by P, and Q,, , respectively. The conductance and
and B,

susceptance of feeder #j are described by G >
respectively. Consequently, the diagonal elements of J,
and J, of standard power flow Jacobian should also be

modified. The modification required are show from
equation (4) and (5) in term differential equation into
sparse matrix of Newton-Raphson power flow
algorithm.

4. CONTINUATION POWER FLOW METHOD (CPF)

In order to study the impacts of different loading
margin for sizing of PEVs in an electrical power system.
Therefore, the CPF method were used to solve the
standard power system model from a set of nonlinear
differential algebraic equation, as follows:[11]

X’=f(X,y,p) (6)
0=g(x,»,p) (7

where X are the state variables x € R", yare the
algebraic variables y €= R™, p are the independent
variables p €—> R!; fare the differential equations
fR*XR™x R +— R®, and g are the algebraic
equations g: R™ x R™ x R! — R™,

The CPF method consists in a predictor step and
corrector step. The inserting load parameter A
reformulate the load flow equation. The solving
problems were applied parameterization technique and

can be adapted real and reactive power from equation
(4),(5),(6) and (7),respectively [11],[12].

0=f(x»4) ®)

0=g(x,5.4), ©)
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where A € R is the loading parameter, which is used to
vary base case generator and load powers, F,,,P,, and

0,,» respectively, as follows:

P, =(A+7k; )Py (10)

[£.0,]=4[R,.0,,] (11)

5. LOAD VOLTAGE DIAVIATION (LVD)

The LVD was used to solve the bus voltage deviation
that effected from load increase into the electrical power
system. The LVD need minimize value of load voltage
bus can be described in equation (12) [12].

(12)

n ”C‘f_ 2
LVD:Z(V"—JJ ,
k Vk

where V.

ref

setting at 1 p.u. and load voltage bus, respectively.

and V, are voltage reference in normally

6. USER DEFINE MODELS AND INTERFACE

The EV load modeling was develop from equation (2)
and (3). By using User Define Models (UDMs) and
interface EV model block, the simulink library was
designed in PSAT program. The two parts are required
relate by convert all electrical power system model and
EV model test system in GUI block to M-file data for
preparing the first data. The basis method are describes
as below. The PSAT is selected for power system
analysis which is open source program running on
MATLAB and GNU/Octave based software package.
The PSAT can be used to analyze and design the
electrical power system for solving the complex problem
[11]. The UDMs were allowed extending the capability
of function model defining by user and help end-user to
quick set up their own models. The UDMs of EV load
model can be created by means of the GUI and EV load
model on GUI of Simulink library depicted in Fig. 3.
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Fig.3 The EV load model on GUI of Simulink in PSAT.

The EV load modeling is created from UDMs
function and EV load model on GUI of Simulink library
in PSAT must be rerated and linked the parameters. The

language programing skill for development EV load
model in process of function in PSAT are required.

7.SIMULATION RESULTS

The IEEE 14 bus system base case used an EV load
is connected via 100MVA 13.8kV/416V step-down
transformer at bus No.15 as shown in Fig.4. The EV
load are represented the group of DC fast charging unit
for Plug-in Electric Vehicle in distribution system. To
determine the EV load from equation (1) and (2)
parameter of a ,b ,« and power factor are 0.07, 0.96, -
3.107 and pf =0.96, respectively. The simulation

results showed comparison of voltage profile and PV
curve between base case and proposed EV load
installation at bus No.15 by vary power rated of EV load
SMVA, 10MVA, 20MVA, 30MVA, 40MVA, 50MVA,
70MVA and 79MVA, respectively.
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Fig. 4 The IEEE 14 bus test system and an EV load fleet
via transformer step-down at bus 15.
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Fig. 5 The IEEE 14 bus test system base case.
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Fig.6 The IEEE 14 bus test system and a EV load
50MVA fleet via transformer step down at bus No.15.

The general load profile base case for the whole load
is the depicted in Fig.5. It shows a load voltage of PQ
load was installed in the power system. The total power
loses and LVD are 0.1358 p.u., 0.2749 p.u. and 0.0313
p.u, respectively. Fig.6 showed the load voltage profile
with sizing SOMVA of EV load into the power system at
bus No.l5 that the load voltage profile each bus are
changed the total power loses and LVD are 0.2606 p.u.,
0.8201 p.u. and 0.0411 p.u, respectively.

Voltage Magnitude Profile
1.4 T T T T T

V[p.u]

1 2 3 4 5 6 7 8
Bus #

9 10 11 12 13 14 15

Fig.7 The IEEE 14 bus test system and a EV load
79MV A fleet via transformer step down at bus No.15.

Fig.7 shows the high impact of EV load that was
effected to load voltage profile with sizing 79 MVA of
EV load into the power system at bus No.l5. The
effecting voltage magnitude was directed at EV load
connect to bus No.15 and other bus. The total power
loses and LVD are 0.9625 p.u., 3.4328 p.u. and 0.6724
p.u, respectively.
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PQload Model | 4
e TONA oy SWVA A& SOIWA - 20WA LA TR
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Fig.8 PV curves by vary EV load fleet via transformer
step down at bus 15.

The simulations above to find out the PV curve by
vary sizing of PQ load and EV load at bus No.15.The
simulation results were compared characteristic of curve
when loading any sizing. The loading margin of PV
curve from EV load were changed from 4 p.u. to 1.8 p.u.
opposite from direction of sizing EV load, while the
loading margin of PV curve from PQ load were changed
from 3.6 p.u. to 1.2 p.u.. Therefore, it is necessary to
analyze loading margin and capability of power system
when carrying any sizing EV load in to power system.

TABLE I. TEST RESULTS

Ploss (p.u.) QOloss (p.u.) LVD
Test Case
EV PO EV po | EV PO
IEEE 14
Bus (Base 0.1358 0.2749 0.0314
Case)
’1\ER§$ 0.1435 | 0.1429 | 03092 | 03068 | 0.0304 | 0.0305
+1EV/PQ N y
(onfva) | 01519 | 01507 | 03469 | 03414 | 00294 | 0.0205
;:10.5\}\1:3 01715 | 0.1684 | 04335 | 04197 | 0.0284 | 0.0285
+1EV/PQ . N . e N N
Gonvay | 01953 | 01893 | 05378 | 05115 | 00204 | 0.0289
;110]‘5\}\11? 02244 | 02139 | 06641 | 06188 | 00331 | 0.0315
+1EV/PQ R Sn oo | 0 aan ,
(lonrva) | 02606 | 02430 | 08202 | 07447 | 00411 | 0.0368
;}0?\}‘1’3 03760 | 03202 | 13061 | 1.0730 | 0.0868 | 0.0611
Oontvay | 09625 | 03677 | 34328 | 12713 | 0.6725 | 0.0825

The results from Table 1 can be shown that the
power loss, reactive loss and LVD from vary sizing of
PQ load and EV load in to test system. To increase for
sizing of EV load was increased the power loss reactive
loss and load voltage deviation of power system more
than PQ load. The LVD of system was shown each PQ
load and EV load sizing to install in to at bus No.15.
However, some sizing of PQ and EV load such as
20MVA can be improved load voltage deviation of
power system. Therefore the EV load sizing had been
effected total loss in power system and level of voltage
deviation when compared with PQ load.
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8. CONCLUSION

The modeling of EV load from development based
on UDMs in PSAT programing can be used to solve
power flow analysis. Therefore, the IEEE 14 bus test
system can be used a very simple from GUI and quickly
to solve the electrical power system problem from EV
load model. In the results of test system show the sizing
of EV load model were effected the steady state of
voltage stability in term of voltage magnitude profile,
total power loss, LVD and loading parameter. Future
more, the studying location and sizing to install EV load
in power system are necessary to optimize and suitable
in the power system for system stability.
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ABSTRACT

This paper presents a modified carrier-based
pulsewidth modulation (PWM) strategy for the grid-
connected three-level neutral-point-clamped (NPC)
converter system. The gating signals are generated by
comparing the single carrier wave with the modified
modulating waves. The control method of the grid-
connected system is applied for the voltage oriented
control scheme, which provides independent control
active and reactive powers flow into the utility grid and
maintain the dc-link voltage constant. The feasibility of
the developed proposed modulation technique for the
grid-connected three-level NPC converter system is
confirmed by simulation and experiment results, which
is validated the performance and effectiveness of the
presented method.

Keywords: Three-level neutral-point-clamped voltage
source converter, carrier-based pulsewidth modulation
technique;  grid-connected  system;  grid-connected
control strategy, multilevel converter.

1. INTRODUCTION

Multilevel converter topologies have recently been
extensively applied in high-power medium-voltage
industrial applications. The advantages of these
converters are higher quality output voltage waveforms,
reduced output voltage and current harmonic distortions,
and lower semiconductor voltage stress when compared
with a standard two-level converter topology [1]. The
most popular topology of multilevel converters is the
three-level NPC converter. These converters play a
pivotal role in high-power industrial applications such as
composition of renewable energy sources, active-front-
end converters for motor drive systems, grid-connected
systems, and energy storage systems. Fig. 1 shows the
equivalent circuit of the grid-connected three-level NPC
converter. The control scheme of a grid-connected

converter is usually providing control power factor, dc-
link voltage regulation and low harmonic distortion of
current [2]. Moreover, the modulation technique for
three-level NPC converter should be designed the simple
algorithm and processed very fast. Typically, the
modulation technique for three-level NPC converter
could be generally classified into two groups, which are
carrier-based modulation technique and space vector
modulation technique. Amongst these modulation
techniques, the carrier-based modulation technique has
probably been the most popular due to its simplicity of
implementation.

Several modulation techniques have been found in
recent literatures to the grid-connected three-level NPC
converter applications. In [3] was presented a novel
modulation strategy for a three-level NPC converter.
The proposed modulation strategy is provided by adding
the minimum and maximum of the reference voltages to
the output reference voltages that is obtained from the
modified modulation signals. The proposed modulation
strategy completely removes the low-frequency voltage
oscillations that appear in the neutral-point voltage. In
addition, this technique can be implemented with a very
simple algorithm and processed very fast. Nevertheless,
this technique is required two triangular carriers with
modulation signals for generate the gate pulses. The
single-carrier modulation technique for three-level NPC
inverter in photovoltaic (PV) systems was presented in
[4]. This technique can eliminate the leakage current
through the common-mode voltage control system. It
has a very simple structure. Although this method
performs well, it requires a specific and modified
modulation switching signals with analog circuits. This
increases the implementation cost and complexity of the
method. The direct power control has been developed
for PV grid-connected system with three-level NPC
converter [5]. In this method, the active and reactive
powers are used control variables. This method has
demonstrated good dynamic performance of the grid-
connected system.

Therefore, the main contribution of this paper is to
present the superiority of modified modulation
technique for the grid-connected three-level NPC
converter system. This converter is operated on the
voltage oriented control to maintain a dc-link voltage
constant, and feed the active power into the utility grid.
The paper is organized as follows. Section II gives
configuration of the grid-connected three-level NPC
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converter system. A voltage oriented control is used in
this paper to control the grid-connected converter and
the considerations required to implement the proposed
modulation technique are discussed in Section III and
IV, respectively. The simulation and experimental
results which verify the proposed method are present in
Section V. Finally, Section VI draws the conclusion.

2. CONFIGURATION OF THE GRID-CONNECTED THREE-
LEVEL NPC CONVERTER SYSTEM

A. Description and Operation of Grid-connected
Systems

Among the various multilevel converter topologies, the
most popular topology in high power industrial
applications is the three-level NPC converter. One of the
advantages of this converter is that the power switches
and the dc-link capacitors have to endure only one-half
of the dc-link voltage. As a result, the converter can deal
with double voltage and power value than in a standard
two-level converter with the same switching frequency.
Fig. 1 shows the simplified equivalent circuit of a grid-
connected three-level NPC converter. The converter
consists of twelve active switches and six anti-parallel
diodes. The grid-side is connected using three inductors
with loss resistor for inject current to cancel the
harmonic component current. On the de-link side of the
converter, the dc-link voltage capacitor is split into two,
providing a neutral point and must be regulated and
balanced.

gﬁ
M|
Al

%0
|
71

Fig.1. Equaivalent circuit of the grid-connected three-
level NPC converter.

B. Dynamic Model of Grid-connected Systems

Considering the ac output from a converter in Fig. 1,
assuming ideal commutation and neglecting the effect of
harmonics, the voltage equations that model the grid-
connected three-level NPC converter can be derived as
follow:

d
=R, +L,— d ot T Vi
+ d,;
=R, Lg51g3+vi3 (1)
d
oo = Rlpe L, — d o tVie

where v

gA’v

w5 Vec are the phase grid voltages,

VIA >

lyislggslyc are phase grid currents, R, andL, are the

Vv,V are the phase grid-side converter voltages,

resistance and inductance of the utility grid.

f-axis

g-axis

d-axis
(rotating)

:vgd

a-axis
(fixed)

Fig. 2. Phasor diagram
level NPC converter.

of the grid-connected three-

A dynamic mathematical model of grid-side
converter is developed in its original three-phase abc
frame. This three-phase model is transformed into the dg
rotating reference frame. From (1), the voltage equations
of the grid-connected system on the rotating reference
frame are depicted as follows:

d
Rglgd +L d a)nglgq +vy,
(2)
Vg = Rglgq +Lg dt +a)ng1gd +v,

where, v, and v, are the d-axis and g-axis grid

&

voltages, v, andv, are the d-axis and g-axis inverter

voltages, i,andi, are the d-axis and g-axis grid

currents, and @, is the electrical angular of the grid.
The phasor diagram for the vector control of the
grid-connected converter is shown in Fig. 2. By placing
the d-axis of the rotating reference frame on the utility
grid voltage vector, v, and v, are set to zero and

constant, respectively. The equations of the active power
P, and reactive power (), in rotating reference frame,

which is aligned in the utility grid, can be calculated as

=1. 5vgd od (3)
Qg =-1.5v i

gd"gq

From eq. (3), the grid-connected control system can be
produced active and reactive powers with the controlled
d-q axis current components. The ¢-axis current
component is set to variable for reactive power control.
The dc power has to be equal to the active power
flowing between the utility grid and the dc-link
converter. Thus,
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d
Cdc_Vdc :[C,dc =1

dt g.dc - Idc (4)

where V, is the dc-link voltage, 7, is the current

between the de-link and the rotor-side converter, 7, ;. is

the current between the dc-link and the grid-side
converter, and C,, is the dc-link capacitor.

3. CONTROL SYSTEM OF GRID-CONNECTED THREE-
LEVEL NPC CONVERTERS

To illustrate the control system of the voltage
oriented control method for the grid-connected three-
level NPC converter system is presented in this section.
The purpose of the grid-connected system is to present
the modified modulation technique in generated the
gating signals for the grid-connected three-level NPC
converter system as shown in Fig. 3. The three-level
NPC converter is operated on the voltage oriented
control to maintain a dc-link voltage constant, and feed
the active power into the utility grid. Traditionally, the
grid-connected converter can be used to produce active
and reactive powers with the controlled d-¢ axis current
components, respectively.

Via |—
V* Proposed ||
_'*BPModuIation
be|Vic, | Technque _’_p
aopc | i
wzt Phase-locked
Loop
| $L,
Lo Vg
dq
i i
84 g
abc |+ )]
Utility Grid

Fig. 3. Block diagram of the proposed grid-connected
three-level NPC converter system and controller using
the proposed modulation technique.

For the grid-connected voltage oriented control, a
complete control scheme of the grid-connected three-
level NPC converter is indicated in Fig. 3. This scheme
has three control loops, one external loop to control the
dc-link voltage and two internal loops to regulate the d-g
current components, the d-axis current component is
utilized to regulate the dc-link voltage and the g-axis
current component is utilized to control the reactive
power. The output active power and the power factor of
the utility grid can be controlled by changing d- and g-
axis current components, respectively.

In the control scheme, the dc-link voltage controller
is the outer loop, while the current controller is the inner
loop. The main objective of the control scheme is to
regulate dc-link voltage ¥V, to follow the reference

value V. , while the grid current is sinusoidal shape and
either in-phase or out of phase with the utility grid. The

dc-link voltage error is delivered to proportional-integral
(PI) dc-link voltage controller, which generates the

reference value of the current in d-axis component i;d .
To achieve the unity power factor condition in the grid-
side converter, the referenced current value of g-axis
component i, is set to zero, O, =0 VAR .

The current errors are delivered to PI current
controllers that generate the inverter voltage references.
The compensations correspond to the inverter voltage

references and decoupling terms (DE) of the current
components. Therefore, the inverter voltage references

Vig»V;, canbe given by:

i

* *

Vie = Vi T O L1, +Vy,
Lo )
Vig = Vigg ~ Pgliglea

After transformation into the three-phase reference
frame, the reference voltage v,,,v,,,v,. are delivered to

the proposed modulation technique which generates
switching signals for the three-level NPC converter.

H. Design of dc-link voltage control

The dc-link voltage controller is used to generate the
reference current in d-axis component for the current
controller. The aim of this controller is to keep the dc
voltage constant on the dc-link, which is changed
according to balance of power replaced by the converter.
The design of the dc-link voltage controller has been
designed to achieve short settling time and fast
correction of the error. The dc power has to be equal to
the active power, £, =F,, flowing between the utility

grid and the dc-link inverter. The expression for the

average de-link grid-side current 7, , is given by
3 Vealgq
[, =2 el 6
g.dc 2 Vdc ( )

Substituting (6) into (4), the differential equation of the
dc-link voltage is expressed as

d 3 vgdigd _I (7)

—V =
dt dc 2Vdccdv dc

By Laplace transform in (7), the closed-loop transfer
function of the dc-link voltage controller, obtained from
Fig. 4, can be written as

3 Vi
Vo (s) 2v,C, (ks 52
“ — I/(-k de V (8)
Vae (S) s’ +g il kws+§ -l k,
2’ Vdccdc ! 2 Vdc Cdc

Therefore, the parameters of PI controller of dc-link
voltage control can be calculated as
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gd
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where k, and k, are the proportional and integral

parameters of the dc-link voltage control, respectively,
w,, is the natural angular frequency of dc-link voltage

v

control, and ¢ is the damping ratio.

«(5)

k,.s+k;
i;d (S) — l;] (S) — Lg (12)
igd (S) igq (S) f_,_ms_,_ﬁ
Lg Lg

From the general form of the characteristic equation in
(12), the parameters of PI controller of grid current
control can be calculated as

k, =2éo,L

ni~—g
_ 2
k; = a)m.Lg

_Rg
(13)

where k, and k, are the proportional and integral

I (s)
v, . k, i () W, Ly ae (Sl— Lea(S)[ 1 4
- mt s 2V, Cus
de-link Voltage Plant
Controller

Fig. 4. Block diagram of the dc-link voltage control.
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Fig. 5. Block diagram of the grid current control.

1. Design of grid-connected current control

The d-axis and g-axis current controllers have the
same dynamic controls. Considering (2) with the d-axis
of rotating reference frame aligned to the utility grid
voltage vector, the grid-side inductance voltage
references v, ,,,v,,, are specified as

. . d .
Vigd = Rglgd +LgElgd
(10)
Vi = Rgigq + Lg Eigq

By Laplace transform the voltage equations in (10), the
transfer function of the grid current loop can be written
as

i (s) g, (s) ~ 1
vzgd (S) B ngq (S) B Rg +LgS (1 1)

Equation (11) shows that the relationship between grid-
side current and the grid inductance voltage is
equivalent to a first order system, which is suitable for
both dg current loops. The PI controller for achieving
good performance of tracking the dg reference current
signals can be synthesized for the desired closed-loop
transfer function. Therefore, the closed-loop transfer
function of the current controller in Fig. 5 can be written
as

parameters of the grid control, respectively, and o,, is
the natural angular frequency of grid current control.

4, PROPOSED PULSEWIDTH MODULATION STRETAGY
FOR THREE-LEVEL NPC CONVERTER

.(s) The traditional carrier-based modulation technique

of the three-level NPC converter uses the
sinusoidal/non-sinusoidal modulation techniques, which
compared with two triangular carrier signals [6]. The

three-phase sinusoidal reference signals v, ,. can be

given by

v, =m, cos(m,t)

s

v, =m, cos(wt—2/3r) (14)

s

ve =m, cos(w,t+2/37)

where m, is the modulation index and @, is the phase
angle (w, is the angular frequency, 27 f,).

The proposed modulation technique is modified the
sinusoidal modulating signal that uses the effective
three-phase  sinusoidal reference signal and the
maximum and minimum of the three reference signals.
This technique is based on only single triangular carrier
signal for generated the gating pulses to the three-level
converter. The general form of the modified modulation
reference signal equation for the proposed modulation
technique is defined as

LI *
VAM - vAP + VAN

ok *
vBM - VBP + VBN

(15)

* * *
vCM - vCP + vCN

where V), , is the modified modulation reference

signals and v, ,,V, .y are the positive and negative

reference signals.

The positive reference signals take the minimum of
the three-reference signals and subtract this value from
each of the three-phase sinusoidal reference signals,
which can be expressed as,
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. * * *
. —mln(vA,vB,vC)
A% =
AP
2
. * * *
. —mln(vA,vB,vC) 16)
\% =
BP
2
. * * *
. vc—mln(vA,vB,vC)
V, =
CP
2

Similar to (16), the negative reference signals take the
maximum of the three-reference voltages and subtract
this value from each of the three-phase sinusoidal
reference signals,

. max(vA,vB,vc)
v
AN
2
5 5 5 5
. vB—max(vA,vB,vC)
Ve = +1 (17)
2
. max(vA,vB,vC)
Ven =

The proposed modulation technique is shown in
block diagram of Fig. 6, where the three-phase

sinusoidal reference signals to generate the
It

can be seen that the modified modulation reference
signals are compared with the single triangular carrier
signal to generate the logic 0 or 1 signals of the
S,1-49851.4-Sc1_4- The logic of gate pulses is very

*
Ve

. . . * *
modified modulation reference signalsv . 5,V 5y -

simple as follows: if
Viser 2V = Sype, =ON, S, = OFF and  if
Visew 2 Vi = Supca =ON, S50, =OFF . Since the

inner gating pulses S,,., operate complementary with
S, 5c; and S, operate complementary with S ;. ,.

The practical implementation method is proposed
modulation technique using offset reference signal
concept. The main point of the proposed technique is
used only single triangular carrier signals for generated
the specified gating signals for three-level NPC
converter.

O

1

> [:

1

1

1

1

©

min

max

A

Fig. 6. Block diagram of the proposed modulation
technique for three-level NPC converter.
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5. SIMULATION AND EXPERIMENTAL RESULTS

In this section, simulation and experimental system
was built, and various results are presented. To evaluate
the performance of the proposed system, simulations are
performed by using Matlab/Simulink software. The
operation of grid-connected three-level NPC converter is
experimented to evaluate the proposed modulation
technique, which is represented by the block diagram as
shown in Fig. 7. The three-level NPC converter
prototype is realized using SEMIKRON
SKMS50GB123D IGBT modules and SEMIKRON
SKKD42F12 diode modules. Each leg of converter is
equipped with the two switch IGBT modules and the
single clamped diode module. A three-level NPC
converter is connected to utility grid with the 380V,
50Hz through the three-phase transformer (turn ratio
1:4). A dc power supply rated at SkW is connected to
the dc-link. The nominal converter dc-link voltage is
controlled at 180 V, the switching frequency of the
converter is 2.5 kHz, the dc-link capacitors are 3,300 uF
each, and the low-pass filter of grid is 12 mH. The
proposed control method is implemented in a ds1104
real-time control board, which acquires the dc and ac
voltages and currents. The digital platform sends the
gate signals directly to the gate driver circuit of the
three-level NPC converter.

® Lg
pc | L N
Power } J M @_H
Suppl
PPy T YYN : Utility
. Grid
~ i, Vi V,
—-—== [ R 2 & S 2422
| Gate Drives Voltage and Current
| (SKHI-61) Sensors

[

I @ Gating Signals
C::) dSPACE1104

Fig. 7. Configulation of the experimental set-up.

J. Simulation results

The simulated design is carried out to verify the
validity of the proposed system. The modified
modulating signals of the proposed technique are given
in Fig 8. In Fig. 8 (top), the sinusoidal modulating

. * * * .
signals v,,v,,v. are used to generate the modified

modulating signals as shown in Fig. 8 (middle). From
Su these figures, it can be shown that the waveforms of the
S, modified modulating signals are compared with the
Si single triangular carrier signal where the amplitude of
» the modulation index is defined as the relation between
# the peak amplitude of triangular carrier signal. The
1 modulated gating signals can be generated using
proposed the modulation technique for three-level NPC
2 converter as shown in Fig. 8 (bottom).
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3
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S
S
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Fig. 8. Single triangular carrier-based modulation
technqiue for generating gate signals.

Fig. 9 (a) also shows voltage and current waveforms
of the converter operating in the inverting mode. In this
condition, the active power flows from the dc-link side
into the utility grid. The phase displacement between the
grid-connected phase grid voltage and current of
converter is out of phase and the dc-link voltage is kept
constant. Similarly, Fig. 9 (b) shows the simulated
waveform by the converter for operation in the
rectifying mode. In this mode, the active power flows
into the dc-link, with in phase displacement between the
grid-connected grid voltage and the grid current.
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Fig. 9. Simulation results of the proposed
modulation technique for grid-connected three-level
NPC converter in unity power factor operation. (a)
Inverting mode. (b) Rectifying mode.
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Fig. 10. Simulation results of the proposed modulation
technique for grid-connected three-level NPC converter
of dynamic respone operation in the inverting mode.

As discussed earlier, the power factor of the system
can be controlled by adjusting the reference of the
reactive power. As can be seen from Fig. 10, the
dynamic response of the converter to a step changed in
reactive power reference control with active power
flowing from the dc-link into the grid. The reactive
power is stepped from +120 VAR to -120 VAR and the
active power is kept constant. It can be seen that the grid
current of converter can operate under the leading and
lagging power factor condition with the performance of
the dc-link voltage constant.

K. Experimental results

5 €,00 Vg 1

ED 2.00 Voo |

Ham © 12 k S/ iy

(a)

T A0 Yo
Main

1 Vey
T/ div

:'INIT 031011 0T 1 1

T2 700 VI = AT Vet P F00 Vage 0
Ty

Vean
S T AT TTLILLLLL v'_ Tl
V30001 11 X011 w11 (A (1L

Vsaa
i 11 0 T4

N O 5 6 R

JURIN N R T AU

o A o A T '

I8 N e
(b)

Fig. 11. Experimental  results of the proposed

modulation technique in phase A. (a) Modulation
reference signals. (b) Gating signals.
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The experimental results of the proposed prototype-
based laboratory prototype have been presented to
demonstrate the proposed system in practice as shown in
Figs. 11 and 13. Fig. 11 (a) and (b) show measured
waveforms of the proposed modified reference signals
and gating signals for power switches in phase 4 at the
modulation index of 0.8. The references can share single
triangular carrier signal. Therefore, the modulation
signals for the power switches located in phase B and C

can be obtained by £120° phase-shifting, respectively.
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Fig. 12. Experimental  results of the proposed
modulation technique for grid-connected three-level
NPC converter in unity power factor operation. (a)
Inverting mode. (b) Rectifying mode.
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Fig. 13. Experimental  results of the proposed
modulation technique for grid-connected three-level
NPC converter of dynamic respone operation in the
inverting mode.

Fig. 12 (a) shows dc-link voltage v, , the grid phase
voltage v,, and the current i, in phase 4, and the line-

to-line voltage of the three-level NPC converter v, at

unity power factor operation. In this condition, the
active power flows from the dc-link into the utility grid.

The reference of the reactive power Q; is controlled to

zero. It can be seen that the grid phase current is out of
phase with the grid phase voltage. It guarantees a null
reactive power on the utility grid. Similarly, Fig. 12 (b)
also shows experimented waveforms in the rectifying
mode. In this operation mode, the active power flows
into the dc-link, with in phase displacement between the
grid-connected grid voltage and the grid current.

The dynamic response of the voltage oriented control
technique to a step change in the reactive power
reference with active power flowing from the dc-link
into the utility grid is shown in Fig. 13. The reactive
power reference is step changed from -120 to +120 VAR
and the active power is kept constant at -420 W. It can
be seen that the grid-side converter can operate under
the leading and lagging power factor condition with
keeping the dc-link voltage constant. There are not
overshoot of either the grid current or the active and
reactive powers.

6. CONCLUSION

This paper proposes a modulation strategy for the
grid-connected three-level NPC converter system. The
proposed technique is employed only single triangular
carrier signal for generated the gating signals in the
converter and significantly simplifies the modulation

technique. The advantages are simple modulation
algorithm, reduced capacitor voltage ripple, lower
switching  frequencies, and  easy  hardware

implementation. This paper has also proposed the
control method of voltage oriented control for the grid-
connected system. The objective of the grid-side
converter control is to maintain the dc-link voltage and
independently control active and reactive power flow.
The experimental result confirms that proposed
technique is able to achieve good dynamic responses
and high accuracy in active and reactive power controls.
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ABSTRACT

The main purpose of this research were study the
factors determining towards the rate of adoption of
Voice over LTE (VOLTE), a case study of a
telecommuni-cation  operator. The  researcher
employed Adoption of Innovation theory (Everett M.
Rogers, 2003). The subjects were 400 employees of a
telecommunication operator in Thailand who were
selected by accidental sampling. The research revealed
that (1) Demographic factors including gender, age,
education, work experience were not determining
towards the rate of adoption of VOLTE (2) Factors
determining towards the rate of adoption of VOLTE
were perceived attributes of innovations (including
relative  advantage, = compatibility, = complexity,
trainability, and observability), communica- tion
channels, nature of the social systems, extent of
change agents’ promaotion efforts.

Keywords: Engineering Management, Forth
Generation, Voice over LTE, Long Term Evaluation

1. INTRODUCTION

Nowadays, communication is somewhat important
to life and business. Telecommunication industry is the
key driven world economic. Products and services
provider apply functional of mobile technology to
generate new products and services [1]. Through the
convenience of portability to use anywhere, the mobile
phone becomes the essential gadget to be the personal
entertainments or business transactions [2].

When looking backward to 2010, the total number of
mobile subscriptions was around 7.3 billion, including
539 million subscription for smartphones, but currently,
the number of smartphone subscriptions is noticeably
growing. The total number of mobile subscriptions in
November 2015 was 3,352 million and approximately
3,958 million in 2016. By 2016 the number of

smartphone subscriptions will surpass those for basic
phones [3].
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Fig. 1 The forecast of number of mobile subscriptions,
split per device types. (Source: Ericsson 2015)

Mobile broadband has created opportunities and
opened up new revenue streams for mobile operators.
Opportunities are often coupled with challenges, and
mobile broadband tests the position of communication
services, such as voice, which today account for around
60 percent of operators’ annual revenue or about USD
600 billion in 2014, globally. The precious question is
how to take advantage of mobile broadband
opportunities, while maintaining and increasing
revenues from communication services for consumers as
well as for business users at the same time [4].

LTE networks can deliver mobile broadband with
greater data capacity and lower latency. However, as
there is no circuit-switched voice domain in LTE, the
mobile industry has adopted a globally interoperable IP-
based voice and video calling solution for LTE, known
as VoLTE, which also enables development of new
innovative communication services.

GSMA reported, commercially VoLTE services
were launched in 51 mobile network operators in 29
countries globally by 29 February 2016 [5].

For Thailand, The Thailand Telecommunications
Indicators Year 2014-2015 reported, there are 97.1
million mobile subscriptions or 144.91 mobile
subscription a hundred of population and increasing
approximately 121.02 million by 2019 [6].

Table 1 The Thailand Telecommunications Indicators
Year 2014-2015

Mobile

2014 2015(%)
Mobile subscriptions (million) | 97.10 83.05
A hundred populations 144.91% | 123.53%

Source: NBTC, 2015
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2. MATERIALS AND METHODS
2.1 Concept of Voice over LTE (VOLTE)

Natively speech service on cellular network was
sending voice through circuit-switched. Although, data
services were supported since second-generation (2G) of
mobile systems were introduced in the end of 1980s, but
on 2G/3G mobile systems, voice and data channel were
separated [7],[8]. Fourth-generation (4G) was introduced
without voice channel, only package-switched was
developed, so while we are using data services on 4G,
mobile phone will be switching to using voice channels
on 2G/3G if voice services was originating or
terminated.

Voice over LTE technology was developed for
decoding speech into Internet Protocol (IP), then deliver
though LTE network. With this solution we can use
speech services on LTE networks [7],[8]. VOLTE has
become an evolution of Fourth Generation (4G) which is
based on the IP Multimedia Subsystem (IMS) network.
This approach results in the voice services (control and
media planes) were delivered as data flows within the
LTE data bearer. This means that there is no dependency
on the legacy circuit-switched voice network to be
maintained.

2.2 Theory and Concept of Innovation Adoption

Dependent Variable
that is Explained

Variables Determining the
Rate of Adoption

|. Perceived Attributes of Innovations
1.  Relative advantage
2. Compatibility
3.  Complexity
4, Trial ability
5. Observability

L. T\'pe of Innovation-Decision
1. Optional Rate of Adoption
2. Collective of Innovations

3. Authority

Ill. Communication Channels (e.g.,
mass media or interpersonal)

IV. Nature of the Social System (e.g.,
its norms, degree of network
interconnectedness, etc.)

V. Extent of Change Agents’
Promotion Efforts

Fig. 2 The forecast of number of mobile subscriptions,
split per device types. (Source: Rogers (2003))

Rate of adoption is generally measured as the
number of individuals who adopt a new idea. There
were five factors that determine rate of adoption of an
innovation [8].

2.2.1 The perceived attributes of an innovation.

The most five attributes are explaining the most of
the variance including [9],[10]: 1) relative advantage,
such as how does the new idea benefits over old ides, 2)
compatibility, such as how does the new idea consistent
with individual routine, 3) complexity, such as how easy
to learn on the new idea, 4) trainability, such as how can
demo the new idea, 5) observability, such as how can
experienced from adopted.

2.2.2 Type of Innovation-Decision

Innovations which was adopted by organization
with authority or collective decision making are
generally adopted more rapidly than when an innovation
is adopted by individual-optional [9].

2.2.3 Communication Channels

Variety and diversity of communication channels
help to delivering the information of new idea to
adopters becomes awareness of innovation [9].

2.2.4 Nature of Social Systems

A new idea which was introduced in the social
systems which high earlier adopters will be high rate of
innovation-adoption [9].

2.2.5 Extent of Change Agents’ Promotion Efforts

In this study mean telecommunication operators
who put effort introducing the innovation to adopters to
aware the benefit and compatibility to their life [9].

2.3 Research Model and Hypotheses
According to the theory, this study has in total 5
hypotheses as the follows:-

H1: The perceived attributes of VoLTE in adopters
view affects adoption of VOLTE.

H2: Type of innovation-decision affects adoption
of VoLTE.

H3: Communication channels affects adoption of
VoLTE.

H4: Nature of social systems affect adoption of
VoLTE.

HS5: Extent of change agents’ promotion efforts
affects adoption of VoL TE.
In additional to these five variables, researcher was

including additional two factors were:-

H6: Difference demography attributes is difference
rate of adoption of VoLTE.

H7: The influence of substitution technology affect
adoption of VoL TE.

Correspondingly, totally seven hypotheses have been
assumed.

3. RESULTS AND DISCUSSION

Table 2 The difference of demography on VoLTE
adoption attitude.

Sex | Age | Education Work
Experience
VoLTE’s x X X x
rate of
Adoption

v Difference with significant level at 0.05.
x Not difference with significant level at 0.05.
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In this study, ordinal and nominal measure was
developed to test the difference of demography
attributes and type of innovation-decision.

Table 2 shows that there are not different adoption
attitude to adopt VoLTE measured by group of
demography attributes including, sex, age, education,
working experience.

Also for measured by group of type of innovation-
decision on VoLTE adoption attitude shown in table 3.

Table 3 The difference of Type of Innovation-Decision
on VoLTE adoption attitude.

Type of
Innovation-Decision

VoLTE’s rate of Adoption x

v Difference with significant level at 0.05.
x Not difference with significant level at 0.05.

Others factors measured by using scale measure,
the questionnaire was reviewed by four specialists and
tested index of item objective congruence before 40 set
of questionnaire were used to test reliability of all
questions by Cronbach’s Alpha Coefficient scale.

Table 4 shows outcome of the reliability test that all
variables where consistent and reliable to be applied as
research instrument in this study with Cronbach’s Alpha
greater than 0.7

Table 4 Summary of Reliability Analysis.

Variables Cronbach’s

alpha

Perceived Attributes of 0.778

Innovations

Communication Channels 0.789

Nature of the Social Systems 0.798

Extent of Change Agents’ 0.893

Promotion Efforts

Substitution Technology and 0.754

Services

Based on the result of table 5, found the Adjusted R
Square was 0.203, represent to the percentage of
variance can be explained by five factors which was
20.3 percent for adoption of VoLTE.

Table 5 Result of model summary for the factor
determining towards the rate of adoption of Voice over
LTE (VoLTE)

Model Adjusted R Square

1 0.203

It was found that significance value of perceived
attributes of VoLTE, communication channels and
nature of social systems, change agents’ effort are less

than significant level at 0.05, while significance value
the influence of substitution technology greater than
significant level at 0.05. Therefore, H1, H3, H4, H5 are
supported, except H7. It means that perceived attributes
of VoLTE, communication channels and nature of social
systems, change agents’ effort are affecting on VoLTE
adoption where the regression equation is

ADOPT = 1.851 +0.255 (PE) + 0.118 (COMM) + 0.082
(SO) + 0.261 (OPER),

where:
ADOPT is VoLTE adoption,
PE is perceived attributes of VoLTE,
COMM is communication channels,
SO is nature of social system, and
OPER is change agents’ efforts.

Table 6 Result of Multiple Regression Analysis.

o M o
5% |Be_
; S S Tew .
Variables °3 | S£2 | Sig

SE | §8%

[72) - O

58 |
Constant 1.851 0.000
Perceived attributes 0.255 0.196 | 0.000
of VOLTE ' ' '
Communication 0.118 0.145 | 0.002
Channels ' ' '
Nature of Social 0.082 0.098 | 0.036
Systems ' ' '
Change Agents’ 0.261 0.273 | 0.000
Effort
Substitution -0.052 -0.057 | 0.205
Technology

The regression results revealed that coefficient
represented by perceived attributes of VoLTE is 0.255,
s0 every unit increase in perceived attributes of VoLTE,
a 0.225 unit increase in VOLTE adoption is predicted.
Coefficient of communication channels is 0.118. It
means that every unit increase in communication
channels, a 0.118 unit increase in VoLTE adoption is
predicted. 0.082 is coefficient represented by nature of
social systems. It means that every unit increase in
nature of social systems, researcher expects a 0.082
increase in VoLTE adoption. For change agents’ efforts,
the coefficient is 0.261, so every unit increase in change
agents’ efforts, a 0.261 unit increase of VoLTE adoption
is predicted. Furthermore, the change agents’ efforts
with largest beta coefficient is most significant
independent variable follow by perceived attributes of
VoLTE, communication channels and nature of social
systems.

Table 7 shows that the result of examination of
tolerance and VIF for independent variable are
perceived attributes of VOLTE, communication
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channels, nature of social systems, change agents’ effort,
substitution technology which tolerances are greater
than 0.1 and approach to 1.0 and VIFs are less than 10.0.
Therefore, multicollinearity is not found in this analysis.

Table 7 Result of Multiple Collinearity Analysis

. Collinearity Statistics
Variables
Tolerance VIF

Perceived attributes of 0911 1.098
VoLTE ] '
Communication Channels 0.927 1.079
Nature of Social Systems 0917 1.091
Change Agents’ Effort 0.906 1.104
Substitution Technology 0.986 1014

4. RECOMENDATIONS

Regarding to the study result, the result reveals the
change agents’ promotion efforts (or in this study
represent to telecommunication operators) is the most
important factor that affect the users’ VoLTE adoption
follow by perceived attributes of VoLTE, such as:
relative  advantage, = compatibility, = complexity,
trainability, observability. It mean telecommunication
operators shall put effort to show to adopters, how
VOoLTE benefits them over traditional voice services.
Based on regression equation more promotion efforts,
more perceived attributes of VoLTE will get more
adoption. Also, the social systems which high early
adopters and media communicational advances, adopters
will be easier aware and adopt. Moreover, as summary
in this research found the influence of substitution
technology was not affects VoLTE adoption. By
observing, VoLTE services is native function bundled
into handsets whatever adopters want or not.

However, this research as limitations in geographic
areas because VOLTE services are not commercially
launch in nation-wide. So researcher sampling the data
from employee of a telecommunication operator in
Thailand. Who known the service functions and get in
touch with new technology. For the future study, other
researchers should collect the data from differences
sampling groups both from technological employees and
other occupations in order to get into the depth of study
because difference occupations will have difference life
styles and thinking. As the values of adjusted R square
(0.203) this show that there are further variables around
79.7% more than the variables provided in this study
which may affect VoOLTE adoption.

5. CONCLUSIONS

In this study, the result reveals several factors
determining towards the VoLTE adoption in Thailand.
VoLTE has become an evolution of Fourth Generation
(4G) which is based on the IP Multimedia Subsystem
(IMS) network. This approach results in the voice
services (control and media planes) being delivered as

data flows within the LTE data bearer. In order to
increase rate of VoLTE adoption, change agents’
promotion efforts (0.261) is most encouraged. Also
perceived attributes of VOLTE (0.255), communication
channel (0.118), nature of social systems (0.082) are
considered. In the hypothesis testing, hypothesis one,
three, four, five, seven were analyzed to explore the
direction of variables by using Pearson Correlation.
Moreover, examine the factor affecting the VoLTE
adoption by using multiple regression analysis. Other,
hypothesis two and six were analyzed by using T-Test
and One-way Anova to explore how difference on
VoLTE adoption attitude by attribute of each. All data
sampling from employee of a telecommunication
operator who known the service functions and get in
touch with this new technology in Thailand. Base on the
result from hypothesis two and six, type of innovation-
decision, demography attributes: sex, age, education,
working experience, were not different attitude on
VoLTE adoption. For hypothesis one, three, four, five,
seven in this study, factors which are change agents’
promotion efforts, perceived attributes of VoLTE,
communication channel, nature of social systems were
found to have positive affect towards VoLTE adoption
which was represent by adjusted R square 0.203 and
0.05 significant level, except substitution technology
which was not affect.
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