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Abstract: In research used permanent magnet synchronous generator. AC grid
linked by wind energy with a load. The loads in a grid might be harmful to
nature. Hence, the injection of unbalance current into renewable grid should be
avoided since these Negative sequence currents and harmonic currents will
cause an unwanted improvement of the current line. Dealing with problems is
to use effective controllers with multilevel inverters. A multilevel inverter
handed down to improve THD. In this case, a nine-level and an eleven-level
inverter are used for the set the values of voltage increment and THD decrease
with 12.87% to 4.38%. Powers is a limitation of stabilisation of DC and the
power of reactive is close to unity. Low capacitors filter to eradicate the
harmonics presence in the system. For the performance evaluation of the
approaching for a modelling of the AC grid, nonlinear load, multilevel inverter
and renewable energy resources (e.g., wind power generation) was developed
ina MATLAB / SIMULINK environment.
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1 Introduction

We know about the energy demand day by day increasing according to the human needs.
They are used for technology, source’s they make lots of hubs so that’s why energy
consumes more and more. So we can refer for power conversion topologies which
improve our cost, or any kind of economic effect.

The next stage of electrical equipment’s improvement of the latest power conversion
topologies related with semiconductors. When developed the scenario of the total power
it is also affect cost. So we can choose a suitable medium for the economic. So according
to the previous research, they focus on the various type of the renewable energy source.
Which are shows the powers varieties, as a key requirement everything depends on the
power electronics with an ultimate power which given confirm quality energy. Recently
there is a very tough competition between conversions of power topologies and high
voltage semiconductors. A proper way of this type converter its type of race, which all of
the situations moves the power of voltage and current semiconductors. There are lots of
parameters for overcome the problems for delay the signals and turn on for real
components. It is given a real-time to turn point, which reduces the effect and improves
the system. Multilevel converter is beneficial for the nowadays technology. So there is a
multilevel converter advantages:

e  quality of power

e losses of low switching

e EMC

e  cost profits.

After that some disadvantages also of multilevel inverter:

e the complexity of large number semiconductors switches

e use of capacitor bank with own creation the dc voltage steps.

It is given a visible reason to show capability and low stress with simply controlling
medium. Multilevel converter topologies are given the most common way. Then
topologies are (Uehara et al., 2011):

e diode-clamped
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e flying capacitor

e cascaded topology.

Layout of the research

In this paper divided by mainly six sections which are as follows:

Section 2 is literature review and the previous work done by another authors which
has knowledge of renewable source system with photovoltaic grid-connected design
modelling is discussed. This Section 3 gives brief information about how the
technological advancement has led and made strong base of power converters and
renewable source system in implementation of advanced photovoltaic grid model
with simulation. Section 4 presents the multilevel inverter topology with neutral
point-clamped inverter. In this section focused on the design and modelling of the motors
which used here. In this section the working and operation of motor is discussed as well
as mathematical model along with PM machine synchronously rotating d-q reference
frame. Section 5 discusses photovoltaic grid-connected with diode-clamped circuit
topologies of multilevel inverter:

a three-level

b five-level.

Section 6 simulation and result we are exploring waveform of ac grid connected load:
a  voltage at inverter

b  voltage at load

¢ RMS voltage at inverter

d RMS current of load at terminal ab

e RMS current of load at terminal ab

f  rotor speed

g frequency.

Section 7 conclusions are drawn from the work done and helpful for the future scope of
the research topic.

2 Literature and review

The request for energy in this world day by day is growing. There is more reason to why
this happing, here proper hub of technologies which provide some new production,
source, and so many electric power. They should be used for the so many works. Here
system task they provide high efficiency with lots of responsibilities. Today, multilevel
converter is so good for carry a high power and mature semiconductor which convert
from 1 MW to 30 MW. Here we can assume a bond for maximum power for three phases
which bound given maximum voltage and currents limits. We can overcome the
limitation by parallel and series switches, its connecting several solutions. If we use one
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component switches it is faster to another. We use mostly parallel connection is given the
less complicated coefficient property of MOSFETs and IGBTs with the increment of
junction temperature. Beside the generation, electric power transmission needs high
power electronic systems to assure conversion and the energy quality. Numerous industry
applications, such as for example textile and paper industry, steel mills, electric and
hybrid electric vehicles, ship propulsion, railway traction, ‘more-electric’ aircraft, etc.,
require utilisation of variable speed electric drives.

Furthermore, higher is the power of a switch lower is the switching frequency.
An initial solution to overcome these limitations was connection of several switches in
series or in parallel. The series connection of two or more semiconductor devices faces
problems due to the difficulty to synchronise perfectly their commutations 2015 (Ullah
et al., 2007).

In fact, if one component switches off faster than the others it will blow up because it
will be subject to the entire voltage drop designed for the series. Instead, parallel
connection is slightly less complicated because of the positive resistance coefficient
property of MOSFETs and IGBTs with the increment of junction temperature. When a
component switches on faster than the others do, it will conduct a current greater than the
rated one. In this way, the component increases its junction temperature and its
resistance, in this way limiting the current to some extent. This effect makes possible to
overcome the problems coming from a delay among gate signals or from differences
among real turn on time of the components. Nevertheless, parallel connection of the
switches has its limits: it requires careful I precise design of the system to achieve almost
perfect symmetry of the components, a task more difficult to maintain as their number
rises. Another way, we can acknowledge of arising problems from delay among gate
signals. It is given a real-time to turn point, which reduces the effect and improves the
system. Multilevel converter is beneficial for the nowadays technology in 2014
(Pouresmaeil et al., 2012).

We are using equation related to the wind turbine in Sections 3 and 4 with multiple
variables which are very useful in this research. After this entire scenario we need to add
some special values of switching states of the five-level inverter using by table in
Table 1. So we can see equations (1) to (6) explain in Section 3 with lots of varying rotor
speed. So how to work turbine wind we can assume easily. Then next Section 4 which is
describes the permanent magnet synchronous motor (PMSM) with equations (7) to (18).
Which are connected to each other simultaneously and it is improve the quality. In this
section we are talking about rotor and motor with various examples.

3 Modelling of wind turbine for power system

We have used characteristics of the system turbine which output depends on the wind
speed. It may be defined scenario between the total power and the wind of the
mechanical.

Puina =1/2pnR2,,. V3 ")

turbine " wind

where the air density of p is (1,225 kg/m’), rotor turbine defined by R. Speed of wind is v.
Exploring all the energy of system choose kinetic energy which is impossible for wind.
Shown in (2) as the power coefficient C,.
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- l/2 CPpn-Rturbme wind (2)

Mechanical power defined by P,, of wind. The highest power is 0.59. Betz limits defined
the value of velocity 4 which reduce sometimes. The angle of light 0: C, = C, (4, 0).
Define reduce speed 4 of the rotor.

/1 = QRturbine /vwind (3)

Let the values of wind constant speed v,,;,4, the remove speed A varies proportionally to
the speed rotor (Agarwal et al., 2012). In modern wind turbines, the naturalisation angles
of the blade are possible through a control mechanism (Agarwal and Agarwal, 2012).
Here specific curve C,-A is the rotor R, Calculated the output torque of the turbine
using:

P’"/Q - I/ZC pZRturbme wind /Q (4)

The optimal value of the speed ratio of A maintained the value of rotor output, a
maximum value of power coefficient is Cyy = C,(A”"),then the maximum power of wind
will be:

F rspl 1/ 2 CPM P ZRturbme wind (5)

If, we assumed the ratio of speed which is maintained the optimal value. On another side,
we collect the optimum values:

/IOPI = QRturbine / Vyind = Qopt = /IOPI Vwind / Rturbine (6)
Here shown all term in Figure 1.
Figure 1 Wind turbine power characteristics (see online version for colours)
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We are finding out the output mechanical torque of wind and rotor speed.

4 Modelling and simulation of PMSM

The references of a synchronously rotating rotor which use stator winding values which
transform rotor speed with rotating reference frame that revolving sometimes. In the form
of mathematical PMSM use the vector control dynamic model d-q which contained a
good model of an induction machine with an equation of damper winding.

PMSM model without damper winding collect frame of the rotor reference use the
assumptions:

1 neglected saturation

2 sinusoidal EMF induced

3 neglected core losses

4  field current dynamics is not available.

Given the operating point which has rotor flux is null and exploring along zero flux in
d axis and also ¢ axis, coincidence assumption of indirect vector command induction
motor portion is also similar. If the frame of rotor reference is assumed, it means 4 and ¢
stator winding reference frames of the transformed and revolving speed of the rotor. The
rotor reference using flux linkage of stator equations are taken into the PSMS model
which derives all equation which related to the stator shown in Figure 2.

Here it is given so many equations which are very suitable for the system stability its
using for constant rotor flux for ¢ axis which is given zero flux supposed to similar.
This is based on the derivation of indirect vector of controlled induction motor drives.
The induction machine of rotor reference with stator equation connected with linkage
flux of model driven by permanent magnet synchronous motor as shown in Figure 2.

Figure 2 PM machine synchronously rotating d-q reference frame (see online version
for colours)

Rotor g-axis

Stator mmf

Stator axis

We can see a PM machine derive by the all set of an equation and general terms:
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Voltage equation derived by:

Va = Rqg — w4y @)

V, = Ry — 0,2 ®
Flux linkages are given by:

4y = L, ©)

Aa = Laig + Ay (10)
Substituting (9) and (10) into (7) and (8), we get:

Vy = Ryiy + 0 (Lgig + As)+ (Lyiy) an

Va = Ryig —w,Lyiy +(Laig + Ar) (12)
Arranging equations (11) and (12) in a matrix, we get:

(Vy)= (R, +dLyw,Ly ) (iy )+ (W, 4s)

(Va) = (—wiLgRy +dL, Jdt)(iy )+ (dAs /dr) (13)

The developed torque motor is being given by:

T, =3/2(P/2)(Aaiy — Agia) (14)
T, =3/4 P gy +(La — Ly )igia | (15)
T, =T, +Bw, +J (16)

Solving for all term (16), we get:
o, =(T, =T, — Bw,, | J)dt 17)
And rotor electrical speed is:

o, =0, (P/2) (18)

5 A new multilevel inverter topology photovoltaic grid-connected

Here describing the all over works of inverter topologies in Figure 3(a). Here DC bus
split in two way with heavy capacitor series and point n is the kind of central capacitors.
The values of output voltage have three states, positive negative and neutral. Here output
voltage mention in term of V.

For positive output voltages are good and ON mode of switches. For negative output
voltage is also ON, and for ground level most ON mode.

Here used elements of the key that connected to the circuit which is conventional
derive D, and D, level of an inverter. This voltage uses half level of dc-bus voltage.
Vo = Ve, then S, and S are ON.
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We can see, balance out the voltage D,, sharing between S| and S, then S; block
across voltage C, and S, block C,.In all the scenario we can notice V,, is ac and ¥ is dc
in output voltage. These voltages difference covering C,, it is V,/2. If we are removed
output voltage a to 0 its circuit becomes dc to dc converter.

Figure 3 Diode-clamped circuit topologies of multilevel inverter, (a) three-level (b) five-level
(see online version for colours)

(b)

To explain how the staircase voltage is synthesised, the neutral point # is considered as
the output phase voltage reference point. There are five switch combinations to
synthesise five level voltages across a and n:

1 for voltage level V,, = V,/2, turn on all upper switches S-S,

2 for voltage level V,, = V,/4, turn on three upper switches S,—S, and one lower switch
M

3 for voltage level V,, =0, turn on two upper switches S; and S, and two lower
switches S/ and S,

4  for voltage level V,, =—V,/4, turn on one upper switch and three lower switches
N

5 for voltage level V,, = —V,/2, turn on all lower switches S/ —Sj.

Four complementary switch pairs exist in each phase. The complementary switch pair is
defined such that turning on one of the switches will exclude the other from being turned
on. In this example, the four complementary pairs are (S, S)), (S2,57), (S3,S3), and

(84, S1).

However, increase the no. of a level of control complexity which introduces voltage
imbalance issues. Figure 3(b) showing the system materials with suitable way. In V.
voltage use dc-bus, and across each capacitor Vpc/4, and they have stress voltage is
short-term duration capacitor by clamping-diode.
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Table 1 Switching states of the five-level inverter

Switch states

Output v,

S; S5 S Sy S S5 Y Sy
V3=V 1 1 1 1 0 0 0 0
Vy=3V,l4 0 1 1 1 1 0 0 0
V3="Vl2 0 0 1 1 1 1 0 0
Vy=Vil4 0 0 0 1 1 1 1 0
V=0 0 0 0 0 1 1 1 1

Although each active switching device is only required to block a voltage level of
Va/(m — 1), the clamping diodes must have different voltage ratings for reverse voltage
blocking. Using D of Figure 3 as an example, when lower devices S; ~ S, are turned
on, D needs to block three capacitor voltages, or 3V,./4.

Similarly, D, and D; need to block 2V,/4, and D; needs to block 3V,/4. Assuming
that each blocking diode voltage rating is the same as the active device voltage rating, the
number of diodes required for each phase will be (m — 1) (m — 2).

This number represents a quadratic increase in m. When m is sufficiently high, the
number of diodes required will make the system impractical to implement. If the inverter
runs under PWM, the diode reverse recovery of these clamping diodes becomes the major
design challenge in high-voltage high-power applications.

6 Simulation and result

The simulation system of an 11-level neutral point clamped (NPC) multi-level inverter
with AC grid into renewable resources is validated by simulation of the circuit in
MATLAB/SIMULINK. It is express by the blade of the turbine and the transferred
energy to the turbine rotor which is connected to a common shaft connecting the PMSG
(PMSM). The energy of mechanical is converted by the PMSG (PMSM) to AC voltages
which fluctuates bond with wind speed. The three-phase ac voltage is then converted into
dc using a three-phase rectifier. The NPC topology of the MLI blocks the dc component
from entering the grid and provides feasible application of control technique used
switches in this system. The simulation system of 11-levels NPC multi-level inverter with
renewable energy resources in to AC grid is validated by simulation of the circuit in
MATLAB/SIMULINK environment. The entire wind energy conversion system is as
shown in figure. The blades of the turbine capture wind energy and transfer energy to the
turbine rotor which is connected to a common shaft connecting the PMSG (PMSM).
PMSG (PMSM) converts this mechanical energy to three phase ac voltage which
fluctuates according to the wind speed. This three phase ac voltage is converted into dc
by a three phase rectifier. Output dc voltage is fed to a boost converter which boosts the
input signal voltage and feeds an amplified dc voltage to the MLI. The NPC topology of
the MLI blocks the dc component from entering the grid and provides feasible
application of control technique for the switches.
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e wind speed
e rotor speed
e pitch angle
e clectromagnetic torque

e mechanical torque.

Figure 4 Schematic model of AC grid-connected renewable energy resources with NPC multi
inverter (see online version for colours)
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Figure 5 Simulink of rectifier (see online version for colours)
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Figure 6 Waveform of wind turbine (see online version for colours)
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Figure 7 Waveform of generator terminal, (a) voltage at stator terminal of ab (b) current of line
(c) RMS voltage at stator terminal of ab (d) RMS current of line (e) generated power
(f) rotor speed (see online version for colours)
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7 Conclusions

In this research, the presentation of 11-levels NPC inverter combine with renewable
energy sources with AC grid performances. Using 11-levels NPC Converter, the whole
system will declines output harmonic effectively while improving power capacity of
whole equipment, and reducing the voltage stress of switch and the equivalent switching
frequency.
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Figure 8  Output waveform of lower half 11-level NPC multi inverter (see online version
for colours)
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Wind speed have main role in this whole research. It is verifying current and voltage with
these effects also. Here the speed of power grid is decreases with active and reactive
powers, and controller of pitch angle apply the control blade angle at 8 = 0 with
controlling system. We proposed a method of control which capability manage all type of
converter topologies and apply so many different varieties of combine renewable energy
source into AC grids. Here also use multi-objective program with this renewable
resources.

The staging of an 11-level NPC inverter to united renewable energy resource into AC
grid is performing. Using the 11-level NPC converter, the output results of harmonics the
whole system is effectively decreasing the voltages. With varying wind speeds, the
current also vary which in turn affects the grid power, and here used wind turbine which
speed decreases with all powers. The pitch angle became 0. The model given through
generator side can accomplish. And the highest power of wind tracing, closed-loop
control based on the highest ratio of torque to current. The portion of the grid aligns,
realising the active decoupling control and reactive power.
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Figure 9  Simulink model of AC grid connected load (see online version for colours)
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Figure 10 Waveform of AC grid connected load, (a) voltage at inverter (b) voltage at load
(c) RMS voltage at inverter (d) RMS current of load at terminal ab (e) RMS current of
load at terminal ab (f) rotor speed (g) frequency (see online version for colours)
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