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Abstract. Providing electrical energy for oil and gas exti@t sites can be a real challenge especially for a
large oil and gas company like Sonatrach. Solarggnean be great solution for this issue. Thiglgtpresents

an efficient way to convert electrical energy frdd@€ to AC using a modulation strategy called selecti
harmonic elimination; this method will be used ftimize the performance of a three level solar iterefor
standalone power system. Harmonic pollution is iy e@mmon problem in the field of power electronitss
problem can cause multiple problems for power caeve and electrical devices and also reduce tifiespan,

the (SHEPWM) modulation strategy allows the elinima of low order harmonics and also control the
amplitude of the fundamental component of the aupliage spectrum. Simulation and experimentalltssre
presented in this work.
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1. Introduction

The global demand for energy is expected to ineresgnificantly over the upcoming two
hundred years, this increase will pose a majorlehgé for oil and gas companies such as
ExxonMobil, Chevron, and Sonatrach .Oil productaomd refining process consume a lot of energy.
Oil and gas fields are often located far away fiofies and towns, so getting essential resourcds an
necessary equipments to the sites present a biepno Using solar energy in production sites will
solve some of the logistical problems.

Energy efficiency is a very important issue in fledd of power electronics, modern solar power
systems and converters (DC/DC or DC/AC) destingdpfofessional use must meet high efficiency
and protection standards and also must generakeduglity electrical power to ensure the proper
functioning of the electrical devices on site.

The harmonic content in an AC voltage waveform gateel by an inverter can affect significantly
the performance of AC machines. For example harosocén raise the temperature of an AC motor
which decreases the lifetime of the insulation aadsequently the lifetime of the motor itself. One
way to fight this problem is by choosing the rigidulation strategy.
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Several modulation strategies have been proposddstudied for the control of multilevel
inverters such as Sinusoidal Pulse width modula@®RWM) [1] and space vector pulse width
modulation (SVPWM) [2]. A more efficient method leal selective harmonic elimination pulse width
modulation (SHE-PWM) [3] is also used; the methéférs a lot of advantages such as operating the
inverters switching devices at a low frequency Whéxtends the lifetime of the switching devices.
The main disadvantage of this method is that afsebn-linear equations must be solved to obtaen th
optimal switching angles to apply this strategy.

The optimal firing (switching) angles are comput®dsolving a set of nonlinear equation that
represents the desired waveform. Multiple algorghmve been used to solve the optimal switching
problem for multilevel inverters such as Genetiga@lthm [4], Differential Evolution [5] and Partil
swarm optimization [6] but these algorithms aredher program and they can take a long time to
solve the equations. Newton-Raphson algorithm eansed to solve the optimal switching problem, it
is really easy to program and it can solve theineal equations in few seconds.

This study presents the use of a simple H bridgdigration controlled by N-R based selective
harmonic elimination for solar application. The nesection will present briefly the Selective
harmonic elimination for multilevel inverters anidet Newton-Raphson algorithm. The last section
presents the obtained simulation and experimeesailts.

2. Selective harmonic elimination for solar inverter

Standalone solar power system is an off grid et=dtsupply system. An as shown in figure 1 the
system consists of an arrangement of several coemgencluding solar panels, batteries and charge
controllers, and also inverters which are the paatponsible for changing the electric current from
DC to AC.

Photovoltaic | | Charge ' »| DC load
array controller
A
A
Battery
AC load —] Inverter

Figure 1: Standalone solar power system

The configuration of the inverter chosen in thisdstis presented in figure 2 which consists of
four switching elements assembled in an H-bridgdigaration, this configuration can generate up to
three voltage levels. The converter is powered biyect current source.
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Figure 2: The proposed three level solar inverter

The performance of an inverter using any modulasimategy is rated according to the harmonics
in the generated voltage waveform. In order to mdrthe fundamental voltage and eliminate low
order harmonics the proposed inverter must genarataveform similar to figure 3. The figure shows
a three level voltage waveform with three switchamgles); 9, andf;,
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Figure 3: Generalized three level waveform with multiple shihg angles.

Fourier series expansion of the generalized theeel waveform output waveform of the single-
phase multilevel converter shown in Fig. 1 canXyessed as follows:

4V 4c
nm

V(0t) = Tim1ss.. 525D, (—1)!*cos(nd,) | sin(net) (1)

Wheren is rank of harmonics) =1,3,5,... ,ang =(N-1)/2 is the number of switching angles per
quarter waveform., and is thei™ switching angle, antl is the number of voltage levels per half
waveform. The optimal switching anglég 9, and 6; can be determined by solving the following
system of non-linear equations:

cos(8,) + cos(6,) + cos(63) =rm/4
cos(36;) + cos(36,) + cos(305) =0 (2)
cos(56;) + cos(56,) + cos(5603) =0
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61, 0, andfz are the angles to be optimized and they must gdtisffollowing condition:
0<0,<0,<6;<m/2 3)

Equation (2) can be written as

F(0) = B(rn/4) (4)

where
cos(6;) —cos(8;) cos(63)
F(8) = |cos(36,) —cos(36;) cos(363) (5)
cos(560;) —cos(56;) cos(563)
and
rc/4
B(T)=[ 0 ] (6)
0

One method to solve the system expressed in equ@as by using an iterative method such as
the Newton Raphson.

The Newton Raphson method is used to compute thelsmg angles);, 6, andd; for the system
given by equation (4)And as mentioned before those switching angles itigst satisfy the condition
expressed in (3) and also produce the desired meadil voltage with the 3rd and the 5th harmonic

components eliminated for any given value .of

The application of Newton Raphson method for seledharmonic elimination problem can be
summarized in these few steps:

1. Set the initial values dfy, 8, andg;with: 0 <0;< 6, < ;< n/2. And also set the initial value of
r.

2. ComputeF(0) presented in (5) an#(r) presented in (6) and also compute the jacobian
matrix J(6) where

—sin(6,) sin(6,) —sin(63)
J(6) = [37] = | —3sin(36;) 3sin(36,) —3sin(363) )
—5sin(560,) 5sin(560,) —5sin(56;)

3. Computedé using the following relation :
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do = INV [%] (B—F) (8)
4. Update the values @fusing the following relation
g%+t = gk + dp* 9)
Wherek s the current iteration

Repeat steps (2) to (4) for a number of iteratighso reach an acceptable error vadife
Save the current values &f

Increment the value afwith a fixed step size.

8. Repeat steps (2) to (7) until the maximum valueiefreached.

No o

3. Simulation and experimental results

In order to prove the theoretical predictions antest the effectiveness of the proposed algorithm,
the control method and the mathematical model ef pnoposed inverter were developed and
simulated using MATLAB scientific programming enwirment; the optimization program was
executed on a computer with Intel(R) Core(TM) i3U@® 2.13GHz Processor and 4GB of RAM, the
optimization algorithm takes 4.994 seconds to cetepihe computation process.

An H-Bridge module was built to validate the reswbtained from the simulation process; Irf640
MOSFETS were used as switching devices for theqweg inverter, 4AN25 optocouplers were used to
protect the microcontroller used in this experime8iglent SDS 1000 oscilloscope with FFT
capability was used to preview the voltage wavefoand to perform FFT analysis. Figure 3 shows
the experimental setup used in this study.

Oscilloscope

e solar charge
Inverter  controfler .,

e

Figure 3: Solar panels (left) and experimental setup useHdisnstudy (right)

To choose the set of switching angles with the kiwetal harmonic distortionTHD), the
generated solutions from tHéR algorithm are examined for their correspondifigD using this
equation:

_ Zﬁ:s,s,z...an
THD(%) = H— X 100 (10)

1
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WhereH, is the amplitude of a harmonic of rankandH, is the amplitude of the fundamental
component. The left side of Figure.4 shows the gead switching angles for the three level inverter
versus the modulation index The modulation index varies from 0 to 1.06 withtepssize of 0.01.
The right side of figure.4 presents the correspagdbtal harmonic distortion for each set of sans
and it can be clearly seen ttlthe lowest harmonic content corresponds to 1.05 with aTHD of
44.28%. So the values (in degrees) of the switchimgles with lowesTHD are: 6, = 20.08°,6, =
33.04°andf;=43.63°.
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Figure 4: Switching angles VS Modulation index r (Left), THLS Modulation index r (Right)

Figure 5 presents simulation (on the left) and erpental (on the right) results of the output
voltage waveform for switching angle values &f20.08°,6, =33.04°and#,=43.63°.and it can be
clearly seen that simulation and experimental wawve$ are identical.

Figure 6 presents simulation (on the left) and eérpental (on the right) results of fast Fourier
transform (FFT) of the generated three level wawefoSimulation and experimental results are
identical and as expected it can be seen fromesults that the targeted harmonic$ &hd %) were
successfully eliminated.

1 1 1 1 1
0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 CHI= 20.6U CHL 736,60
- CH1= 20,0V M 2.9 Ll 36,0V

Time(S) 29

-39.80ms

Figure5: Output Voltage waveform for r=1.05: Simulation riégleft), Experimental result (Right)
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Figure 6: FFT analysis of the generated voltage waveform:ug&ition result (Left) Experimental result
(Right)

4. Conclusion

This paper demonstrated the ability of the selectimrmonic elimination strategy for multilevel
inverters of producing high quality voltage wavaforwith less harmonics and maintain the
fundamental component at a desired value, and talsgossibility of using the Newton-Raphson
algorithm to solve the optimal switching problenn foultilevel inverters. The SHEPWM would be a
very efficient method to control solar DC to AC werters.
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