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ABSTRACT

In inverters design, the reduction in a number of switches and making the switching frequency at the fundamental

frequency are good techniques for increasing the efficiency of single-phase inverters.

In this paper, there is a new

switching technique used for the modified cascade five levels inverter based on single pulse width modulation PWM
method. A comparison is made by using of single PWM between the five levels and the three levels inverter (full bridge
inverter). The shifting angles and its time equivalent relationships are derived. The single PWM method showed that, at a
particular trend of harmonic elimination which is the 5™ harmonic, lower total harmonic distortion percentage THD % can
be achieved. All the simulations are made by using of MATLAB SIMULINK R2015a.

Keywords: inverter, multi-levels, single PWM, modified cascade.

1. INTRODUCTION

In last three decades, multi-levels inverters get
more attention than the traditional three level inverters.
Since, it has lower total harmonic distortion percentage
THD, more efficiency, and less dependency on filters.
Cascade multi-levels inverters have simple construction
and control. It is easily working at the fundamental
frequency or by using one of the modulation methods that
need a carrier with a relatively high frequency. THD can
be low if more cascade H bridges are added. But, more
adding results in a reduction in efficiency due to more
conduction and switching losses of the used switches.
There was a new design is made by [1-2], with Selective
Harmonic Elimination SHE method. This design is made
with a reduction in a number of switching devices of
cascade H- bridge multi-levels inverter. The construction
contains single H-bridge and, for each separate DC source
one extra switch can be added i.e. for seven levels, it
contains three DC sources with 7 IGBT switches and with
five levels, only six switches are needed. The SHE is a
good method to detect the angles that eliminate the
particular harmonics. But, it needs to apply numerical
analysis methods and or artificial intelligence methods to
detect these angles. In the work that was made by Kannan
Ramani et al[3], a new symmetric cascade H-bridge multi-
levels inverter is made with reduction switching
components at each level. It connects switches in series
and parallel to each separated DC source thus, it makes the
inverter has more complex design when the number of
levels are increased. There is a comparison of THD in
three levels and cascade H-bridge inverter is made in [4].
This comparison is with the traditional three phase six
switches inverter where low THD was gotten by using of
five levels cascade-bridge inverter. Each type of inverters
sometimes needs a modulation technique for the switching
scheme to get lower THD. One of these techniques is
single pulse width modulation [5]. This method eliminates
a particular nth harmonic by a suitable shifting angle if it
is used with the traditional H-bridge three levels inverter.
Also, in this method the switching frequency is made same

as the fundamental frequency thus, the switching losses
will decrease and efficiency will increase. This paper
introduces a new switching technique for a modified
cascade five levels inverter with a comparative study
between this inverter and a traditional three levels inverter
[2], by using single pulse modulation method and showing
its impact in decreasing the THD.

2. RELATION BETWEEN TIME AND
PARTICULAR ANGLE IN A SINE WAVE

In the electrical system, the sine wave can be
represented by degrees or radian systems. It also can be
represented by time in seconds. Irrespective of the
frequency used, the single sine wave can be represented by
360° and the half of this wave is equal to 180°. In inverters
design, the switching time among the switching devices
should be known to make the suitable angles that make a
proper working of the inverter at different loading
conditions. Some Inverters contains microcontrollers to
make the switching angles. These angles may be
represented by its time equivalent. In this paper, there is a
method to find the equivalent time to a particular angle
(¢") in the sine wave as follows:

F= ey

1
T

Where F is the frequency and T is the period of a
frequency.

Since T =360 then g =180" or 180° = +
2F
At any angle @, the equivalent time = T,
180° 4" 2
T,
2F
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Then
¢’ =180" x T, x 2F 3)
And

¢O

T =——7" 4)
7 180" x2x F

3. SINGLE PULSE WIDTH MODULATION OF A
THREE LEVELS INVERTER

Figure-1 represents the three levels inverter,
where these levels are (Vdc, 0, and — Vdc). This inverter
contains 4 switching devices named as (S1, S2, S3, and

S4).
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Figure-1. Three levels inverter.

One of the switching methods of this inverter is
“single pulse width modulation”. For the single pulse
modulation, a pulse is made at each half cycle of the
output voltage as shown in Figure-2. The width of the
pulse is 2d and this pulse is shifted from the origin by a

duration of (%—d). The shape of the output voltage is

called quasi-square wave.
From the Fourier analysis of Figure-2 [6]:

a, =0 )
(54
2 2
[ j V. sin not d(ar) ©6)
T
(5]
2
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Figure-2.Single pulse modulation method.
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So the instantaneous output voltage is:

o 4V, . .
vV, = Z s sin L sinnd sinnwt (8)
=135, M7 2

. T .
If nd is made equal to 7 or d =—, equation (8)
n
shows that the n"™ harmonic is eliminated from the
inverter’s output voltage. Since d is the duration of the
pulse and it is required to find the angle ¢0 that make the
nth harmonic to be zero then:

z i
¢0=%orn=¢% ©)

The switching strategy is made as follows and
shown in Figure-3.

a) For first 180°, SI is shifted forward by angle ¢ and
S4 is shifted backward by angle ¢°.

b) For the second half wave S2 is the inverse (NOT) of
S1 and S3 is the inverse of S4.

The nth harmonic can be eliminated by the
shifting angle ¢° .

Time (s}
Figure-3.Switching signals of a three levels inverter.

4. SINGLE PULSE WIDTH MODULATION OF A
MODIFIED FIVE LEVELS CASCADE
INVERTER

The topology of a modified cascade five levels
inverter contains 6 switches named as (S1, to S6) as shown
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in Figure-4. The output voltage levels are five as (Vdcl,
Vdc1+VDdc, 0, —Vdcl, and — Vdcl — Vdc2).

G +F, b3,

Figure-4. Modified cascade five levels inverter.

The inverter contains three levels H-bridge
inverter as a portion of it and two switching devices which
are S5 and S6 with two separate DC sources. The
switching scheme of the portion of H-bridge circuit is the
same as in the three levels inverter above. The only
remaining are switches S5 and S6. The switching of these
two IGBT devises can be made by a comparison between
an absolute sine wave as a modulating or reference signal
with a triangle carrier wave. The frequency of this carrier
is double of the fundamental frequency as shown in
Figure-5. The switching signals for all of the 6 switching
devices are as shown in Figure-6, where S5 is ON when
the modulation signal > carrier signal and S6 is S5 inverse.

Amplitude (Faer Lnit)

0 00 00 106 008 o i 1 006 008 e
Timefs)

Figure-5. Modulating and carrier signals for switches
S5 and S6.
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Figure-6.Switching signals of the proposed five
levels inverter.

5. SIMULATION RESULTS
According to the switching scheme of Figure-3,
the three levels inverter is simulated. By taking different

shifting angles ¢0 in forward and backward as shown in
Table-1, where its equivalent time 7, at each angle ¢0 ,
the THD is calculated. The output voltage is as shown in
Figure-7.

Table-1.THD % at each shifting angle or equivalent time
of the three levels inverter.

n ¢’ Time 7, (s) THD

3 30 1.667 x 107 31.09 %
5 18 1x10° 30.19 %
7 12.85 17.138 x 10™ 33.58 %
9 10 5.556 x 10™ 36.12 %
11 8.18 4544 x 10 38.08 %

o (valts)
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Time 5]

Figure-7. Output voltage of the three levels inverter.
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The five levels of the modified cascade inverter is
also simulated. According to the switching scheme of the
Figure-6, the resulted output voltage is as shown in
Figure-8.

e twalts)

2 | | | i i
! L [l ] o 1% 1%
Tme )

Figure-8. Output voltage of the five levels modified
cascade inverter.

In this inverter type, the switching signals of
switches S5 and S6 are fixed at its maximum value. The

change is made only by the shifting angle ¢0 for making

the single pulse width modulation technique at +Vdcl
levels. By shifting in forward and backward, delay angle

¢0 . T, and THD are calculated as shown in the Table-2.

The particular angle ¢0 and time T, are calculated by

using equations (3 & 4) respectively.

Table-2. THD at each delay angle or equivalent time of
the five levels inverter.

n ¢° Time 7, (s) | THD

3 30 1.667x 107 | 2691 %
5 18 1 %107 17.24 %
7 12.85 17.138 x 10* | 17.36 %
9 10 5556 x 10" | 18.66 %
11 8.18 4544 % 10" | 1994 %

From Tables (1 & 2), it is found that when nth
harmonic equals to 5, lower THD% can be achieved. In
three levels inverter it eliminates all the odd quintuple
harmonics like (5", 15™, 25™... etc.) as shown in Figure-9.
Also, in the proposed five levels inverter it eliminates
(7"& 25™) harmonics and reduces (3", 5 ...etc.) and the
only drawback here in increasing the 11™ harmonic
content as shown in Figure-10.

Fundamental (30Hz) = 1937, THD= 30.19%
T T T T

Mag (%% of Fundamental)

“l‘|l||l||l||
il 3 Kl ¥
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Figure-9. Output voltages’ THD% of the three
levels inverter.

Fundamental (30Hz) = 16.12, THD=17.24%
T \ \ T
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Figure-10. Output voltage’s THD% of the five
levels inverter.

6. CONCLUSIONS

In this paper, the simulations of the three levels
inverter and the proposed modified cascade five levels
inverter are made successfully. A relation between the
delay angle in degree and time in seconds of a sine wave is
explained in details. By using the single pulse modulation
method, low THD can be achieved at both types of
inverters. When the shifting angle is made 18°, lower THD
can be gotten. The only drawback is made at the 11"
harmonic in the proposed five levels inverter. Thus, it can
be concluded that the proposed five levels inverter is good
for applications up to 2 kW or a suitable small LC filter
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can be made to remove the impact of this harmonic and
get lower THD.
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