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Abstract—This paper presents a Design and Implementation
of 15-Level Asymmetrical Cascaded H Bridge Multileve
Inverter. In this system Symmetrical and Asymmetrial
Multilevel inverter (MLI) is utilized. In Symmetrica | MLI, the
DC source magnitude’'s are equal ie., 6Q¥, 60Vy. ,60Vy
&60V4..,where as in Asymmetrical MLI the DC source
Magnitude’s are unequal and it is designed with biary form of
voltage such as 33Y, 66Vy.& 132V4..Comparing both the MLI ,
Asymmetrical MLI generates a number of output voltag level
with same number of Power semiconductor switches. Ehphase
Disposition Pulse Width Modulation (PD-PWM) technique is
used for controlling the Power semiconductor switcés in MLI.
The results are verified in MATLAB, PROTEUS and real time
system

Keywords—Photo voltaic system(PV), Symmetrical MLI

Asymmetrical MLI, PD-PWM,PIC16F877A,IR112.

I.  INTRODUCTION

In recent years, countries all over the world hts i
attention towards global warming. One of the cause
conventional fossil fuel based power generatingecesiand it
has become a serious concern. Among the usageefvable
energy resources like wind , solar, geothermal., etc
photovoltaic (PV) system is very important souréesnergy
and it has acquired a lot of attention due to #mearch and
development in the fabrication of solar cell. Powkctronic
converter technology is required for generatiosalar power,
which reduces the cost and enhances the systecieatfy.

Multilevel Inverter (MLI)has more advantages than
conventional inverter because of less switchingdss less
voltage stress across switch and less Electromiagnet
Interference (EMI).Generally there are three bages of
MLI they are Neutral point Clamped (NPC MLI),Flying
Capacitor (FC MLI) and Cascaded H-Bridge (CHB MILHe
Figure 1 shows the classification of MLI.NPCMLI ists of
clamping diodes which increases the voltage levélse
capacitor is connected in series for voltage lman This
makes a huge problem for devices. In FCMLI morenber
of clamping capacitors are connected, so the gelta
balancing is difficult. CHBMLI is suitable for higholtage
applications because, each H bridge consists wfitétses and
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connected in parallel and to the output of eacBridge is
connected to the low frequency transformer is Prynsde.
Whereas secondary side transformer is connectesketiies
across the load.To increases the “n” number of I¢etiee
Transformer is increased for each H Bridge inverser that
the efficiency of system will become less. In npléi DC
Source the CHBMLI is connected in series. To inseethe
“n” number of output voltage levels the several Hdge and
DC source are used. To reduce the switches intdpislogy
the Symmetrical and Asymmetrical CHBMLI are utilizE?]
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Fig. 1. Classifications of Multilevel Inverter

A. Symmetrical Cascaded H Bridge Multielvel Inverter
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Fig. 2. Symmetrical multilevel inverter

one DC source. Clamping capacitors and diodesi@reised Figure 2 represents the Symmetrical Cascaded Hg8rid

here[1]-[5]. In CHBMLI Topology, dependin on Dc Inverter(SCHB-MLI) topology .In this Circuit ,When
sour<[:e] [it]consists of two t?/pegy 1.Sir?g|e ID% i?)uaml MOSFET Controlled Switch is Turned On , the DC Vdgk

2.Multiple DC source.In Single DC source the CHBMEI Source and MOSFET Controlled Switch are connected i
' ' series, so that the current flows from DC Souocc®IOSFET



and the Diode becomes Reverse biased Condition.nWhén ASCHMLI the number of switches and number ofelsv
MOSFET controlled Switch is turned OFF , the Curflows  are represented as follows[6]-[7]

via diode and the diode is forward biased.The @iroaeds Nievem 2" -1 (3)
four DC voltage sources,7 switches and 3 diodes. 4DC Nuosrer=n+4 (4)
sources are equal with Voltage of §QYand this circuit will

generate Nine Level output voltage of 248V 180\pc, II. SWITCHING MODE OF OPERATIONFOR 15LEVEL PROPOSED
120Vpe, 60Vpe, OVpe, -60Vpe, -120Vpc, -180Vp¢, --240Vpc INVERTER

respectively.[2]
A. Model: Maximum Positive output Voltage (V)

TABLE I. THE SWITCHING CONFIGURATIONOF When MOSFET Switches 15, $&S, are turned
SYMMETRICAL CHBMLI ON, the maximum positive voltage;Ms united to the (+ve)

terminal (a) of the load. When the MOSFET SwitchisS

Vo SL | S2 | S3| sS4 S5 S6] SN turned ON, the (-ve) terminal (b) of the loact@nected to
vdc | ON | ON | OFF | OFF | ON | ON | ON the ground and remaining all the switches are inFOF
3vdc/4a | ON | ON | OFF | OFF | OFF | ON | ON condition. The current flows through the load fréanto ‘b’

2vdc/4 ON ON OFF | OFF | OFF | OFF ON

Vdc/4 ON ON OFF OFF OFF OFF OFF

0 OFF ON ON OFF OFF OFF OFF

so that the voltage brought to bear across the iwad/,. as
vdc/4 | OFF | OFF | ON ON | OFF | OFF | OFF

shown in figure 4.
OJE\ETSG
2vdc/4 | OFF | OFF | ON ON | OFF | OFF | ON

3Vvdc/4 OFF OFF ON ON OFF ON ON 1

Vvdc OFF OFF ON ON ON ON ON

=
In SCHBMLI the total Number of switches and the +
output voltage levels are obtained as follows
Nievem2N+3 (1)
Nmosre=n+4 2) Fig. 4. Output Voltage level Y=V to generate the Switching Sequence.

The ‘n’ Represents the number of MOSFET in
Symmetrical unit Circuit.

B. Asymmetrical Cascaded H Bridge Multielvel Inverter

Figure 3 represents the Asymmetrical Cascaded HgBri . . .
Invertger (ASCIF-)|B-MLI) topolog);/y. In this Inverter thé)gc and MOSFET Switch Sis turned OFF the current flows via

source magnitudes are unequal. The DC source magnire Diode D1, So that the positive voltage @7 is united to the
designed with binary form of voltage such as g§\60Vpc,  (*Vve) terminal (a) of the load.When the MOSFET $ti; is

100Voc respectively. Both the inverter consists of sameurned ON , the(-ve) terminal (b) of the load rited to the
number of Power semiconductor switches but theagelievel ~ground and remaining all the switches are in OFfditn.

varies. In SCHBMLI the output voltage is level,avl as in  The current flows through the load from ‘a’ to ‘Iso that the
ASCHBMLI the output voltage is 15 level and theye ar voltage brought to bear across the load i8/4/8 as shown in
33Vdc,66Vdc,99V, 132V, 165Vye, 198V, 231 Ve, 0Vya- figure 5.

33V, -66Vye-99Vy0.-132Vio-165Vi, - 198V 231V

respectively.[3]-[4] ’ZJE . J} J}
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B. Mode 2: Positive output voltage (6Vqd/7):
When MOSFET Switches,$:&S, are turned ON

A sa = =
Fig. 5. Output Voltage level ¥, = 6Vy/7to generate the Switching Sequence

C. Mode 3: Positive output voltage (5Vyd7):

When MOSFET Switches,$:&S, are turned ON
Fig. 3. Asymmetrical multilevel inverter and MOSFET Switch Sis turned OFF the current flows via




Diode D, So that the positive voltage 5¥7 is united to the
(+ve) terminal (a) of the load. When the MOSFETisSturned
ON , the (-ve) terminal (b) of the load is unitedthe ground
and remaining all the switches are in OFF conditi®he
current flows through the load from ‘a’ to ‘b’, ghat the
voltage brought to bear across the load ¥@#3 as shown in
figure 6.
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Fig. 6. Output Voltage level ¥,= 5Vyd7to generate the Switching Sequence

D. Mode 4: Positive output voltage (4Vqd/7):

When MOSFET Switches; &S, are turned ON and
MOSFET Switch & S, is turned OFF the current flows via
Diode D, & D,.So that the positive voltage 4¥7 is united to
the (+ve) terminal (a) of the load. When the MOSFEBwitch
S is turned ON , the (-ve) terminal (b) of thedda united to
the ground and remaining all the switches are inFOF
condition. The current flows through the load fraahto ‘b’,
so that the voltage brought to bear across the iLadavy/7
as shown in figure 7.
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Fig. 7. Output Voltage level ¥=4VyJ/7to generate the Switching Sequence

E. Mode 5: Positive output voltage (3Vqd/7):

When MOSFET Switches;&,&S, are turned ON
and MOSFET Switch $Sis turned OFF the current flows via
Diode Ds.So that the positive voltage 3¥7 is united to the
(+ve) terminal (a) of the load. When the MOSFET t8iS; is
turned ON , the (-ve) terminal (b) of the loaduisted to the

ground and remaining all the switches are in OFRdi@n.
The current flows through the load from ‘a’ to ‘I that the
voltage brought to bear across the load ¥@#3 as shown in
figure 8.
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Fig. 8. Output Voltage level ¥=3V4J/7to generate the Switching Sequence

F. Mode 6: Positive output voltage (2Vq/7):

When MOSFET switches ,&S, are turned ON and
Switch S& S; is turned OFF the current flows via Diode&D
Ds.So that the positive voltage ¥ is united to the (+ve)
terminal (a) of the load. When the MOSFET switch %
turned ON , the (-ve) terminal (b) of the load r§ted to the
ground and remaining all the switches are in OFRdi@mn.
The current flows through the load from ‘a’ to ‘39 that the
voltage brought to bear across the load isVg/2 as shown

in figure 9.
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Fig. 9. Output Voltage level ¥=2V4J/7to generate the Switching Sequence

G. Mode 7: Positive output voltage (Vqd/7):

When MOSFET switches; & S, are turned ON and
MOSFET Switch $&S; is turned OFF the current flows via
Diode D, &D3.So that the positive voltage 3)¥7 is united to
the (+ve) terminal (a) of the load.When the MOSFilitch
S is turned ON , the (-ve) terminal (b) of thedda united to
the ground and remaining all the switches are inFOF
condition. The current flows through the load fraahto ‘b’,
so that the voltage brought to bear across the imad1Vy/7
as shown in figure 10.
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Fig. 10.0utput Voltage level ¥=Vq4/7to generate the Switching Sequence



H. Mode 8: Zero output voltage (0Vq):

The Zero Output voltage level is produced by tugni
ON MOSFET Switches S& Ss or § & Sg and remaining
controlled switches are in off condition. When MQ@SF
switches $& Ssor S, &Sg are turned on , the output voltage
across the load is zero as shown in the figure 11
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K. Mode 11: Negative Output voltage(-3Vy/7):

Fig. 13.0utput Voltage level = -2Vy/7to generate the Switching Sequence
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Fig. 11.0utput Voltage level = 0V to generate the Switching Sequence

I. Mode 9: Negative Output voltage(-1Vy/7):

and MOSFET Switch Ss turned OFF the Current flows via
Diode D;, So that the Positive voltage 3\ is united to the
(-ve) terminal (b) of the load. When the MOSFET; %
turned ON , the (+ve) terminal (a) of the loadiisted to the
ground and remaining all the switches are in OFRdtmn.
The current flows through the load from ‘b’ to ‘&9 that the
voltage brought to bear across the load \&e87 as shown in

When MOSFET Switches ;X Sg are turned ON and
MOSFET Switch $& S;is turned OFF the Current flows via
Diode D, & D3, So that the Positive voltage,¥7 is united to
the (-ve) terminal (b) of the load. When the MOSF&itch
S;is turned ON , the (+ve) terminal (a) of the lesdinited to
the ground and remaining all the switches are inFOF
condition. The current flows through the load frdrhto ‘a’,
so that the voltage brought to bear across the iwa-Ny/7
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as shown in figure 12.
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Fig. 12.0utput Voltage level Y=

J. Mode 10: Negative Output voltage(-2Vy/7):

-V4J/7to generate the Switching Sequence
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Fig. 14.0utput Voltage level \= -3Vy/7to generate the Switching Sequence

L. Mode 12: Negative Output voltage(-4Vy/7):

When MOSFET Switches;&Sg are turned ON and
MOSFET Switches S& S, are turned OFF the Current flows
via Diode O & D, , So that the Positive voltage 4\ is
united to the (-ve) terminal (b) of the load.Whba MOSFET
switch § is turned ON , the (+ve) terminal (a) of the ldad
united to the ground and remaining all the switciresin OFF
condition. The current flows through the load frdrhto ‘a’,
so that the voltage brought to bear across the iwa-4/y/7
as shown in figure 15

When MOSFET switches,&Sg are turned ON and
MOSFET Switch $& S;is turned OFF the Current flows via
Diode D, & D3, So that the Positive voltage W7 is united
to the (-ve) terminal (b) of the load.When the M@SFswitch
S; is turned ON , the (+ve) terminal (a) of thedaa united
to the ground and remaining all the switches areOiRF
condition. The current flows through the load frdrhto ‘a’,
so that the voltage brought to bear across thiba/J/7 as
shown in figure 13.
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Fig. 15.0utput Voltage level \,= -4Vy/7to generate the Switching Sequence



M. Mode 13: Negative Output voltage(-5Vy/7):

When MOSFET switches;$:&Sg are turned ON and
MOSFET Switch § is turned OFF the Current flows via
Diode D, , So that the Positive voltage W is united to the
(-ve) terminal (b) of the load. When MOSFET switSh is
turned ON, the (+ve) terminal (a) of the load istesh to the
ground, remaining all the switches are in OFF comwli The
current flows through the load from ‘b’ to ‘a’, ghat the
voltage brought to bear across the load 9343 as shown in
figure 16.

* Liea
L = oa = —— e —e Fig. 18.0utput Voltage level = -V4t0 generate the Switching Sequence
et -
A== 1 L WAoo TABLE II. OUTPUT VOLTAGE ACCORDING TO THE SWITCHING®N-OFF
T IR T CONDITION
ke == R = = s=s
o + Vo S | S| S| S| S| S |S
S e Vee 1 1 1 1 1 0 0
6Vad7 0 1 1 1 1 0 0
Fig. 16.0utput Voltage level ¥,= -5Vy/7to generate the Switching Sequence «
5Vud7 1 0 1 1 1 0 0
. AVyl7 0 0 1 1 1 0 0
N. Mode 14: Negative Output voltage(-6Vy/7):
N P 98-Vl 7) 3Vyd7 1 1 0 1 1 0 0
When MOSFET Switches ,&:&Sg are turned ON and 2Vl 7 0 1 0 1 1 0 0
MOSFET Switch $is turned OFF the Current flows via VaI7 i 5 o 1 1 g 5
Diode D, , So that the Positive voltage &7 is united to the ¢
(-ve) terminal (b) of the load.When the MOSFET tshiS; is OVee 0 cjpoprpop 1o
turned ON , the (+ve) terminal (a) of the loadiisted to the OV 0 0 0 0 1 0 1
ground and remaining all the switches are in OFRdt®mn. VL7 1 0 0 0 0 1 1
The current flows through the load from ‘b’ to ‘@9 that the N 5 I 5 5 5 T I
voltage brought to bear across the load &leb7 as shown in -2Vad
figure 17. -3Vad7 1 1 0 0 0 1 1
-4V g7 0 0 1 0 0 1 1
-5Vad/7 1 0 1 0 0 1 1
e & ss
-6Vad/7 0 1 1 0 0 1 1
Ve 1 1 1 0 0 1 1

e i Table 2 shows the switching combination that gateer the
-+ 15 level output voltage level (Q¥,Vpc/7,2Vpc/7,3Vpcl7,
AV pol7,5Vool7,6Viod! 7. Voo -Vod 7,-2Vod! 7,-3Voal 7,-4Vod 7,

- 5Vpd/7, -6Vod/7, Vo)

Fig. 17.0utput Voltage level \= -6Vy/7to generate the Switching Sequence
. PWMSWITCHING TECHNIQUE

O. Mode 15: Negative Output voltage(-Vyc):

In Figure 19 shows the Modulation Technique. The
ion Control Scheme is divided into two typkey are
fundamental switching (low switching) frequency afhtigh
switching Frequency) PWM. In this ACHMLI the Phase
Disposition Pulse Width Modulation Technique (PDA/I)

is utilized with switching frequency of 2KHz.ThisDFPWM
technique is used to control the Switches in theeriter.
Figure 20 shows the generation of PD-PWM techniftpre

When MOSFET Switches 18,S:&Ss are turned Modulat
ON , the Positive voltage V7 is united to the (-ve) terminal
(b) of the load.When the MOSFET switch $ turned ON ,
the (+ve) terminal (a) of the load is united e ground and
remaining all the switches are in OFF conditione Tdurrent
flows through the load from ‘b’ to ‘a’, so that theltage
brought to bear across the load\ig.-as shown in figure 18.



ASCHBMLI. In this technique it consists of 14 carrsignals

and to reduce the Total Harmonic Distortion(THD)gu¥e

(2KHz) and sine wave fundamental frequency (50Hy) b 22,23 and 24 shows the Output PD-PWM switchingSo%,

using logical circuits the switching pulse are gaied [7]-[8].

( )

MODULATION TECHNIQUE

¥
J (
v 02
HYBRID J [ MULTI

CARRIER
MODULATION PWM

¥

LOW SWITCHING FREQUECY
MODULATION

P ¥
SELECTIVE
HARMONIC
ELIMINATION

NEARESTVECTOR

2

HIGH SWITCHING FREQUECY
MODULATION

]

REFME:I;II'\:CE SPACE VECTOR
PWM MODULATION

J

2D ALGORTHIM

(TpHasesHiFTED | ([ LEVELSHIFTED |

3D ALGORTHIM

NEARESTLEVEL

Fig. 19.Modulation Technique for Inverter

1
T

3 1 1 1 ‘
ACACACA /\V/\VI\VA
FAYAY

AVAVI\VA NIV 7\‘
FAVAN

AKAN AAAANANAAAANAN
V.V \AARARAAARRAN

Av/\v/\v/\
VAN

Amplitude in

FAVAN

\7
/\v/\vf\
AN

/\V/\V/\ Fal

/\V/\V/\V/\
VoV \AA

>

0 0.002 0.004 0.006 0,063 001

Time in m sec

0012 0,014

Fig. 20.PD-PWM Switching signal Generation

IV. SIMULATION AND RESULTS

Figure 21 shows the ASCHMLI with PD-PWM
techniqgue. The ASCHBMLI consists of three DC sosrce
seven MOSFET Controlled Switches and three Diodes.
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Fig. 21.A 15 level ASCHB Inverter with PD-PWM technique.

In Pulse Width Modulation(PWM) technique,the PD-
PWM is used to control the MOSFET switches in tineerter

& Si.The switches of S5, & S; are generated with high
switching frequency of 2KHz,where as in the Casdatke
bridge Inverter (CHBI), the Switches 4,,$,5&S; are
generated with low switching frequency of 50Hz heven in
figure 25.The 15-level output voltage for ASCHBMulith
PD-PWM is shown in figure 26.The output voltageelsvare
231Vye, 198V, 165V, 132Vye, 99Vye, 66 Ve, 33 Vye, 0 Vior -
33 Vi, 66 Vio -99 Vie,-132 Ve, -165Vie-198Vye,-231Vye
respectively.Figure 27 represents the THD analysfs

ASCHBML with PD-PWM.[9]

il

Woltage in volt

0.04
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Fig. 26.0utput Voltage for Asymmetric 15 level CHB Inverter



Fig. 27.THD Analysis for Asymmetric 15 level CHB Invertesing pulse

The 9-level output voltage for SCHBMLI with PD-
PWM as shown in figure 28. In SCHBMLI the outputtge
levels are 240Y%, 180 Vi, 120 Vj ,60 Vg, O0Vye,-60Vyc-
120V,-180Vy,-240 respectively. In figure 29 represents the
THD analysis of SCHBML with PD-PWM.[8]
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Fig. 28. Output Voltage for 9 level SCHB Inverter using-PiWM
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Fig. 29.THD analysis for 9-level SCHBMLI with PD-PWM

TABLE Ill. COMPARISON OFTHD FOR SYMMETRICAL AND
ASYMMETRICAL MULTILEVEL INVERTER
NUMBER OF
S.no MLI LEVELS THD
1 ASYM’\(/E:—RK:AL 15-LEVEL 7.21%
2 SYMM&E—IRICAL 9-LEVEL 22.00%

V. PROTEUSSOFTWATRE OUTPUT

Fig. 30.Asyymetric 15level CHBMLI Output PWM signals foif &, S & Sa

Fig. 31.Asyymetric 15level CHBMLI Output PWM signals fog, S &S7

The 15level ASCHBMLI is designed in Proteus
Software as shown in figure 32.In this system aGF&77A
microcontroller is used to generate the low andh lsgitching
frequency for Inverter . A MOSFET driver IC IR2118 used
for Boosting the Gate pulse from the microcon&olfhe
ASCHBMLI consists of 3 DC voltage source of §V16Vpc
and 32\4c .An IRF640 Mosfet is connected in series with DC
source and Diode is connected in parallel with Ntusfet and
DC source.Figure 29 shows the Gate pulse for Sv8i(H S;
and g .Figure 30 shows the gate Pulse of Cascaded Hy8rid
inverter of switch §S and S.

15 LEVEL ASYMMETRICAL CASCADED H BRIDGE MULTILEVEL INVERTER
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MOSFET DRIVER CIRCUIT FOR SWITCH S1 TO S7-IR2112

Fig. 32.A 15 Level ASCHB MLI using PROTEUS software
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Fig. 33.Asyymetric 15level CHBMLI Output voltage
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Fig. 36.THD analysis for ASCBMLI using RL Load

Figure 33 shows the Asymmetrical Cascaded H Bridge

Multilevel inverter for ouput voltage waveform.Tigut DC
voltage source are Y 16Vy, & 32Vy4 The output voltage
levels are8Y., 16Vye 24Vye, 32Vye, 40Vye 48Vy,56Vye,0Vye-
8V yo-16Vye,-24 Ve, -32Vye,-40Vq(,-48Vg,-54V,.  respectively.
[10]

VI. SEXPERIMENTALRESULTANALYSIS

15 LEVEL ASYMMETRICAL CASCADED H BRIDGE INVERTER USING RL-LOAD

| 15 LEVEL INVERTER qﬂ WU‘W‘M

CHBMLI
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Fig. 34.15-Level Load by using

PIC16F877A
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Fig. 35.0utput voltage and current waveform for 15-levelCASBBMLI using
RI Load

In Figure 34 shows the ASCHBMLI using RL load
using PIC16F877A Microcontroller for a real timestsm.
The input DC voltage are 4¥8Vy. and 16\, respectively.
The Output voltage levels are 28V 24Vy, 20Vy, 16V,
12V4e,8Vie, 4Vae, 0Vaa-4Vaa-8Vae-12Vye,-16 Ve -20Vy, -
24Vy,-28Vy.. The output voltage levels and current waveform
are shown in figure 35. In Figure 34 shows the Tatalysis
for ASCHBMLI uisng RL Load .

VII. CONCLUSION

A symmetrical Cascaded H bridge Multil level
inverter(SCHBMLI) and Asymmetrical Cascaded H bedg
Multilevel Inverer(ASCHBMLI) using PD-PWM technique
have been analysed in this paper. Both Invertersisb of
same power semiconductor switches but output veltagels
are different. In SCHBMLI the ouput voltage is véé ,
whereas ASCHBMLI the ouput voltage level is 15 levée
THD analysis for ASCHBMLI is 7.21% ,whereas THD
analysis for SCHMLI is 22.00%. In this system thEDT is
very less in ASCHMLI and it is implemented in raahe
system using PIC16F877A microcontroller with RLdoEhis
type of proposed system is used for high poweriegbns in
photovoltaic and its reduce overall cost as welsias of the
system.
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