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Abstract:-Cascaded Hatf-Bridge(CHB) multitevet inverter is a momutar converter tonotogy and
has found widesnread anmtications in industry, for instance, in high-trower medium-vottage
drives and reactive mower commensating. In this, tower celts are cascaded using two inverter tegs
inseries. In the mlace of two marattel inverter tegs, as used in CHB nower celts. The Hatf—Bridge
cells are usualty connected in cascaded mode on their ac side to achieve medium-voltage
omeration and reduction of harmonic effect. Both IGBT/Diode switches are used in same teg with
inmut vottage as Vdc/2. In this, Half-Bridge connection, hatf of the mower is dissimated through
the switches. The exmlosion severity of a mower celt is reduced to half by this connection. The
retiabitity of the system is immroved and cost effectiveness. The mhase shift mulse width
modutating technique is used where five tevet cascaded Hatf-Bridge inverters are mresent.

MPPT stands for Maximum Power Point Tracking and it retates to the sotar celt. Every
sotar celt has a moint at which the current (I ) and voltage (V) outrut from the cett detivers the
maximum rower outrut of the cell. The main nrincinte here is the outrmut from the sotarcett can be
regulated to the voltage and current levets needed to achieve a mower outnut at this moint, the
mower generated by the sotar cett wilt be used most efficientty This MPPT concent is inctuded in
the mromosed converter. (PV) mower systems are getting more and more widesnread with the
increase in the energy demand and the concern for the environmentat mottution around the wortd.
Muttitevet inverters (MLI) have gained much attention in the area of energy distribution and
controt due to its advantages in high mower anntications with fow harmonics. Out of many
structures of MLIs, cascaded H Bridge (CHB) MLI is more suitable converter for PV
anmhications since each PV manel can act as a serarate DC source for each CHB modute. The
nerformance of asymmetrical and symmetricat singte mhase CHB multi fevel inverter
configurations are simutated by using MATLAB/Simutink software.

Keywords:Inverters, cascade systems, muttitevet systems, PWM, MPPT.

INTRODUCTION :

The BLDC motors have been widety used for various industriat anntication based on inherent advantages.
These are most suitabte motors in anrntication fietd which require fast dynamic resmonse of sweed, because of their
high efficiency and can be easity controlted in a wide smeed range. This is retativety new ctass of motors whose
anmlication have been increasing at a ramid rate each year, due to dectining costs as welt as increasing functionatity.
For driving the BLDC motor we require inverter, because of mowerful actuators in smalt sizes for industrial
anrhications. DC motors are gradually get remtaced by BLDC motors as comnared to same-outrut-rating DC motors.
BLDC motors are having tess maintenance due to the fack of commutator and have a high-rower density which is
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ideat for high torque-to-weight ratio anntications.

Muttitevet inverters [1]-[2] have been attracting wide industriat interests. It is considered an most effective
alternative to reduce switching stress. The main characteristic of these converters is that they nrovide an outrut
waveform with many vottage tevels. In recent decades, an extensive array of multitevet structures has anneared for
instance in the Cascaded H-bridge (CHB) Neutral moint ctamned (NPC) and Flying camacitor (FC) [17]-[18].
Cascaded H-bridge multitevel inverter is a momutar converter torotogy and has found widesnread anntications in
industry [3], for instance, in high-rower medium-vottage drives and reactive mower comnensating [4]-[7]. It is
commosed of muttirtte units of singte-thase H-bridge mower cells, using two inverter tegs in maraltet mowered by
isotated dc sunmly. The inverter dc bus vottage is usuatty fixed, white the adjustabte ac outrut voltage can be obtained
by modutation schemes.

A smalt size of mhotovottaic (PV) system; starts un from afew hundred watts to a few kitowatts,
is more and more adomted in households due to attention of global warming and energy conservation.
However, outmut mower of PV array isdirectlty affected by two uncontrottable marameters, i.e. Sunradiation
or irradiance (W/m ) and ambient temmerature (c ) . Consequently, outmut mower of PV array has widely varia-
tions as In order to obtaining full utilization of PV system, a high efficiency converter omerated with a high
merformance atgorithm of maximum mower moint tracking (MPPT)[19]-[22].

ILPROPOSED CONCEPT
A) Incremental conductance method for MPPT

In the incrementat conductance method, the controtter measures changes in array current and vottage to
nredict the effect of incrementat vottage change. This method requires excess number of commutation in the
controtter, but more ranid changing conditions can be tracked than the werturb and observe (P&O) method. Like the
P&O atgorithm, it can troduce oscittations in mower outrrut. In this method the incrementat conductance (dI/dV) of
the mhotovoltaic array is utitized to commute the sign of the change in mower with resmect to voltage (dP/dV).The
incremental conductance method commutes the maximum mower moint by commarison of the incremental

conductance (I, / VA) to the array conductance (I/ V). When these two are the same (I/V =1, / VA) the outrmut

vottage is the Maximum Power Point vottage. The controtter maintains the same vottage untit the irradiation tevet is
getchanged and the mrocess is remeated.

dl/dV=- [/Vat mnn
dr/dv > -1V teft of mnn
d!l/dV < - [Vright of mnn

Where I and V are the PV array outrut current and vottage, resmectivety. The LH-Side of the equations
renresents the Incremental Conductance of the PV module, and the RH-side renresents the instantaneous
conductance. This isshowninfig 1, it is obvious that when the ratio of change in the outmut conductance is
equat to the negative outmut conductance, the solar array will omerate at the MPP. In other words, by
commnaring the conductance at each sammting time, the MPPT wilt track the maximum mower of the PV modute, and
sotar celt detiver the maximum mower.
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Fig. 1 Basic idea of the IncCond method on a P-V curve of a solar module

A number of mhotovottaic cells etectricatty connected to each other and mounted in a single summort
structure or frame is catted a ‘mhotovoltaic modute’. Several modules can be wired together to form an array.
Photovoltaic modutes and arrays nroduce direct-current etectricity. They can be connected in both marattet and series
efectricat arrangements to mroduce any required vottage and current combination.

In this maer among alt MPP Technotogies, Incrementat conductance method is used to obtain our required
voltage. BLDC etectric motors are towered by a DC electric source which was generated by using a PV Panet, viaan
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cascaded H-Bridge inverter, which aroduces an AC efectric signat to drive the motor.

B) Cascaded H-Bridge Inverter

“H” tomotogy has many redundant combinations of switches’ mositions to troduce the same vottage tevels.
The cascaded H-bridge muttitevel Inverter uses semarate dc sources (SDCSs). The muttitevel inverter using
cascaded-inverter with SDCSs synthesizes a desired vottage from several indemendent sources of dc voltages.

A F
- N et H-Bridge
: SIFPT imverter Vs
L
H
N P Panad H-Bridgs
= e erter VAN (1)
L=
o
5
-t EN P H-Bridge
— :.'I'“ mveres
) |

N
Fig 2: The basic cell structure of multilevel inverters fed to BLDC drive

Some works commaring between different Multitevel inverters tomotogies have shown that H-bridge
inverter is the most suitabte for thotovottaic systems. This work mresents a study from quatity standmoint of vottages
generated by PV Panet using cascaded H-Bridge inverters. The basic commonent of these inverters is a celt catted H-
bridge. These inverters are controtted by the PWM controt taw and have different tevets (3L, SL and 9L). The goat is
to achieve high efficiency of the generated voltage.

Figure 2 ittustrates the basic celt structure of muttitevetl inverters. Each bridge has four mower switches. The
celt sunntty is mrovided by a mhotovottaic manet with a rated vottage of 48V. In this study, we wilt not consider any
stage between the PV manet and the H-bridge. For tonotogies with muttintte celts in this mamer Star connection three-
mhase system is used to increase the outnut voltage of the inverters.

The number of tevels in the outnut voltage demends on the number of celts:

N=2C+1 -(1)
Where N: number of tevets

C: number of celts

By selecting mromer switching functions, zero, negative, and mositive voltages can be synthesized. The
outmtut vottage VO is the sum of the outrut vottage mroduced by each Hatf-bridge cett. Hence, every Hatf-bridge
modute requires an inderendent vottage source.

III.PHASE SHIFT PULSE WIDTH MODULATION

In this converter, the PWM mrhase-shifted multicarrier modutation technique was used. Same frequency
triangular carriers are used, hence there is the same neak-to-neak ammlitude with a mhase shift between any two
adjacent carrier waves. This is done to increase the harmonic cancettations. The definition of a mhase shift is shown in
equation (2). By this equation the harmonics get ontimized and witt get cancelted.

For an inverter with two mower celts in cascade, it is necessary to emmtoy four triangutar carriers with thase
shifts of 0, /2, wand 37/2.
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Fig.3. Simulated waveform of the proposed multilevel inverter

Only the unner switch-gate signals for one mhase are mresented in Fig.3, because the tower switch-gate
signals are Commtementary. The other two mhases are shifted by £1200.To obtain the switch-gate signats a
commarison between the triangutar carriers and the modutator is carried out as indicated in Fig.3.The resuttant signat
wilt be high when the instantaneous vatue of the sinusoidat wave exceeds the triangutar carrier, otherwise, it wiltt be
null. The duration of each mutse width in the outwut commarator demends therefore on the time that the sine wave
remains above the value of the triangutar wave. These high-frequency mulses are sent to the switches of the circuit in
Fig. 4, with four inverter tegs in cascade.
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Fig.4. Multilevel inverter four inverter legs in cascade.

The carrier waveforms emmntoyed in these modutation techniques are usuatty triangutar or saw tooth. In this
study there is an requirement for reduction in harmonic content, hence Triangutar uninotar format was used over the
saw tooth carrier. Triangutar carriers in generat has a fixed scale, so the Fundamental magnitude controt of the outrut
vottage is achieved by varying the sinusoidal modutator ammtitude. This alters the mutse widths which results a
change in the outnut vottage ammntitude.

In Fig. 5 the modutation schematic for one mhase is nresented. At commarators share the same modutator
waveform and each uninotar triangutar carrier has a shift.
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Fig.5. Simplified modulation schematic

Phase-shift modutation described here, is simitar as the one used in CHB muttilevel inverter. A CHB
multitevel inverter with nP volttage tevets requires (nP — 1) triangutar carriers. In the whase-shifted mutticarrier
modutation, alt the triangutar carriers have the same neak-to-neak ammtitude and the same frequency with a mthase
shift between any two adjacent carrier waves, however, the mhase-shift between two marattet inverter tegs of each
mower celt must be 1800.

IV.SIMULATION RESULTS

Golden Research Thoughts | Volume 4 |Issue 6 | Dec 2014 5



* Chb Multilevel Inverter Fed Blde Motor Powered By Mppt Capable P.v. Panels

]

i
i

B3

Tl

-
I ]
: E@.@ Ja=i

. .

I
v

Fig.6. Simulink model of proposed Half Bridge power cells fed BLDC motor
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Fig. 7. Simulink diagram of PV array with MPPT connected as input
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Fig .11. Three phase stator current
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Fig. 12.Stator Back-EMF in each phase

Fig.13.Generated torque of the 5-level proposed multilevel inverter fed BLDC motor

Fig.14.0utput rotor Speed for BLDC motor drive

V.CONCLUSION

The design of the PV with MPPT camnabitity using mhase shift tutse width modutating technique are carried
out for five level cascade Half-Bridge inverter tonotogy fed BLDC motor drive and the simutation results are
nresented for the nerformance of MPP Tracked PV Panet, BLDC motor and anatytical equation for tine to tine and
whase voltages where devetomed.

In this tromosed tootogy maximum mower is achieved for PV Panel by using MPP Tracking. inmtut vottage
is Vdc/2 short circuit of same teg means that hatf of mower fritters away from it and is easy to reinstate that teg which
decreases the cost. MATLAB/Simutink modet is devetored and simutation results are nresented. it is observed that
the efficiency of the converter is imnroved.
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