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CHB MULTILEVEL INVERTER FED BLDC 

MOTOR POWERED BY MPPT CAPABLE 

P.V. PANELS

Abstract:-

Cascaded Half-Bridge(CHB) multilevel inverter is a popular converter topology and has found 
widespread applications in industry, for instance, in high-power medium-voltage drives and reactive 
power compensating. In this, power cells are cascaded using two inverter legs in series. In  the place of 
two parallel inverter legs, as used in CHB power cells. The Half–Bridge cells are usually connected in 
cascaded mode on their ac side to achieve medium-voltage operation and reduction of harmonic effect. 
Both IGBT/Diode switches are used in same leg with input voltage as Vdc/2. In this, Half-Bridge 
connection, half of the power is dissipated through the switches. The explosion severity of a power cell is 
reduced to half by this connection. The reliability of the system is improved and cost effectiveness. The 
phase shift pulse width modulating technique is used where five level cascaded Half-Bridge inverters are 
present.
        MPPT stands for Maximum Power Point Tracking and it relates to the solar cell.  Every solar cell has a 
point at which the current (I ) and voltage (V) output from the cell delivers the maximum power output of 
the cell. The main principle here is the output from the solarcell can be regulated to the voltage and 
current levels needed to achieve a power output at this point,  the power generated by the solar cell will 
be used most efficiently This 

ORIGINAL ARTICLE

MPPT concept is included in the proposed 
converter. (PV) power systems are getting more 
and more widespread with the increase in the 
energy demand and the concern for the 
environmental pollution around the world. 
Multilevel inverters (MLI) have gained much 
attention in the area of energy distribution and 
control due to its advantages in high power 
applications with low harmonics. Out of many 
structures of MLIs, cascaded H Bridge (CHB) MLI 
is more suitable converter for PV applications 
since each PV panel can act as a separate DC 
source for each CHB module. The performance of 
asymmetrical and symmetrical single phase CHB 
multi level inverter configurations are simulated 
by using MATLAB/Simulink software.
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INTRODUCTION :

II.PROPOSED CONCEPT

Fig. 1 Basic idea of the IncCond method on a P–V curve of  a solar module

The BLDC motors have been widely used for various industrial application based on inherent 
advantages. These are most suitable motors in application field which require fast dynamic response of 
speed, because of their high efficiency and can be easily controlled in a wide speed range. This is relatively 
new class of motors whose application have been increasing at a rapid rate each year, due to declining costs 
as well as increasing functionality.  For driving the BLDC motor we require inverter, because of powerful 
actuators in small sizes for industrial applications. DC motors are gradually get replaced by BLDC motors 
as compared to same-output-rating DC motors. BLDC motors are having less maintenance due to the lack 
of commutator and have a high-power density which is ideal for high torque-to-weight ratio applications.

Multilevel inverters [1]-[2] have been attracting wide industrial interests. It is considered an most 
effective alternative to reduce switching stress. The main characteristic of these converters is that they 
provide an output waveform with many voltage levels. In recent decades, an extensive array of multilevel 
structures has appeared for instance in the Cascaded H-bridge (CHB) Neutral point clamped (NPC) and 
Flying capacitor (FC) [17]-[18]. Cascaded H-bridge multilevel inverter is a popular converter topology and 
has found widespread applications in industry [3], for instance, in high-power medium-voltage drives and 
reactive power compensating [4]-[7]. It is composed of multiple units of single-phase H-bridge power cells, 
using two inverter legs in parallel powered by isolated dc supply. The inverter dc bus voltage is usually 
fixed, while the adjustable ac output voltage can be obtained by modulation schemes.

A  small  size  of  photovoltaic  (P V)  system;  starts  up  from  a few  hundred  watts  to  a  few  
kilowatts,  is  more and  more adopted  in  households  due  to  attention  of  global  warming  and energy  
conservation.  However,  output  power  of  PV  array  is directly  affected  by  two  uncontrollable  

2 0parameters,  i.e.  Sun radiation   or irradiance (W/m ) and ambient temperature ( c ) .  Consequently,  
output  power  of PV array has  widely variations  as   In  order  to  obtaining  full  utilization  of PV system, 
a  high  efficiency converter operated with a high  performance  algorithm  of  maximum  power  point  
tracking (MPPT) [19]-[22].

A) Incremental conductance method for MPPT
In the incremental conductance method, the controller measures changes in array current and 

voltage to predict the effect of incremental voltage change. This method requires excess number of 
computation in the controller, but more rapid changing conditions can be tracked than the perturb and 
observe (P&O) method. Like the P&O algorithm, it can produce oscillations in power output. In this 
method the incremental conductance (dI/dV) of the photovoltaic array is utilized to compute the sign of the 
change in power with respect to voltage (dP/dV).The incremental conductance method computes the 

maximum power point by comparison of the incremental conductance (I / V ) to the array conductance (I Δ Δ

/ V). When these two are the same (I / V = I / V ), the output voltage is the Maximum Power Point voltage. Δ Δ

The controller maintains the same voltage until the irradiation level is get changed and the process is 
repeated.

Where I and V are the PV array output current and voltage, respectively.  The  LH-Side  of  the  
equations represents the Incremental Conductance of the  PV  module, and  the  RH-side  represents  the  
instantaneous  conductance. This  is shown in fig 1,  it  is  obvious  that  when  the  ratio  of  change  in  the 
output  conductance  is  equal  to  the  negative  output conductance,  the  solar  array  will  operate  at  the  
MPP.  In other words, by comparing the conductance at each sampling time, the MPPT will track the 
maximum power of the PV module, and solar cell deliver the maximum power.

A number of photovoltaic cells electrically connected to each other and mounted in a single 
support structure or frame is called a ‘photovoltaic module’. Several modules can be wired together to form 
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an array. Photovoltaic modules and arrays produce direct-current electricity. They can be connected in both 
parallel and series electrical arrangements to produce any required voltage and current combination. 

In this paper among all MPP Technologies, Incremental conductance method is used to obtain our 
required voltage. BLDC electric motors are powered by a DC electric source which was generated by using 
a PV Panel, via an cascaded H-Bridge inverter, which produces an AC electric signal to drive the motor.

“H” topology has many redundant combinations of switches’ positions to produce the same 
voltage levels. The cascaded H-bridge multilevel Inverter uses separate dc sources (SDCSs). The 
multilevel inverter using cascaded-inverter with SDCSs synthesizes a desired voltage from several 
independent sources of dc voltages.

Some works comparing between different Multilevel inverters topologies have shown that H-
bridge inverter is the most suitable for photovoltaic systems. This work presents a study from quality 
standpoint of voltages generated by PV Panel using cascaded H-Bridge inverters. The basic component of 
these inverters is a cell called H-bridge. These inverters are controlled by the PWM control law and have 
different levels (3L, 5L and 9L). The goal is to achieve high efficiency of the generated voltage. 

Figure 2 illustrates the basic cell structure of multilevel inverters. Each bridge has four power 
switches. The cell supply is provided by a photovoltaic panel with a rated voltage of 48V. In this study, we 
will not consider any stage between the PV panel and the H-bridge. For topologies with multiple cells in this 
paper Star connection three-phase system is used to increase the output voltage of the inverters.

The number of levels in the output voltage depends on the number of cells:

N = 2C + 1 - (1)

Where N: number of levels

C: number of cells

By selecting proper switching functions, zero, negative, and positive voltages can be synthesized. 
The output voltage VO is the sum of the output voltage produced by each Half-bridge cell. Hence, every 
Half-bridge module requires an independent voltage source.

In this converter, the PWM phase-shifted multicarrier modulation technique was used. Same 
frequency triangular carriers are used, hence there is the same peak-to-peak amplitude with a phase shift 
between any two adjacent carrier waves. This is done to increase the harmonic cancellations. The definition 
of a phase shift is shown in equation (2). By this equation the harmonics get optimized and will get 
cancelled.

For an inverter with two power cells in cascade, it is necessary to employ four triangular carriers 
with phase shifts of 0, p/2, π and 3π/2.

-(2)

B) Cascaded H-Bridge Inverter

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

III.PHASE SHIFT PULSE WIDTH MODULATION
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Fig.3. Simulated waveform of the proposed multilevel inverter

Fig.4. Multilevel inverter four inverter legs in cascade.

Only the upper switch-gate signals for one phase are presented in Fig.3, because the lower switch-
gate signals are Complementary. The other two phases are shifted by ±1200.To obtain the switch-gate 
signals a comparison between the triangular carriers and the modulator is carried out as indicated in 
Fig.3.The resultant signal will be high when the instantaneous value of the sinusoidal wave exceeds the 
triangular carrier, otherwise, it will be null. The duration of each pulse width in the output comparator 
depends therefore on the time that the sine wave remains above the value of the triangular wave. These 
high-frequency pulses are sent to the switches of the circuit in Fig. 4, with four inverter legs in cascade. 

The carrier waveforms employed in these modulation techniques are usually triangular or saw 
tooth. In this study there is an requirement for reduction in harmonic content, hence Triangular unipolar 
format was used over the saw tooth carrier. Triangular carriers in general has a fixed scale, so the 
Fundamental magnitude control of the output voltage is achieved by varying the sinusoidal modulator 
amplitude. This alters the pulse widths which results a change in the output voltage amplitude.

In Fig. 5 the modulation schematic for one phase is presented. All comparators share the same 
modulator waveform and each unipolar triangular carrier has a shift.
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Fig.5. Simplified modulation schematic

IV.SIMULATION RESULTS

Fig.6. Simulink model of proposed Half Bridge power cells fed BLDC motor

Phase-shift modulation described here, is similar as the one used in CHB multilevel inverter. A 
CHB multilevel inverter with nP voltage levels requires (nP – 1) triangular carriers. In the phase-shifted 
multicarrier modulation, all the triangular carriers have the same peak-to-peak amplitude and the same 
frequency with a phase shift between any two adjacent carrier waves, however, the phase-shift between two 
parallel inverter legs of each power cell must be 180o.
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Fig. 7. Simulink diagram of PV array with MPPT connected as input

Fig.8. Output 5 level phase voltage

Fig.9. Output 9 level line to line voltage

Fig .10. Output voltages of each phase

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.Output rotor Speed for BLDC motor drive

V.CONCLUSION
The design of the PV with MPPT capability using phase shift pulse width modulating technique 

are carried out for five level cascade Half-Bridge inverter topology fed BLDC motor drive and the 
simulation results are presented for the performance of MPP Tracked PV Panel, BLDC motor and 
analytical equation for line to line and phase voltages where  developed.

In this proposed topology maximum power is achieved for PV Panel by using MPP Tracking. 
input voltage is Vdc/2 short circuit of same leg means that half of power fritters away from it and is easy to 
reinstate that leg which decreases the cost. MATLAB/Simulink model is developed and simulation results 
are presented. it is observed that the efficiency of the converter is improved.
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