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Abstract- This paper proposes two new DC / AC multi-level hybrid bidirectional cells. PV MPPT method is used for the first 

cell. The second cell is called 5L – Parallel – BV (PBV) and has 5 voltage levels (5L). It is based on two parallel link groups 

of stacked HF cells, with two coupled inductors (CIs) and one simple cell. The use of two CIs is an interesting feature of the 

5L – PBV cell. These CIs only operate on a half-cycle alternatively, with the CI inductor winding currents naturally set at 

0. This paper is linked to the 3-phase 5L-PBV serial photovoltaic module. The advantage is that, with no output distortion 

of AC voltage due to unbalanced dc unit stress, the voltage of each DC in a multi-level inverter can be controlled. This theory 

allows PV system MPPT control to be easily carried out and the electricity produced overall is increased. The recent 

development of multiple-level inverter technology has been very important in the field of current control and high power. 

By using these inverters, we can adjust the induction motor's frequency levels without changing the input power. This article 

presents an experimental analysis and calculation of the bearing power for the 3-phase Induction motor linked to the 5L – 

PBV inverter circuit in three phases. The proposed switching cell requires a new three-stage, multi-level inverter. Finally, 

the induction motor is connected to the 3 phase multi-phase inverter output. Through the use of the photovoltaic cell, the 

speed and strength of the electromagnetic torque are controlled. The layout is an input source for the PV induction engine. 

The results are checked using the software MATLAB Simulink 
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1. Introduction 

In recent years there has been an important increase in interest in multi-level power conversion. The advantages of multi-level 

topologies [1] are due primarily to this: Reduce the voltage converter turned on; Enhancing the output wavelengths quality; increase 

the apparent frequency of switching; Reduce the current ripple output. The basic definition for new multi-level converters 

development includes the three-level neutral – clamped (3L – NPC) topology [2], basic-topology cascade connections [3], Flying – 

Capacitor [4], and Coupled – Inductor (CI) principles [5]. A modern, unidirectional switching cell 3L – CI 3-phase inverter was 

presented with two-level (2L). New 5L inverters have been produced in [7] and [8] based on this principle. The key benefit of these 

topologies is that time is reduced. The high-frequency output harmonic currents have also been strengthened. The new single-phase 

five-level converter was proposed in [9] with the use of a CI principle and a DC voltage source (not separated by a DC voltage 

condenser). New multilevel Stacked – Flying – Capacitor (SFC) inverters were proposed in recent years[10] – [12], to increase the 

input voltage level and decrease the stored energy in FCs. Additional new multilevel topologies, involving integrated gate-

commutated thyristors (IGCTs), gate-changed thyristors (GTOs), and insulated gate bipolar transistors (IGBTs), were offered using 

a hybrid approach in synergy. The multi-level topology in [13] blends the FC concept's versatility with the power of the Active-

NPC (NPC) industrial converter. In[14] another hybrid approach was suggested that the versatility of the CI definition will be 

combined with the solidity of the industrial ANPC framework. It has mainly been designed to increase the output flow while 

reducing the current tension in power systems. Also, operation with the multilevel inverters shows key importance in high voltage 

power transmission systems [15]. 

In coloring, dust, and disparity in aging modules, the IV characteristics of the string modules cause variations, leading to several 

local maximum power points in the P-V string [2]. Complex MPP techniques are discussed for the monitoring of the global MPP 

[3]. The serial photovoltaic modules, as shown in Fig. 1, can be divided into different groups which become the dc units of the 

multi-level converter. 

 
Fig.1, series-connected photovoltaic 
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Then you can individually change the voltage of these DC units so that you get independent MPPT control and minimize the partly 

shading effect. The above issues are detailed in this paper when the topology is a 5L-PBV inverter in three phases with 2 photovoltaic 

groups (Fig.1). The goodness of the proposed plan is also tested by simulation and experimentation. 

The previous study shows PWM is a common voltage generator in the mode itself [1]. As the regular mode flows into the ground 

of the device, a rapid transition causes the voltage in the rotor shaft of the IM. This induced rotor voltage induces flow and flows 

from the rotor to earth through the tank and contributes to EDM motion at the inner course [1, 3, and 4]. The life of the bearing 

decreases thanks to the EDM. 

It should be remembered that the sum of the three phase balanced voltages of sinusoidal is equal to zero at a three phase IM star 

point. Popular mode = C dv / dt, therefore.   Where "C" is the system's overall power. The latest generation 

bearing mechanism is seen [2, 3]. The common-mode voltage at stage A is VAO with the inverter negative dc bus as a reference. 

The investigation of emissions bearing current and the point of star from IM to ground voltage is discussed below: Different methods 

were proposed for reducing the transient voltage from IM to ground at the star point and Shaotang Chen bearing current [4]. 

Introducing a passive filter system, David hypo [5] also suggested a new filter method for Yo-Chan Son & Seung-Ki Sul [6]. The 

application of the three-phase 5L – PBV inverter method for feeding a three phase inductive motor is discussed in this paper. This 

article presents the high-frequency phase that switches just half the output current, while the low-frequency phase switches the full 

induction motor output waveforms to the inverter with a 3-phased 5L – PBV inverter. 

 

2. Literature Review 

A. Three-level Unidirectional–Vienna (3L–UV) rectifier 

A three-stage bidirectional PWM multi-stage corrective was implemented to reduce the harmonic components of the input current. 

An additional power device was required per step to generate three voltage levels. This 3L structure was translated into a boost 

unidirectional topology. The other unidirectional 3L PWM corrective variants were proposed in a Vienna rectifier. The famous 3L 

structure of the published topology is UV rectifier (Fig.2). Vienna (UV). 

Fig.2. Three-level unidirectional–Vienna (3L–UV) rectifier 

It only has one active (T) semi-controller and lower current rippling compared to the 2L PWM rectifier, with the 3L-UV rectifier. 

This 3L topology ensures that the conversion is unidirectional and can only function in corrective mode. It is impossible to operate 

in inverter mode and reactive power generation is severely limited. 

 

B. 3L– Bidirectional–Vienna 

A new three-tier (3L) hybrid DC / AC bidirectional switching cell [Fig.3] is introduced in this article. It is called 3L – Bidirectional 

– Vienna (3L – BV) and can be connected to a power source. 3L – BV topology is new and is based on two cascading steps operated 

at various switching frequencies (high and low). The high frequency (HF) stage is unique for piled switching cells using a shared 

three-pole bidirectional power unit, while a 2L base switching cell is the low frequency (LF) stage. The paper introduces two classic 

3L concepts: 3L – NPC-Topology and 3L – unidirectional – Vienna (UV) correction, along with the proposed 3L – BV switching 

cell. 

Fig. 3. Multilevel switching cells. (a) 3L–Bidirectional–Vienna (BV) topology. 
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C. Three-level NPC topology: 

 

Fig.4 Three-level single–phase half–bridge NPC topology 

 

The 3L-NPC converter is a two-way DC-AC topology that is commonly used in medium high-power applications. The field of 

research for low voltage applications (< 1000 V) has been broadened recently. 3L topologies derived from the NPC theory were 

recently suggested to boost performance. The 3L-NPC topology has only three moving states using a sinusoidal PWM (SPWM) 

technique. The S1 and S4 switches are operated for the whole cycle, each with S3 and S2 complementary. A loop is a reference 

voltage-time (vr). The power supply regulation depends on the indication of the reference voltage. The power controller S1 and S4 

is performed at switching frequency (fsw) when the reference voltage of a sinusoid is positive, while S3 is activated and S2 disabled. 

The control of power devices is reversed when the sinusoidal reference voltage is negative. S2 and S3 are controlled at fsw, and 

S1 is switched off and S4 activated. Consequently, just half of the cycle of voltage (Vdc/2) is switched from the four active voltage 

devices (S1 to S4). 

 

D. BV Flipping Cell Of Three Stages 

The proposed 3L topology, which comes from the principles of 3L – UV correction and 3L – NPC, is called Bidirectional – Vienna 

(3L – VVB) [Fig. 5]. For the first time in [11], a version of the 3 L-BV principles was implemented. 

 

 
Fig.5 3L-BV Switching Cell 

 

The only difference is that there is no anti-parallel diode needed for the active device (Tc). Topology is known as a hybrid because 

it involves semi conductive instruments that turn at various frequencies. The high-frequency (HF) high-swing is equivalent to three 

active power devices (S1, S2, Tc), whereas the low-frequency (LF) is equivalent to the reference frequency (fr) of both active 

semiconductor devices (s3 and S4). The active instrument Tc is a bipolar transistor that needs no anti-parallel diode, to be 

highlighted. The S3 and S4 active power devices are presented as IGCT to emphasize low switching frequency operations. 

 

E. NPC Topology of Three Levels 

The 3L NPC converter is a two-way DC-AC topology (Fig.6) primarily for applications with high power medium-voltage. The 

study area for low-voltage applications has been expanded by recent studies. 3L topologies derived from the NPC theory were 

recently suggested to increase efficiency [16]. 
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Fig. 6. Three-level single–phase half–bridge NPC topology. 

 

The 3L-NPC topology has only three moving states using a sinusoidal PWM (SPWM) technique. The S1 and S4 switches are 

operated for the whole cycle, each with S3 and S2 complementary. A loop is a reference voltage- time (vr). The power supply 

regulation depends on the indication of the reference voltage. The power controller S1 and S4 is performed at switching frequency 

(fsw) when the reference voltage of a sinusoid is positive, while S3 is activated and S2 disabled. The control of power devices is 

reversed when the sinusoidal reference voltage is negative. S2 and S3 are controlled at fsw, and S1 is switched off and S4 activated. 

As a result, just half of the cycle is shifted from four active power devices (S1 to S4) to half the voltage supply (Vdc/2). The average 

frequency of switching on a cycle (fav) is equal to fsw (fav = fsw/2), while the apparent frequency of switching on the output 

voltage (fap) is equal to fsw (SW). 

 

F. Unidirectional Three-Level Viennese Corrector (3l-Uv) 

A three-phase multilevel PWM rectifier was proposed in 1992[17] to minimize harmonic components of the input current. An 

additional power device was required per step to generate three voltage levels. This 3L structure was transformed in 1994[18] in a 

one-way boosting topology and called a Vienna rectification unit. Other 3L unidirectional PWM rectifier variants were subsequently 

proposed in 1996[19][20]. The most common 3L structure of Unidirectional – Vienna (UV) rectifier is the topology published in 

[20] (Fig.7). 

 

 
 

Fig. 7. Three-level uni-directional–Vienna (3L–UV) rectifier 

 

Just one working semiconductor (T) unit has a working 3L-UV rectifier and lower ripples than the 2L-PWM rectifier. This 3L 

topology ensures that the conversion is unidirectional and can only function in corrective mode. It is impossible to operate in inverter 

mode and reactive power generation is severely limited. At the switching frequency (fsw), the active power device (T) is regulated 

during the cycle and half of the output voltage is regulated (Vdc/2). Therefore the average frequency of switching (fav) in T and 

the apparent frequency of switching (fap) of the voltage of input (Vao) equals fsw. 

 

G. BV Flipping Cell of Three Stages 

3L topology (3L – BV) [Fig.1 (a)] is called Bidirectional – Vienna (3L – BV), originating from 3L – UV corrective equipment and 

3L‐NPC definitions. For the first time in [21], a version of the 3L-BV principle was implemented. The only difference is that there 

is no anti-parallel diode needed for the active device (Tc). Topology is known as a hybrid because it involves semi conductive 

instruments that turn at various frequencies. The high-frequency (HF) high-swing is equivalent to three active power devices (S1, 

S2, Tc), whereas the low- frequency (LF) is equivalent to the reference frequency (fr) of both active semiconductor devices (s3 and 

S4). The active instrument Tc is a bipolar transistor that needs no anti-parallel diode, to be highlighted. The active power devices 

S3 and S4 are shown as IGCT to display a low frequency of operation. Tc and the two D1c and D2c diodes form a three-pole shift 

(Fig.8) with two bidirectional states (O-1 and O-2). Thus, two stacked HF switching cells consist of HF devices. S1 and SO1 are the 

first cell and only operate for the positive reference voltage. The other cell consists of S2 and SO2 and only deals with negative 

reference stress. 
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Fig. 8.Three–pole switch. (a) Symbol. (b) Switch SO1. (b) Switch SO2 

 

The 3L – BV topology has four switching states, i.e. P, O1, O2, and N, using a sinusoidal PWM strategy (SPWM). The Tc switch 

is regulated at fsw during the cycle, and S1 and S2 just half a cycle at fsw. The 3L – BV switching cell proposed, therefore, has the 

following features: 

(a) The S1 and S2 averages are equal to half (fav – S1 = fav – S2 = fsw/2); thus S1 and S2 both have losses and losses of 

switching; 

(b) Tc's average switching frequency is fsw (fav – Tc = fsw); this T system switches at zero current when DC / AC is converted 

to the unit power factor; 

(c) Active power units S3 and S4 only have a loss of conductivity; switching losses are negligible because they shift at the low 

frequency equal to the frequency of reference voltage (fr); 

d)      fsw (fap = fsw) equals the apparent (effective) output torque switching frequency (fap). The 3L – BV switching cell for 

single-phase half bridge-PWM inverter with a load of an RL is validated in the paper author. A 3-phase 3L – BV converter 

can be obtained with three 3L – BV switching cells supplied with the same DC voltage. This arrangement can be used as a 

PWM or PWM inverter bi-direction. The proposed 3L-BV Switching Cell is not so desirable because of the greater number 

of active semiconductor devices than 3L – NPC. Its growth, however, is necessary to obtain new multilevel, high-

performance static power conversion solutions. 

 

H. 5L–Parallel–BV (PBV) topology 

 

Fig. 9. Multilevel switching cells 5L–Parallel–BV (PBV) topology. 

 

A new 5-level (5L) hybrid switching cell is also suggested with the 3L-BV principle [Fig.9]. 5L – Parallel-BV (PBV) converter is 

based on two groups of parallel, stacked HF-switching cells, which are linked via two coupling-inductors (CIs) and one simple 2L-

cell (according to 3L – BV cell). The proposed 5L – PBV topology offers a convenient solution for low-voltage applications to 

increase the power supply while minimizing switching power in the HF stage. It can be used to build new multilevel bidirectional 

PWM converters with improved performance. 

 

3. Single–Phase 5l–PBV Inverter 

Fig. 10 for the first time introduces the proposed 5L – PBV switching cell. It consists of two cascading stags and two coupling 

inducers (CI1 and CI2) operated at different frequencies. The HF phase is unique to the parallel link between two groups of stacked 

switching cells in conjunction with 3L – BV, while the LF phase consists of a simple 2L switching cell. 

The main DC voltage supply (Vdc) is divided into two secondary Vdc/2 link voltages, realized by two series of C1 and C2 connected 

condensers. All power equipment is priced at half the DC-link voltage (Vdc/2). To achieve bi-directional transmission of electricity, 

the new 5L switching cell can be connected between a voltage source and a current source. It can also be used for designing new 

topologies of PWM inverters/correctors. 
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(a) Positive reference voltage 

 

 
 

(b) Negative reference voltage 

 

Fig. 10. Equivalent magnetic circuits of proposed 5L–PBV inverter. (a) the positive reference voltage (b) negative reference voltage 

There are two identical circuits, depending on the reference voltage sign (Fig.10). In the single-phase half- bridge 5L – PBV inverter 

is regulated by the phase-shifted (PS) and the level-shifted (LS) techniques. Thus, a comparison of the sinusoidal reference voltage 

with four phase-level-shifted carriers (PLS) control of the active power devices is obtained. The originality of the proposed 5L – 

PBV inverter is that the difference of the currents in the inductor windings after each loop is automatically removed. The use of 

both CI for each arm allows the load current to be divided into high-frequency (HF) power devices in a balanced fashion, with 

the current being half the load current for each HF cell. 

 

4. Photovoltaic (PV) System 

A PV system transforms solar energy directly into electricity [22]. The PV cell is the fundamental unit for a PV system. Arrays 

may be divided into cells. The voltage and current on the PV unit can either be directly supplied by the power converter or connected 

to the power grid through small loads such as lighting systems and DC engines. 

 

Fig.11. Block diagram representation of Photovoltaic system 

This PV system comprises three main elements: PV module, system balance, and load. Photovoltaic system Charger, battery, and 

inverter are the main components of the system in these systems. The PV device block diagram is shown in Fig.11. A cell is 

essentially a semiconductive diode, the p-n junction of which is exposed to light. A variety of semiconductor types use different 

processes to manufacture photovoltaic cells. If the light incidence in the cell is short-circuited, charge carriers produce an electrical 

current. 
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Fig.12. Characteristics I-V curve of the PV cell 

 

Fig.12 displays the PV cell equivalent circuit. The PV cell is shown in parallel with the diode in the above figure by a current 

source. Rs and Rp are the series and parallel resistance. I-V characteristic of PV cell is shown in fig 8 Net-cell current I consisting 

of the current IPV produced by the light and the current ID diode. The I-V characteristics of the PV cell format are shown in figure 

8. 

 

 
 

Fig.13 PV inverter with MPPT control 

 

5. DC Voltage Control Units 

With three levels inverter (Fig.13), Inp Term 0 only if bc connects to junction O, and then in one switching time we get an 

average Inp value (Inpav). 

 

I′′, mid-I′, and min-I′ are phase currents that fit Vmax ′′, Vmid′ and Vmin ′′ phase legs. Equality. (7) it is important to simplify 

 

μ is the vector for a sign and μ= 1 for Vmin \>0 in equation above; μ = −1 for Vmax < 0. In equation above. 

Eq.(6) can be extracted from Voffset2 field. 

 

 

 

If the two units' voltage is stable in Fig.3, we can deduce from above equations, the MPPT Control Algorithm 

 

 

The broader irradiance between PV1 and PV2 shows in Fig.2(a) the bigger the Ï pv is. The above is not limited to Eq.(9), therefore, 

Inpav has a limit. As stated above. If Ï pv does not reach the cap, the simple MPPT control algorithm is appropriate and the MPP 

can be controlled by each of the photovoltaic groups. 

If the irradiance difference is significant and Ï pv exceeds Inpav's limits, the voltage of the higher-irradiance PV group must rise to 

allow the Ipv to fall to Inpav 's limits. The increase in voltage is to be determined by Inpav 's limit. For both power generation and 

systems reliability, there is a balance. Incremental action is used in this paper as the fundamental MPPT control algorithm [5]. In 

the following equation, the voltage relation is defined. 

http://www.ijsdr.org/


ISSN: 2455-2631                                      November 2023 IJSDR | Volume 8 Issue 11  

IJSDR2311034 www.ijsdr.orgInternational Journal of Scientific Development and Research (IJSDR)  247 

  

 

Whereas in K calculation duration, Vref(k), P(k), and V(k) are the references to the power of the PV group, real-time power, and 

real-time voltage. · DET is the voltage change incremental coefficient. Fig.5 displays the flow map of the stand-alone MPPT 

control algorithm. 

 

 
 

Fig. 14. The calculation flow of Voffset2 

The low irradiance MPP of the PV group is first followed by the algorithm. If the voltage error falls within the Verror, this means 

that control margin remains in the control of the MPP; where a voltage error exceeds Verror, it means that the voltage error has 

reached a limited voltage level and the voltage relation falls increased in steps by step  by  Vstep  to minimize the output current, it 

means that, if the voltage error exceeds the ̈ Verror ̈ The total output power of PV inverter can be maximized with this MPPT 

algorithm no matter how high the irradiance difference is 

 

 

Fig. 15. The algorithm flowchart of independent MPPT control 

Followers may be determined as following equations after Vref1 and Vref2 are obtained, the whole reference dc voltage Vdc * and 

the unbalance factor reference Vdc *. 
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6. Dynamics Of Induction Motor 

In the stationary reference system shown in the figures below, a Squirrel cage Induction motor with Direct Axis and Quadrature 

Axis(d-q) theory requires fewer variables and easier analysis. 

 

Fig.16. Stator and rotor axis in two axis reference frame (a) q-axis and (b) d-axis. 

The transient electrical model can be used in matrix form in voltages and currents [5]. 

 

Normally speed is not processed as a constant. The torque can be connected to[12]. 

 

7. Control Schemes Of Induction Motor 

In essence, two general field-oriented control methods exist. They are the following: 

(a) Direct Field Oriented Control, 

(b) Indirect Field Oriented Control. 

(a) Direct Field Oriented Control Method: 

The name direct vector control [6] is provided by the generation of a vector signal from a feedback flux vector. 

 

 

 

The drive frequency is not regulated as in the scalar control in the vector control system directly. The machine is primarily automatic, 

where both the frequency and stage are indirectly regulated using the unit vector [3]. There is no fear of a problem of stability by 

crossing the point of action as a scalar control beyond the disintegration torque. The transitional response is as quick as DC since 

this approach does not affect the torque control of the stream. However, it is not possible to ideally vector control the converter and 

signal processing delays and the parameter variation effect in practice. Like a dc computer, speed control is possible without more 

control elements in four quadrants [9]. If the torque is negative, the drive initially enters regenerative braking mode, which decreases 

speed. The unit vector phase series automatically reverses at zero speed and gives the reverse motor operation[11]. 

 

8. Existing Three Phase 5LPBv Inverter 

A three-phase 5L-PBV inverter in this segment is proposed based on the 5L-PBV definition (Fig.9). The topology is regulated by 

CSVPWM, a technique that better addresses the emphasis of the vectors in each shift time. It is noted that this paper does not aim 

at optimizing the PWM strategy. The principle 3L – BV was used to create the Parallel – BV (5L – PBV) second hybrid five-level 

cell that switches to enhanced performance. It is also based on two cascaded phases, but the high-frequency stage shifts just half of 

the current, and the low-frequency phase switches over the whole current. It is also regulated at various frequencies. Numerical 
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simulations for both single and three-phase inverter topologies have tested the mode of operation of the proposed concepts. The 

characteristics of these topologies are also presented and the findings obtained to support the theoretical research carried out 

Fig. 17. Three-phase 5L–PBV inverter 

 

9. Proposed Pv Three–Phase 5L–PBV Inverter With Induction Motor 

Fig.10 for the first time introduces the proposed 5L – PBV switching cell. It consists of two cascading stags and two coupling 

inducers (CI1 and CI2) operated at different frequencies. The HF phase is unique to the parallel link between two groups of stacked 

switching cells in conjunction with 3L – BV, while the LF phase consists of a simple 2L switching cell. 

The DC power output of the PV array should be converted via the inverter control into the three-phase high- quality AC power 

with the stability of current, provided the grid voltage is stable. Two serial linked capacitors (C1 and C2) divide into the PV 

output DC voltage (Vdc/2) into two secondary DC-link voltages (C1 and C2). All power devices are calculated at half the voltage 

of the DC-link(Vdc/2). To achieve bi-directional transmission of electricity, the new 5L switching cell can be connected between a 

voltage source and a current source. It is also possible to create new topologies for PWM inverters/rectifiers. Two equivalent circuits 

are obtained according to the reference voltage sign (Fig.6). The S3 system is allowed when Vr>0 is activated, while S4 is 

deactivated. The input voltage used for the parallel switching cells is positive and corresponds to half the DC – link voltage (Vdc/2). 

The center point (O) of the C1 and C2 series condensers is attached to the SO1 and SO3 switches, and the voltages v1O and v3O 

are positive on average. If VR<0, S4 is allowed while S3 is disabled. The S4 is allowed. The center point (O) of the series of 

condensers is connected with the SO2 and SO4 switches. The average values of v2O and v4O voltages are negative in this case. 

The PS and LS methods are combined to monitor the 5L PBV single-phase half-bridge inverter. This is a simple phase-shifting 

technique. Thus a comparison of the sinusoidal reference voltage with four phase-level- shifted carrier (PLS) control of the active 

power devices is obtained. It has been observed that S11 and T1c power regulation, respectively S12 and T2c, are only controlled 

complementarily at half the cycle if the benchmark voltage is positive. The S11 and S12 controls are phase-shifted to 180 ° (vr>0) 

for this scenario. The S21, T1c, T2c, and S22 power supplies are similarly monitored for vr<0. Analysis of the ideal magnetic 

equivalent structures without energy storage (Fig.5) shows that the voltage of the magnetic structure is positive for reference voltage. 

v10 – vA0 = vA0 – v30 (1) 

The output voltage is then defined 

vA0 = (v10 + v30) /2 (2) 

 

 
 

Fig.18. Proposed Three Phase 5L-PBV Inverter with PV array Induction Motor. 

 

The originality of the proposed 5L – PBV inverter is that the difference of the currents in the inductor windings after each 

loop is automatically removed. The use of both CI for each arm allows the load current to be divided into high-frequency (HF) 

power devices in a balanced fashion, with the current being half the load current for each HF cell. The switched and drive currents 

are decreased for the HF switches: 

i1 = -i3 = iA/2 

The increase in the output voltage levels to five (5L) in comparison to the 3L – BV structure is another aspect of this structure. In 

addition to this, two times the frequency of switching of the output voltage tends to be: 

fap = 2.fsw 

These advantages contribute to the reduction, size, and expense of the output filter, in the loss of switching in HF power devices. 

The difference of currents by the inductors winding of CI1 (i1 and i3) gives the output currents for the positive voltage: 

iA = i1 – i3 
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A digital simulation of a single-phase half-bridge PWM inversion system with an RL load validates the 5L – PBV switching cell. 

Fig.8 shows some simulation findings. The output voltage has 5 levels [Fig.8(a)], the charging current is balanced in CI windings, 

and the inductor winding currents are normally set to null after each loop [Fig.8(b)]. The load current is divided into three levels. 

A three-phase 5L-PBV inverter in this segment is proposed based on the 5L-PBV definition (Fig.9). The topology is regulated by 

CSVPWM, a technique that better addresses the emphasis of the vectors in each shift time. 

It is noted that this paper does not aim at optimizing the PWM strategy. First, modulation at phase-level- shifted (PLS) can be 

expanded to include the typical offset mode in the reference voltages VrA, VrB and VrC of three phases, as described in [14]. This 

offset comprises a third harmonic portion from 

 

where k= A, B, C 

The voltage references vrk 'shall be transferred in a second step to a common carrier band [0, 1] by the following modulo function 

 

 

Where the rest of the division (a / b) is supplied (a mod b). The further offset of the transformed vrk's indicators ensures that in each 

switching cycle the middle two space vectors of the switching series are oriented. Vrefk, including all offsets, is given the final 

voltage references 

 

 
 

The 5L – Parallel – Bidirectional – inverter Vienna has an interesting property to use with each arm of two CIs. The CIs of an 

arm therefore only operate on a half cycle and naturally the currents in inductor windings after each cycle are set to zéro. This 

implies that any difference between the currents in the inductor windings is constantly set to zero. By using the PWM inverter, we 

achieved better efficiency with the multi-level inverter and results were seen to be excursive. The three-level induction motor 

performance improvements. This work provides an extensive explanation of the theory of direct vector control and the current model 

of the motor. The drive system mathematical model was developed and results simulated. 

10. Simulation Results 

Here the simulation results are carried out in 3different cases 

1) single–phase half–bridge 5L–PBV inverter 

2) Three-phase half-bridge 5L–PBV inverter 

3) Three-phase half-bridge 5L–PBV inverter with induction motor 

Case-1 single–phase half–bridge 5L–PBV inverter 

Fig.19 simulation output waveform of single–phase half–bridge 5L– PBV inverter 

 

 
Fig20 Simulation results for the proposed single–phase half–bridge 5L–PBV inverter output voltage, output current 

http://www.ijsdr.org/


ISSN: 2455-2631                                      November 2023 IJSDR | Volume 8 Issue 11  

IJSDR2311034 www.ijsdr.orgInternational Journal of Scientific Development and Research (IJSDR)  251 

  

 

Fig.21. The output currents in inductor windings 

 

 
Fig.22 simulation output waveform of three-phase half-bridge 5L– PBV inverter 

 

Fig.23 Simulation results for three-phase 5L–PBV inverter reference voltage for phase A, Line–to–line output voltage 

 

Case-3 Three-phase half-bridge 5L–PBV inverter with induction motor 

Fig.24. The three-phase inverter output voltage, output current 

 
Fig.25 Armature current of induction motor 

http://www.ijsdr.org/


ISSN: 2455-2631                                      November 2023 IJSDR | Volume 8 Issue 11  

IJSDR2311034 www.ijsdr.orgInternational Journal of Scientific Development and Research (IJSDR)  252 

  

 

 
Fig.26 Speed of an induction motor 

 

Fig.27. Electromagnetic torque of an induction motor. 

11. Conclusion 

A separate MPPT control device by the multi-level inverter is addressed in this paper to alleviate the inappropriate problem of 

connected PV modules with partial shading conditions. A detailed review of the control technique for three stages 5L – PBV is 

carried out such as noncorresponding compensation, independent stress control, and the MPPT algorithm. In this paper, the three-

phase engine improvement output was presented using a multi-level inverter. With the multi-level method, the overall output current 

wave rate can be decreased by decreasing the output voltage value in stages, or by increasing the apparent output frequency of 

switching. Two new hybrid two-way DC-AC hybrid switching cells were presented in this work. You may link a voltage source to 

a power source. The First Solution is based on two different-from 3L – Bidirectional – Vienna (3L – BV) phases operated at various 

frequencies. The high-frequency stage requires two stacked switching cells with a 3-pole typical active power unit. In 5L – PBV, 

coupling inductors constitute an impediment to medium voltage applications with a low switching frequency. The proposed 5L 

topology is, therefore, an attractive solution for low-voltage applications, primarily for raising the output current, while reducing 

the current switched by the high- frequency power devices. Further, in terms of the voltage of the current probe output on the SVM 

system, there is no appreciable high-frequency change at the star point of IM to PV voltage and in the bearing current. 
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