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Abstract— In this article, a new basic unit for cascaded multi-

level inverter is proposed. This inverter when cascaded in 

further units is able to increase the number of output voltage 

levels and reduces the number of power electronic devices. 

The comparisons show that the proposed topology needs 

fewer DC voltage sources and power switches, less variety of 

the magnitude of DC voltage sources, and smaller amounts of 

blocked voltage by switches. The operation and performance 

of the proposed multilevel converter have been evaluated 

with the experimental results.   
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I. INTRODUCTION 

The development of electric and hybrid-electric vehicles will 

offer many new opportunities and challenges to the power 

electronics industry, especially in the development of the 

main traction motor drive [1]. Numerous multilevel converter 

topologies and wide variety of control methods have been 

developed in the recent literature [2] –[5]. Three different 

basic multilevel converter topologies are the neutral point 

clamped (NPC) or diode clamped [6], the 

flyingcapacitor(FC)or capacitor clamped [7] and the cascaded 

H-bridge (CHB) [8]. Although the CHB topologies have 

some advantages on application such as modularity and 

simple method of control, we had to increase the dc power 

supply to feed each conversion cell and it resulted in a waste 

of money and increased complexity. Increasing the number 

of levels in the multilevel converter causes the output voltage 

to be higher and it positively affects the power quality. On the 

other hand, it reduces the reliability and performance of the 

converter as the number of switching devices increases.  

Recently, the application of multilevel converters in 

industrial electric vehicles, renewable energy systems, motor 

drives, flexible ac transmission system, and etc have been 

observed [9]. Hybrid-electric vehicles generally have an ac 

voltage source from an alternator or combustion-engine 

generator. Where generated ac voltage is available such as 

from an alternator or ac generator, a back-to-back diode-

clamped converter can convert this source to variable 

frequency ac voltage for the driven motor.  

For electric vehicles (EVs), a cascaded H-bridges 

inverter can be used to drive the traction motor from a set of 

batteries or fuel cells. A rectifier converts this ac voltage to 

dc for the electric energy storage devices on board - batteries 

or ultracapacitors. An inverter converts the dc voltage to a 

variable voltage variable frequency ac in order to drive the 

main traction motor [10]. 

II. PROPOSED TOPOLOGY 

 
Fig. 1: Proposed basic unit of Multilevel Inverter 

The proposed basic unit is shown in Figure 1[11]. The basic 

unit consists of two DC voltage sources, two unidirectional 

power switches from the voltage point of view, and an H-

bridge. By suitable switching of S1, S2, and T1 −T4, the 

proposed basic structure can generate five voltage levels of 0, 

±V1, and ±(V1 +V2)at the output.Table1 [12] shows the 

different values of the output voltage levels based on different 

states of switches . 

In this table, 1 and 0 indicate the on and off states of 

the switches, respectively. As shown in Figure 1, in this 

inverter, the maximum amplitude of the output voltage level 

is equal to V1 +V2. The output voltage of different H-bridges 

are shown by vo,1, vo,2, ... , and vo,n. The output voltage(vo) 

of the proposed cascaded multi-level inverter is written as  

vo = vo,1 +vo,2 +···+vo,n.                                      (1) 

State S1 S2 T1 T2 T3 T4 Vo 

1 0 0 1 0 1 0 0 

 0 0 0 1 0 1  

2 1 0 1 0 0 1 +V1 

3 0 1 1 0 0 1 +(V1 +V2) 

4 1 1 0 1 1 0 -V1 

5 0 0 0 1 1 0 -(V1 +V2) 

Table 1: Magnitude of Output Voltages in the proposed 

Topology 

A. Basic Proposed Algorithm  

For the proposed topology, the number of switches (Nswitch) 

and DC voltage sources (Nsource) are written by the following 

equations [12], respectively: It is possible to introduce a new 

cascaded multi-level inverter by using a series connection of 

k basic units.  

Nswitch = 6k,                                                                     (2) 

Nsource = 2k.                                                                     (3) 

The number of output voltage levels, maximum 

magnitude of the producible output voltage levels, and the 

maximum value of blocked voltage by switches depend on 

the value of DC voltage sources. 



Multi-level Inverter with Reduced Switches for Electrical Vehicle Applications 

 (IJSRD/Vol. 5/Issue 06/2017/298) 

 

 All rights reserved by www.ijsrd.com 2038 

III. COMPARISON OF PROPOSED TOPOLOGY WITH EXISTING 

TOPOLOGY 

 
Fig. 2: NIGBT versus Nlevel 

The proposed inverter requires fewer IGBTs compared with 

other mentioned topologies such as R4 and R5 [1], [12]. 

Similarly comparing with topologies such as R1, R2, R3, R6 

[13]-[14] to generate a particular number of levels as shown 

as red coloured line named as Proposed A2.  

IV. SIMULATION AND EXPERIMENTAL RESULTS 

The proposed structure is simulated using MATLAB 

Simulation. Several modulation strategies have been 

introduced for multilevel converters such as sinusoidal PWM 

[14], [15], space vector PWM (SV-PWM) [16], selective 

harmonic elimination (SHE-PWM) [17], fundamental 

frequency switching [18],and so on. For the presented 

topology, the fundamental frequency switching method has 

been used, as the fundamental frequency switching strategy 

has a slow switching frequency in comparison with other 

strategies. For power converters, the total harmonic distortion 

(THD) is a popular performance index, which evaluates the 

quantity of harmonic contents in the output waveform [19]. 

Therefore, Voh and Vo1 are the rms of the nth-order 

harmonic and fundamental of the output voltage waveform, 

respectively. Moreover, Vorms represents the rms values of 

the output voltage. The magnitude of Vo1 and Vorms can be 

obtained using the following relations [19], respectively 

       (4)  

                      (5) 

where the values of θ1,θ2,...,θ Nlevel are switching angles 

and calculated by the following equation: 

            (6) 

 

 
Fig. 3: Simulation and Experimental results of a 15-level 

submulti-level converter using the proposed topology; (a) 

Experimental output voltage (Time/div =2ms) ; (b) 

Simulation output voltage (THD =3.58%); (c) Experimental 

output current (Time/div = 4 ms). (d) Simulation output 

current and harmonic spectrum (THD =0.9%). 

For all of the studies, tests have been made on the R-

L load with the magnitude of 50 mH and 200 Ω. The value of 

output voltage frequency is 50 Hz. For simulation, 

MATLAB/Simulink software is used. 

V. INTEGRATION WITH PROPOSED CASCADED MULTILEVER 

INVERTER WITH EV MOTOR DRIVE SYSYTEM 

The system configuration of an EV motor drive using the 

cascade inverter. In the motoring mode, power flows from the 

batteries through the cascade inverters to the motor. In the 

charging mode, the cascade converters act as rectifiers, and 

power flows from the charger (ac source) to the batteries. The 

cascade converters can also act as rectifiers to help recover 

the kinetic energy of the vehicle if regenerative braking is 

used. The cascade inverter can also be used in parallel HEV 

configurations [20]-[22]. 

VI. CONCLUSION 

A multilevel cascaded inverter has been proposed for use in 

electric vehicles. Simulation and experimental results have 

shown that with a control strategy that operates the switches 

at the fundamental frequency, these converters have low 

output voltage THD and high efficiency. The proposed 

topology with its different algorithms is compared to various 

kinds of topologies presented in the literature from different 

points of view. Higher efficiency is expected for these 

multilevel converter systems because higher voltages can be 

utilized and the switching frequency of the devices is at a 

minimum [22]. The results show that the proposed topology 

has better performance in relation to others as it uses a fewer 

number of switches. 
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