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Abstract
This paper presents a cascaded h-bridge multilevel inverter that can 
be implemented using only a single dc power source and capacitors. 
Standard cascaded multilevel inverter requires n dc sources for 
2n+1 level. Without requiring transformers, the scheme proposed 
here allows the use of a single dc power source with the remaining 
n-1 dc sources being capacitors, which is referred to as hybrid 
cascaded H-bridge Multilevel Inverter (HCMLI) in this paper. 
It is shown that the inverter can simultaneously maintain the dc 
voltage level of the capacitors and choose a fundamental frequency 
switching pattern to produce a nearly sinusoidal output. A triplen 
harmonic is injected into the multilevel converters accompanied 
with the fundamental frequency control signals to reduce the 
required level number of the DC voltages without changing the 
fundamental component of the phase voltage. This paper mainly 
discusses control of seven levels HCMLI with fundamental 
frequency switching control and how its modulation index range 
can be extended using triplen harmonic compensation.

Keywords
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I. Introduction
Power electronic inverters are becoming popular for various 
industrial drives applications. In recent years also high-power and 
medium-voltage drive applications have been installed. Multilevel 
inverters synthesizing a large number of levels have a lot of merits 
such as improved output waveform, a smaller filter size, a lower 
EMI (Electro Magnetic Interference), and other advantages.
The principle advantage of using multilevel inverters is the low 
harmonic distortion obtained due to the multiple voltage levels 
at the output and reduced stresses on the switching devices used. 
Traditionally, each phase of a cascaded multilevel inverter requires 
n dc sources for 2n+1 levels. For many applications, obtaining 
so many separate dc sources may preclude the use of such an 
inverter.
To reduce the number of dc sources required when the cascaded 
H-bridge multilevel inverter is applied to a motor drive, a 
scheme is proposed in this paper that allows the use of a single 
dc source (such as battery or fuel cell) as the first dc source with 
the remaining n − 1 dc sources being capacitors in the cascaded 
H-bridges multilevel inverter, which is referred to as the hybrid 
cascaded H-bridge Multilevel Inverter (HCMLI) [4]. 
The control goal of the HCMLI needs to maintain the balance of 
the dc voltage level of the capacitors while producing a nearly 
sinusoidal three-phase output voltage using a low-switching-
frequency harmonic elimination method. This project mainly 
focuses on how to apply the seven-level fundamental frequency 
harmonic elimination method to HCMLI and extend its modulation 
index range, and presents new findings on HCLMI control other 
than normal cascaded H-bridge multilevel inverters.

II. Hybrid Cascaded Multilevel Inverter

A. Block Diagram
Fig. 1, shows that the cascaded H-bridge multilevel inverter using 
the single DC source, capacitors are used as the dc sources for all 
but the first DC source. The dc source for the first H-bridge (H1) is 
a battery or fuel cell, while the dc source for the second H-bridge 
(H2) is a capacitor. The two H-bridges are serially connected, the 
output of these inverters are given to the load.

Fig. 1: Block Diagram of HCMLI

B. Working Principle of HCMLI
HCMLI using only a single dc source for each phase is promising 
for high-power motor drive applications as it significantly decreases 
the number of required dc power supplies, provides high-quality 
output power due to its high efficiency and low thermal stress as 
it uses a fundamental frequency switching scheme.

Fig. 2: Three Phase Topology of the Multilevel Inverter

To explain, consider a cascaded multilevel inverter with two 
H-bridges as shown in fig. 2. The dc source for the first H-bridge 
(H1) is a battery or fuel cell with an output voltage of Vdc, while 
the dc source for the second H-bridge (H2) is a capacitor whose 
voltage is to be held at Vc . The output voltage of the first H-bridge 
is denoted by v1 and the output of the second H-bridge is denoted 
by v2 so that the output voltage of the cascaded multilevel inverter 
is
V(t) =V1(t) +V2(t)    (1)
By opening and closing the switches of H1 appropriately, the 
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output voltage v1 can be made equal to −Vdc, 0, or Vdc, while 
similarly the output voltage of H2 can be made equal to −Vc, 0, or 
Vc by opening and closing its switches appropriately. Therefore, 
the output voltage of the inverter can have the values −(Vdc + 
Vc ), −Vdc, −(Vdc − Vc ), −Vc, 0, Vc , (Vdc − Vc), Vdc, and (Vdc + 
Vc), which constitute nine possible output levels. To balance the 
capacitor’s voltage, not all the possible voltage levels must be 
used in a cycle. A simple seven-level output voltage case −3Vdc/2, 
−Vdc, −Vdc/2, 0, Vdc/2, Vdc, 3Vdc/2 can be designed, as shown in 
Fig. 3, when the capacitor’s voltage Vc is chosen as Vdc/2. Table 
I shows how a waveform can be generated using the topology of 
Fig.2. Fig.4. shows how the waveform of Fig. 3, is generated if 
for θ1 ≤ θ < θ2, v1 = Vdc and v2 = −Vdc/2 are chosen. Similarly, 
Fig. 5, shows how the waveform of fig. 3, is generated if for one 
measures the capacitor voltage vc and the inverter current i. Then, 
if vc < Vdc/2 and i > 0, one sets v1 = Vdc and v2 = −Vdc/2, and the 
capacitor is being charged.

Fig. 3: Seven-level Equal Step Output-Voltage Waveform

Table 1: Output Voltages for a Seven Level Inverter

Fig. 4: H-bridge Voltages v1 and v2 control for θ1 ≤ θ < θ2, v1 = 
Vdc and v2 = −Vdc /2.

Fig. 5: H-bridge Voltages v1 and v2 Control for θ1 ≤ θ < θ2, v1 = 
0 and v2 = Vdc /2

III. Modulation Control
Generally, traditional PWM control methods and space vector 
PWM methods are applied to multilevel-inverter modulation 
control. These methods will cause extra losses due to high 
switching frequencies. For this reason, low switching frequency 
control methods, such as selective harmonic elimination method 
[1,3], fundamental frequency switching method [3], or active 
harmonic elimination method, can be used for the HCMLI control 
[6]. Here, fundamental frequency method is used.
The Fourier series expansion of the seven-level equal step output 
voltage waveform shown in fig. 3, is 

 (2)                                  
Where n is the harmonic number of the output voltage of the 
multilevel inverter. Ideally, given desired fundamental voltage 
V1, one wants to determine the switching angles θ1, θ2, and θ3 
so that V (ωt) = V1 sin (ωt), and specific higher harmonics of V 
(nωt) are eliminated.
Using (2), this can be formulated as the following equations
cos (θ1) + cos (θ2) + cos (θ3) = m 
cos (5θ1) + cos (5θ2) + cos (5θ3) = 0
cos (7θ1) + cos (7θ2) + cos (7θ3) = 0.  (3)                                                                                        
This is a system of three transcendental equations in the three 
unknown’s θ1, θ2, and θ3.

IV. Modulation Index Extension Control by Injecting 
Triple Harmonics
The key point of the capacitor voltage balance control at high 
modulation index is to increase the charging time and decrease 
the discharging time. To do this, triplen harmonic voltage injection 
method is proposed. The triplen harmonic voltage is a square wave 
with a frequency equal to three times the fundamental frequency 
with amplitude of  Vdc/2. The triplen harmonic shown in fig. 6(b) 
can be represented by

  (4) 

and is injected into the original seven-level output voltage shown 
in fig. 6(a), to obtain an output voltage waveform shown in fig. 
6(c). The triplen harmonic voltages will automatically cancel in 
the line–line voltages of three-phase systems, and will not change 
the fundamental frequency contents [5].                          
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Fig. 6: Output Voltage Waveform with Tharmonic Compensation. 
(a). Original Seven-Level Output Waveform, (b). Final Output 
Waveform

V.   Experimental Results
To experimentally validate the proposed HCMLI with seven 
level equal-step output-voltage-modulation control schemes, a 
prototype three-phase-cascaded H-bridge multilevel inverter has 
been built using MOSFETs as the switching devices.

A. Fundamental Frequency Modulation Control with 
Triple Harmonic Compensation
For voltage balance control using the triplen harmonic compensa-
tion method, stator frequency f = 45 Hz are chosen for the 
experiment. Fig. 8, shows the output phase voltage waveform. 
The phase current waveform is shown in fig. 9, and fig. 10 & 
11, shows the corresponding normalized FFT spectrum of the 
phase current. While decreasing the fundamental frequency we 
can achieve the lower THD value, for the fundamental frequency 
is 50Hz, the output of phase current waveform is shown in fig. 12 
& 13. THD value for 50Hz is 13.05% but in the proposed system 
fundamental frequency is 45Hz then the THD value is 11.00% 
and also we can increase the modulation index.

Fig. 7: Seven Level Output Voltage Waveform for f=45Hz

Fig. 8: Output Voltage Waveform for f=45Hz

Fig. 9: Output Current Waveform for f=45Hz

Fig. 10: Output Current Waveform for f=45Hz

Fig. 11: FFT Analysis of Phase Current for f=45Hz
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Fig. 12: Output Current Waveform for f=50Hz

Fig. 13: FFT Analysis Phase Current for f=50Hz

VI. Conclusion
This paper proposed an HCMLI that uses only one power source 
for each phase while producing desired multilevel voltage 
waveforms. A fundamental frequency switching control algorithm 
was developed, and a triplen harmonic compensation method 
was also developed to extend the modulation index range for 
which the capacitor voltage can be regulated. While decreasing 
the fundamental frequency level from 50Hz to 45Hz, the THD 
id reduced from the 13.05% to 11.00% and also the modulation 
index is increased. Simulation and experiments were performed 
to show the proposed.
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