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Department of Electrical and Electronics Engineering, Vels Institute of Science, Technology & Advanced Studies, Chennai,
Indiia

This paper mainly focuses on identifying an optimum controller for Multi Level Inverter
Based Switched Mode Power Supply (MLIBSMPS) for constant voltage applications.
Generally, there is a greater demand of constant voltage for the sensitive loads. A closed
loop control is introduced in the circuit in order to obtain constant voltage quickly if there
are any disturbances occur at the input side. In this paper, closed loop Proportional
Integral (PI) as well as Proportional Resonant (PR) controlled MLI based SMPS systems
are simulated and the comparison of their performance is done. It is seen that an
acceptable performance is achieved using PR controlled MLI based SMPS than Pl
Controlled MLI based SMPS. It also proves that PR Controlled SMPS with 7 level inverters
has reduced steady state error and improved time domain response as compared to Pl
Controlled SMPS.

Keywords: multi level inverter based switched mode power supply (MLIBSMPS), proportional integral controller
(PIC), dynamic response, proportional resonant controller (PRC), steady state error

INTRODUCTION

Switching converters are in greater demand after the evolution of semiconductor technology.
Nowadays, Switched Mode Power Supply (SMPS) with greater efficiency can be designed easily
with lesser weight and cost effective. SMPS has also become increasingly popular due to its greater
efficiency in distributing power to electronic device (Guo et al., 2010). In SMPS, fly back topology
is mostly preferred due of its simple design, low cost, and greater efficiency compared to other
topologies (Halder, 2014a). This fly back converter is used in applications where the load requires
to be separated from mains supply. In addition to the good input/output isolation, the fly back
converter uses lesser magnetic and semiconductor components that makes it a perfect converter
for low- cost power supply applications (Halder, 2014b; Deepa et al., 2015). This converter steps up
as well as steps down the input voltage retaining the similar polarity and ground reference for the
input as well as output. MOSFET is used as a switching device whose turn-on and turn-off time is
less when compared with other switching devices (Law et al., 2017). Switching devices with higher
power handling capacity and switching speeds are readily available in the market. In this paper, fly
back converter is cascaded which involves connecting multiple converters in parallel thus operating
these converters at a phase shift of 360°/n (n = number of converter modules). Due to cascading,
the effective switching frequency can be increased “n” times which in turn high frequency harmonic
components can be filtered easily. This cascaded fly back converter reduces the current ripple at
both the input as well as output side. The main advantages of cascading are the reduction of cost and
size of power filtering components and improved dynamic load performance (Sahu et al., 2016). A7
level Multi Level Inverter (MLI) is used which is appropriate for high- power and medium voltage
operation. In addition to greater power quality, MLI has better electromagnetic interference and
lesser switching losses (Dogra and Pal, 2014). This multilevel inverter generates stepped voltage
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output with the help of numerous dc voltage sources produced
by the fly back converter. Practically, it is impossible to expect
the load and input voltage to remain constant. Variations in load
and input voltages will affect the output voltage which is not
desirable (Chandran and Jothi, 2013). To overcome the above
drawback, a closed-loop configuration is used wherein a part of
the output is fed back to the switch which suitably corrects the
duty ratio to maintain the output voltage constant (Sasikala and
Krishnakumar, 2019). The PI and PR controllers are used in the
feedback path to change the converter duty cycle which in turn
the output voltage is regulated (Alzate and Posada, 2017). This
works also evaluates the dynamic response and transient behavior
of the systems.

BRIEF LITERATURE SURVEY

Isolated Switched-Mode Power Supply was presented by Reshma
et al. A new idea in the design of switched mode energy
conversion is given on the account of its intense simplicity,
flexibility and performance. It has the capacity to replace a
few conventional electric power processing techniques presently
in use (Reshma et al, 2016). Multilevel power conversion
system was presented by Babaei (2008). It emphasizes the use
of multilevel inverters with less number of switches. Various
topologies are discussed for utility and drive applications. Based
on switching frequency and voltage sustaining capability, the
selection of power devices has been investigated (Ebrahimi et al.,
2012). Alishah et al. (2015) introduces the multilevel converters
for the utility of renewable energy systems. Benefits of multilevel
inverters such as improved power quality, simple design, and
little switching stress along with the suitability for medium to
high power applications are discussed.

MLI is used for power conversion and the reduction of
load harmonics. As there is a greater demand in industry,
conventional two level- inverter can be replaced with MLI. MLI
has gained attention as it has low electromagnetic interference,
high efficiency, and low switching frequency applications (Anjali
etal., 2018).

A new topology with fewer bidirectional switches and power
diodes count is compared against the other topology (Ludois
et al, 2010). This paper presents a novel topology for the
symmetrical multilevel inverter using a multi-output fly back
converter but the bidirectional switches and gate driver circuits’
count is very high (Noman et al., 2016; Sangeetha et al., 2016).
This topology uses a single DC source which can be from
renewable energy sources or energy storage devices (Ajami et al.,
2014). The DC input is given to the multiple output fly back
converter. The fly back converter’s output is fed to the multilevel
inverter to produce a seven level output. This structure needs a
few switch counts in contrast with the conventional type of MLI
(Xiao et al., 2015; Shankar et al., 2017; Lodh et al., 2018).

The modern controller usage in closed loop SMPS is totally
fascinating. Various controllers like adaptive controllers, Sliding
Mode controllers and Lyapunov based techniques are used for
controlling the voltage in typical DC-DC converters (Salimi
et al, 2015). In any case, switching power supplies (fly back
and push-pull converter) haven’t been researched unequivocally
utilizing non-linear control draws near.

Likewise in mechanical switch mode power supplies, the
change in load and line can be noticed under different operational
conditions which lead to instability of the ordinary closed loop
controller. Contrasted with other modern controllers, fly back
control supply is utilized broadly in applications where low as
well as medium power is sufficient (Kalirasu, 2017).

RESEARCH GAP

The above papers do not report the use of MLI for Switched Mode
Power Supply (SMPS) and also the comparison of Proportional
Integral (PI) and Proportional Resonant (PR) controlled SMPS
is not dealt with. This work proposes MLI for SMPS and also
compares the dynamic behavior of Proportional Integral (PI) and
Proportional Resonant (PR) controlled SMPS.

BASIC EQUATIONS

The Basic equation for calculating the output of the fly back
converter is given by,

Vo = {Dx(N2/N1)*Vi}/(1 — D) (1)

where
Vi = Input Voltage
Vo = Output Voltage
D = duty cycle
N2/N1 = transformer turns ratio
The Number of turns in the transformer is given as

N1 = V1 /kxqxf (2)
N2 = V2 /kxqxf 3)

where k = 4.4

q = maximum flux in the core

f = frequency in Hz

V1 and V; are the RMF values of induced EMF in the primary
and secondary winding, respectively.

The peak primary current (ip) is dependent on the input
voltage Vi, the primary inductance L, and the on time of
the switch,

ip = (Vikton)/Lp 4)

The average power delivered to the load,
Pyy = (Lpsdy)/2T

where
L, = primary inductance if the transformer
T = switching period
Efficiency of the converter

e=VyI,/ViL (5)

The PI controller is used in industrial application as it is simple
and easy to design and effective. This controller removes all
the unwanted oscillations and steady state error. The transfer-
function of a PI controller takes the form of
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FIGURE 1 | MLIBSMPS block diagram with PI controller in two loop mode.
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FIGURE 2 | MLIBSMPS block diagram with PR controller in two loop mode.
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FIGURE 3 | Simulation diagram of MLIBSMPS with PI controller in two loop mode.
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Cpi(s) =K1 + Ky /s (6)

where

K; = proportional constant

K, = Integral constant
The model of PR was established from fractional-differentiation.
The PR controller introduces an infinite gain at a particular
resonant frequency to remove steady state error at that particular
frequency. The PR response is better than that of the PI controlled
system. The transfer-function of a PR controller takes the form of

s1 7 Ss

Ss I Ss <
. |

21 |

= —C2
S7r Se r

FIGURE 4 | Circuit diagram of 7-level inverter.

Cer(s) = Ky + Kow/(s* + w?) ™)

SYSTEM DESCRIPTION

The fly back SMPS consists of a diode bridge rectifier with
a capacitor filter, high frequency switching device, a fly back
transformer followed by the output rectifier and filter. In
Figure 1, proposed closed loop MLIBSMPS system is shown
where a multilevel inverter is introduced between the rectifier and
the fly back converter. The fly back converter is also cascaded
to reduce the current ripple at both the input as well as output
side. At the output side a cascade filter is introduced which
reduces the output current ripple. The fly back SMPS is operated
in both voltage control mode (outer loop) as well as current
control mode (inner loop). In Figure 1, PI controllers are used
for both Voltage control mode as well as current control mode.
In Figure 2, PI controllers are replaced with PR controllers and
the output voltage, current, and power is measured. Here, the
dynamic performance of the both the controllers is compared. In
both modes, the output voltage is evaluated with reference yield
voltage to provide the error signal. The obtained current signal
is again related with reference current to get PWM signal for fly
back converter. This error signal is coursed by the PI as well as
PR to sustain the output voltage constant and diminish the steady
state errors. The main ease of these two control modes are simple
design, easy control and good voltage regulation.
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FIGURE 5 | Input voltage of MLIBSMPS.
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SIMULATION RESULTS

The results of MLIBSMPS with PI and PR controller in
closed loop configurations are discussed simultaneously with the
simulation diagram and along with their results.

MLIBSMPS With PI Controller in Closed

Loop Configuration
The simulation diagram of MLIBSMPS circuit with PI Controller
(PIC) in two loop mode is shown in Figure 3 and the circuit

diagram of 7-level inverter is given in Figure 4. A sine wave input
of 250V is given to the two loop PI controller and a disturbance
is created at 0.7 s at the input side which is shown in Figure 5.
The voltage across rectifier is obtained as 210 V. Transformer
primary and secondary voltage of MLIBSMPS are obtained as
200 and 100V, respectively, in Figure 6. Voltage across R-load
with two loop PIC is shown as 90V in Figure 7. It is observed
that the output voltage reaches its peak at 1.30s and settles at
1.38 s. Current through R-load with two loop PIC is shown 1.9 A
in Figure 8. It is observed that the output current reaches its
peak at 1.29 s and settles at 1.39 s.
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FIGURE 12 | Output power of MLIBSMPS with PIC and Output power of MLIBSMPS with PRC.
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TABLE 1 | Summary of time domain parameters (Voltage) with PIC and PRC.

TABLE 3 | Pl and PR controller parameters.

Controller T (s) Ty () Ts (s) Ess (V) Controller Kp Ki Kr
PI-PI 0.76 1.30 1.38 1.3 PIC 0.18 0.9 -
PR-PR 0.74 0.84 1.14 0.8 PRC 0.3 - 0.9

TABLE 2 | Summary of time domain parameters (Current) with PIC and PRC.

Controller T: (s) Tp (s) Ts (s) Ess (V)
PI-PI 0.77 1.29 1.39 0.7
PR-PR 0.75 0.82 1.13 0.4

MLIBSMPS With PR Controller in Closed

Loop Configuration
The simulation diagram of MLIBSMPS circuit with PR Controller
(PRC) in two loop mode is given in Figure 9. A sine wave input

of 250 V is given to the two loop PR controller and a disturbance
is created at 0.7 s at the input side. The voltage across rectifier is
obtained as 210 V. Transformer primary and secondary voltage of
MLIBSMPS are obtained as 200 and 100 V, respectively, which are
similar to the one shown in Figure 6. Voltage across R-load with
two loop PRC is shown as 90 V in Figure 10. It is observed that
the output voltage reaches its peak at 0.84 s and settles at 1.14s.
Current through R-load with two loop PRC is shown 1.9 A in
Figure 11. It is observed that the output current reaches its peak
at 0.82 s and settles at 1.13 s. The output power with two loop PIC
and PRC is shown in Figure 12 and its value is 200 W.
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FIGURE 13 | Hardware structure of CFSMPS.

FIGURE 15 | Output voltage and Output current of CFSMPS.
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The evaluation of time domain parameters (Voltage) with PI
and PR controller is given in Table 1. It is observed that with PR
controller, there is a reduction of rise-time from 0.76 to 0.74 s, the
peak time from 1.30 to 0.84 s, the settling-time from 1.38 to 1.14 s
and the steady state error from 1.3 to 0.8 V.

The evaluation of time domain parameters (Current) with PI
and PR controller is given in Table 1. It is observed that with PR

controller, there is a reduction of rise- time from 0.77 to 0.75s,
the peak time from 1.29 to 0.82s, the settling-time from 1.39 to
1.13 s and the steady state error from 0.7 to 0.4 V.

It is observed from Tables1, 2 that the obtained time
domain parameter values in PR controllers are reduced when
compared to PI Controllers. Hence, it is proved that the dynamic
response of the system is improved in PR Controllers than
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TABLE 4 | List of components used for hardware of CFSMPS.

Name Rating

C 1000E-03, 4.70E-05, 2.20E-03, 3.30E-11
Diode 1000V, 3A

L 10uH

MOSFET (IR840) 600V, 8A

R 1K, 100K, 22K

Regulator 7812, 7805

IC IR2110

P.1.C controller P.1.C16F84A

TABLE 5 | Simulation and hardware values of CFSMPS.

S.no Simulation Hardware
Vin 230V 230V
Vo oV 86V

fs 1KHz 1KHz
Po 160W 152 W

PI Controllers. The parameter used for PI and PR controllers
is shown in Table 3. These values are used in the simulation of
PIC and PRC.

EXPERIMENTAL RESULTS

To demonstrate the practical possibility of the proposed
converter, hardware of Cascaded Flyback SMPS (CFSMPS) is
fabricated and tested in the laboratory. The hardware of CFSMPS
has rectifier, transformer, flyback converter, and control circuit
modules. Hardware snapshot is given in Figure 13. The input
voltage is given to the Cascaded Flyback SMPS. The Switching
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