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Abstract - Standalone power systems play a vital role in developing remote units for various networks. These units
require high negative DC supply voltages. One such converter known as Negative Output Superlift Luo Converter
(NOSLC) is discussed in this paper. NOSLC is a high gain converter whose output increases in geometric progression.
These DC-DC converters produce a lot of non-linearities due to its component characteristics while operating in the
open loop mode. To meet the load demands and to overcome the non-linearities, a suitable controller should be
implemented. This control approach is made feasible in this paper by integrating fuzzy technique with Sliding Mode
Controller (SMC) known as FSMC. The proposed controller overcomes the phenomenon of chattering, reduces the
settling time and provides good dynamic response compared to the classical SMC. Simulation studies are carried out
in MATLAB/SIMULINK. The performance of fuzzy, sliding mode and FSMC are compared for NOSLC. A prototype
of NOSL.C with the proposed controller is implemented and the simulation results are verified experimentally.

Index Terms: NOSLC; fuzzy controller ; sliding mode controller; fuzzy sliding mode controller

I. INTRODUCTION

This Switched mode power converters for industries
require high efficiency and high conversion gain to handle
large input current and sustain high output voltage stress.
Various topologies of high gain converters are discussed
in the literature. [1]. But this paper focuses on a Negative
Output Superlift Luo Converter (NOSLC) as it provides
high-voltage transfer gain, high power density, high
efficiency and

reduced ripple voltage and current. But the main problem
with the DC-DC converters is that their output varies
against variation in the supply and load side.

In order to meet the load demands and also the
non-linearities produced due to the circuit characteristics,
a proper controller should be designed. Conventional
controllers like P, PI, and PID play a significant role but
supports only linear systems [2]. Therefore, the
significance of non-linearity is overcome with the
introduction of sliding mode controller [3]. But again
SMC introduces noise and suffers from switching
frequency variations. So, a fuzzified SMC (FSMC) is
proposed in this paper which reduces the unwanted noise
with its intelligentrule framing approach, provides better
stability and faster dynamic response. The performance of
the FSMC is compared with the conventional fuzzy and
SMC. The proposed FSMC iimplemented in PIC
microcontroller for NOSLC and the output is stabilized

against load variation which gives better start-up
behaviour and provides robustness to disturbances. The
simulation results are verified practically.

The modelling of NOSLC is explained in
section-11 with its equations. The fuzzy control of NOSLC
is discussed in section- Il and the SMC control is
depicted in section 1VV.The drawback of fuzzy and SMC is
overcome by the FSMC technique which is explained in
section-V followed by hardware implementation in
section-VI and conclusion in section VII.

1. OPERATION OF NOSLC

The output voltage of NOSLC increases in
progressive range.i.e.ten to hundred times the input
voltage. [4]The conversion gain is high with reduced
output voltage ripple and also produces a boosted
negative output voltage which plays a significant role in
various sectors. The circuit diagram of the NOSLC is
shown in Fig.1.The circuit consists of a MOSFET switch
S1, Inductor L1, Diodes D1, D2, Capacitors C1, C2 and
load resistance R. Equation(l) shows the geometric
progression rise of the output voltage with ‘n’
representing the level of rise. Further lift of the voltages
can be obtained by increasing the value of ‘n’ to 2, 3 and
S0 on.
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The voltage transfer gain is,
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The variation ratio of inductor current iL] is,
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There are two modes of operation in NOSLC.

¢ 2)

Mode- | is the switch on and mode Il is the switch off
mode. During mode I, the switch S1 is turned on and the
current flows through the inductor L1 and capacitor C1
gets charged. The capacitor C1 charges faster than
inductor thus forward biasing the diode D1.Thus charge
gets stored in inductor L1 and capacitor C1. The load
current is maintained constant by the discharging
capacitor C2.
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Fig. 1 .Circuit diagram of NOSLC

The energy stored in the capacitor C2 during the previous
cycle is transferred to the load.During mode-11, the switch
S1 is turned off. When the switch is open, the energy
stored in the inductor L1 and the capacitor C1 gets
transferred to the load. With this a high boosted output
voltage is obtained across the load and therefore NOSLC
is referred as high gain converter.

A.CONTROLLERS FOR NOSLC

High gain DC-DC converters are employed for battery
charging, solar PV systems, fuel cells and
telecommunication sectors.But these converters under
open loop condition exhibit poor load and line regulation.
Moreover, the dynamic response

of the converter will be sluggish. To improve the above
mentioned parameters and characteristics, this paper

+
<

O

discusses the three types of nonlinear controller namely,
fuzzy logic controller, sliding mode controller and fuzzy
sliding mode controller. These feedback controllers are
designed and implemented for the negative output Luo
converter.The proposed non-linear controllers are
reported to give an excellent transient and steady-state
response [5].In this paper, more emphasis is given to the
dynamic parameters of the system like rise time, settling
time, peak overshoot and steady state error. The
performance of the proposed nonlinear controllers is
compared and their results are verified.

I11. DESIGN OF FUZZY CONTROL OF NOSLC

This section deals with the fuzzy logic controller (FLC)
for NOSLC. The fuzzy non-linear controller is designed
based on the expert understanding [6-7] which portrays
the rule frame of fuzzy structure and its results.

Fig 2 shows the fuzzy control of NOSLC.The output
voltage of NOSLC is measured and compared with the
reference signal. The error and change in error is given as
an input to the fuzzy control block and the variation in the
duty ratio is measured. This duty ratio is predicted with
the rules framed as depicted in the table
1.The rule calculation is as follows.

Error (e) = Vief —Vo (3)
Here the range lies between -1 and 1.
NOSLC
FUZZY CONTROLLER
A BBl
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Fig. 2 Schematic of Fuzzy with NOSLC

Change in error (Ce) = ek —ek—1 4)

The range for Ce and change in duty ratio dk lies between -1
and 1.

If e is NL (negative large), i.e., ek =-1 and Ce is NS(negative
small}ie., Ce=-0.5 then ek—1 =-05
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Since the error is increased when compared with the
previous error, the duty cycle should be large enough so,
dk = NL (negative large).This is how the rule table is
formed as shown in table I.

Fig.3 represents the simulink model of fuzzy
controller implemented for NOSLC. [8] The output
voltage is measured and compared with the reference
thereby generating error which is given as one of the input
to the fuzzy block and change in error is predicted which
is given as the other input to the fuzzy block. The output
obtained is the desired duty ratio. Fig 4 shows the error
(e) and change in error (de) given to FLC mamdani block.
Fig 5 shows the membership values that lie between the
range -1 and 1 which is depicted with the framed table
values. Fig 6 shows the fuzzy waveforms of NOSLC. For
an input of 12V, it shows an output of -36V and the
voltage across the capacitor C1 is found to be -11V. Fig 7
shows the surface plot of fuzzy function showing the
relation between input and output.

TABLE I. RULE TABLE FOR FUZZY

CONTROLLERS
el Ae NL NS Z Ps PL
Duty ratio
NL NL NL NL NS ZE
NS INL NL NS ZE PS
z NL NS ZE PL PS
PsS NS ZE PS PL PL
PL ZE PS PL PL PL
=BT ]
Lt
!
2 :

Fig 3. Fuzzy control of NOSLC

IV.DESIGN OF SLIDING MODE CONTROL OF
NOSLC

The objective of the SMC based NOSLC system is to
make the passive components follow their reference
values.So,the capacitor voltage and the inductor current is
measured and compared with its reference and the error is
multiplied with their respective gains to attain the duty
ratio of the switching pulse. Thus the regulation of the
output voltage is obtained with the variation in the duty
ratio.

A sliding surface equation in the state space can
be expressed by a linear combination of state-variable
errors can be given by [9-10].

S=0{.Ve Vo) =Kig + K6, + Ky 9

€ =Ip — 1
&y = Vi —Verpgr 6)
& =Veo — Voo,

Where coefficientsX; ¥; and Kjare proper gains, £gis the
feedback current error, £and £ 1s the feedback voltage error.
By substituting (6) in (5) we get,

S =(in.Ve.Ve) = Ky (i, —ipyref)+ Ky (Ve —Veyref)+  (7)
K, (Ve, —Ve,ref)

‘S’ decides the switching state as on and off. The
summation of the parameter values of inductor and
capacitor is taken and compared with the comparator to
generate the switching pulse which is highly predicted by
‘S’
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Fig. 4 Error and change in error to fuzzy
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Fig 5. Membership values of fuzzy control block

Sliding mode control is obtained by means of the
following feedback control strategy, which relates to the
status of the switch with the value of S (x).[11].

]’O Tor S(x) =

¥ T 1. ferS(x) =0 (®)

Fig 8 depicts the simulink model of sliding mode control
for NOSLC. The generation of duty ratio is obtained by
sensing the current and voltage parameters of
NOSLC.Thus the regulation of the output voltage is
obtained with the generated duty ratio.

Fig 9 shows the waveforms of sliding mode control. The
output voltage is shown as -36V and rise time is found to
be 0.0009s and the peak and settling time is found to be
0.0025s.Though it is same as that of fuzzy control, it
offers a good dynamic control. The effect of chattering is
maximum and so the fuzzy SMC is implemented. [12].

V. FUZZY SLIDING MODE CONTROL OF NOSLC

In order to overcome the phenomena of chattering that
exists in SMC, a fuzzy SMC has been proposed in this
paper. [13- 14]. Fuzzy is an intelligent approach for
uncertain systems. It is also a type of variable structure
control. To bring a robust control, SMC parameters are
fuzzified and the control logic is implemented. This again
brings a reduction in the chattering and instability in the
output. Here the FSMC can be explained with the concept
of fuzzyfying SMC parameters using a stability approach.
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Fig 6 Fuzzy waveforms of NOSLC

It defines a sliding surface ‘S’ and the reach of the surface
is highly obtained with the rule frame technique in fuzzy.
The rule frame logic brings a control in the duty ratio ‘D’
of the switching pulse of the converter thereby
maintaining steady state output.The FSMC satisfies the
condition of lyapnov

stability which is given by

S*dS<0 9)

Where dS is the derivative of S.The duty cycle increase
and decrease is obtained only by S and dS. The inductor
current and the capacitor voltage is measured and
compared with its references to generate the errors £1 and
&2 .The sliding surface equation is formed only with the
generated errors which is given below.

S=kl &l +k2 &2 (10)

Where k1 and k2 are the respective error gains. This
slidings urface and its derivative acts as an input to the
fuzzy block thereby generating the required duty ratio for
the converter. Thus the fuzzy rule table Il forms the
controlled duty ratio for the converter.

Fig 8. Slldmg mode control of NOSL
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TABLE Il. RULE TABLE FOR FSMC

e /Ae Z ‘ PS ‘ PL

Duty Duty ratio

ratio

NL NL NS ZE
NS N$ 7ZE Ps
z ZE PL PS
P§ PS PL PL
PL PL PL PL|

These control signals are assigned with five values as
negative big, negative small, zero, and positive big,
positive small. With respect to error, change in error to
the fuzzy block, one of the control signals gives the
desired duty ratio thereby maintaining the output to a
steady state value. Fig 10 depicts the FSMC control of
NOSLC in Simulink. It shows that the inductor current
and the capacitor voltage is sensed and matched with the
reference values by multiplying with the respective gains
.These values are again fuzzified and compared with the
repeating sequence to generate the required switching
pulse of the converter. This helps in regulating the output
voltage. The waveforms of fuzzy sliding mode control of
NOSLC is shown in the Fig.11.1t shows a good dynamic
control with its response settling at a faster rate of
0.0015s.and the chattering is highly reduced in the
integrated approach compared to fuzzy and sliding mode
control.

Fucry contrgller

Fig 10. Fuzzy sliding mode control of NOSLC
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Fig 11. Waveforms of FSMC of NOSLC
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Fig 12 represents the analysis of the output waveforms
of all

VI. HARDWARE IMPLEMENTATION

This section deals with the hardware implementation of
FSMC of NOSLC.Here the FSMC is digitally
implemented using a microcontroller PIC 16F877A.
Initially for a load of 330Q as shown in fig 13, the output
voltage is measured and the duty ratio is found to be
0.7.Again for a load change to 2.2K Q, the output voltage
is measured and the change in duty ratio is found to be
0.2.Thus the stabilized output voltage of - 36.5V is

All Rights Reserved © 2017 IJEREEE 92



#+IFERP

conmecting engineers... develaping research

ISSN (Online) 2395-2717

International Journal of Engineering Research in Electrical and Electronic
Engineering (IJEREEE)
Vol 3, Issue 7, July 2017

brought through the FSMC control with a change in duty
ratio for varying load conditions.

TABLE IIl. COMPARATIVE ANALYSIS OF
CONTROLLERS FOR NOSLC

Closed loop control

Open Fuzzy SMC F5M

Parameters loop c

a1fewat £

Output voltage(V) -36 -355 355 | -355
Peak overshoot(V) -185 255 2| -155
Rise time(s) 0.0003 0.00045 | 00009 | 0.000
3
Peak time(s) 0.0005 0.00056 | 00025 | 0.000
5
Settling time(s) 0.003 0002 | 00025 | 0.001
5

Fig 13.NOSLC with an output of - 36.5V

VII. CONCLUSION

This paper has discussed the three different types of
controllers namely fuzzy, SMC and FSMC for NOSLC
and has shown that FSMC to be one of the suitable one
for a better dynamic response. Moreover, from the results,
it is obvious that the FSMC produced less chattering with
a desirable overshoot in its output compared to fuzzy and
conventional SMC technique. With the proposed FSMC
applied to NOSLC, a prototype has been successfully
developed and tested
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