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Abstract: nowadays days, solar, wind and PV are regularly
used for increases power as per necessity and generation.
The power received from energy source required to be
converted using AC- DC or DC-DC converters. The main
converter used is Boost converter for step up this voltage.
These sources are adjustable by nature, thus problem arises
is to maintain constant required output in all conditions.
Boost converter converts the low value of input voltage into
higher value of output voltage as per the input is received.
This problem of gaining constant output under variable
conditions can be solved by using sliding mode control of
the converter. There are many schemes to implement this
technology with converter but the problem arises when the
capacitance and inductance parameters changes as load
varies. In proposed work is to resolve this problem whit the
help of competitive analysis of Slide Mode controlled
compared with PID controller in terms of transient
characteristics, load and other parameters variations, these
controllers are modeled and evaluated by MATLAB
simulations. The input source is taken as DC source voltage
at variable conditions. The modeling is done in
MATLAB/Simulink software.

Keywords: DC/DC boost converter, SMC controller, PID
controller.

I. INTRODUCTION
Switched mode DC-DC converters are electronic circuits
which convert a voltage from one level to a higher or a lower
one. They are more and more used in some electronic devices
such as DC-drive systems, electric vehicles, smart grids, and
distributed power supply systems. In modern years, DC-DC
power converters must use in a number of applications like
generation of energy through solar and wind system. The
power composed from these sources is converted with help of
AC-DC and DC-DC converters but energy gained from these
sources are flexible in nature, so that to maintain continuous
production from and get desired output voltage several
controlled converters are used. Switching type dc-dc
converters are commonly used and one the best power
electronic circuits that convert unregulated electrical voltage
from one level into regulated desired other level electrical
voltage by switching technique and the eliminate the
unfettered output issue can be solved via the converter's
sliding mode control. There are many schemes to contrivance
this technique with the converter, but then the difficult arises
when fluctuations in the form of installation and capacitance
and the load varies. The benefit of converters in the
electricity system is to regulate the parameters giving to
difference in load & maintains the essential creation voltage.
for controlling the output voltage of the converter we can use

to control the semiconductor device duty cycle. The idea of
proposed work by the controlling method to control the duty
cycle according to the variance in the several parameters of
the structure by using sliding mode control. The parameter
considered for control is voltage. A unique method has to be
ready to control the duty-cycle of converter and increase
system effectiveness for every parameter.

In this paper, performance of Slide Mode controlled DC-DC
buck converter system is compared with PID feedback
controller in terms of load and other parameters variations,
these controllers are modeled and evaluated by MATLAB
simulations. The planned control algorithm sustains the
strength of predictable SMC against parameter disconcertion.
In accumulation to this, the switching frequency variation
during supply and load voltage deviations are remove over
the usage of pulse width modulation(PWM) strategy. Here In
after, section 2 deals with the theory of DC-DC buck
converter. Section 3 explains the detail of controller design
methodology. Section 4 presents the simulation results &
brief discussion of the similar. Section 5 shows the
conclusions.

Il. BOOST CONVERTER
A boost convertor is a power convertor which convert small
value of input voltage to higher value of output voltage.It’s a
category of switch mode power supply containing a
minimum of 2 semi- conductors switches (a diode and a
transistor) and a minimum of one energy storage part.
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Fig.1. Schematic diagram of boost converter

A basic configuration of boost converter has controlled
power transistor a Diode (D), switch (S), an inductor (L), a
capacitor (C) and a load (R).
assume the converter is operating in continuous conduction
mode as shown in Fig. 2 when switch is on input voltage (V;)
appears across inductor L. due to which change in
inductor current Al: over time t is given by:-
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Fig.2 Circuit diagram of Boost Converter

When the on state end the increase in inductor current during
on time is
1 pDT DT,
ﬂkm=[L Vidt= TV (D)
Where D is duty cycle, it signifies how much of the duration
of the conversion for the duration of which the switch is
turned on. So, the D ranges from 0 to 1. When switch is off
the load has inductor current across it which is shown in
Fig.2 considering zero voltage drop across D, Maintains
Capacitor great for its voltage to remain constant. The
inductor current is

. = g Al
V-V, =1 e (3)
So, in switch Off-period the inductor current I} varied to

Vi=Vo) Vi=Veo)(a-DoT

Al o = Jpr° —= dt = ; (@

Hence, the inductor current should be same at the beginning
and ending of the commutation cycle therefore the overall
change the current is zero:

"lII.on +‘IJILfo=0 (5)

Substituting Al ... and Al: .+ from (2) and (4) in (5). This
can be written as:

Vi

1

1-D ... (6)
(6) Give the relation between output voltage and duty cycle
So it is clear that for control the output voltage through the
duty cycle (D when it changes from 0 to 1 the output
voltage is directly related to the duty cycle.

Vo

I1l. CONTROLLER DESIGN METHODOLOGY

The main aim of control in DC-DC boost convert to control
the output dc-voltage (VO) t given reference value (Vref).
One main concern in this process is that control must be
accepted out in the existence of input voltage deviations and
load disturbances. Conventional controller sliding mode
control is proposed to regulate the output voltage VO of the
converter.

ISSN (Online): 2347 - 4718

a) Proportional-integral-derivative controller

In industry for controlling the system commonly used
Proportional-integral-derivative controller (PID) it is a
feedback control loop mechanism. A PID controller is
perfect the error among a measured and wanted variable set
point, Shown in Fig.3 PID Controller control contains 3
different parameters; integral, Proportional and derived value
controls the response to the current error, the integral bounds
the response created on the sum of latest errors and controls
the response to the derived rate at which the error is varying.
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Fig.3 Control circuit of PID Controller.

b) Sliding mode controller

The sliding mode voltage controller is especially helpful,
because of its easy implementation and high performance.
the fundamental concept of sliding mode (SM) controller
includes designing a sliding surface within the state space
and a control law which can direct the system trajectory into
the sliding surface . A sliding surface is predefined surface in
the state space region. The control law is designed to steer
the system trajectory in the sliding surface and also to ensure
that the sliding mode starts at a finite time. The motion of the
system on a discontinuity surface is called sliding mode. To
design a Slide mode controlled converter assume that the
Output voltage is control variable and the state variable of
full order slide mode controller which are to be controlled
can be expressed by variables x.

1 Vrer — Bvo
o, 1] (1N d(Vees—Bvo
= BZ] i -
X3

S (Veer — Bvo)dt

(D

Where X1, X2,and X3 gpe the voltage error, rate of change
of voltage error, and integral of voltage error. Vi.r Is
reference voltage, Bv. is sensed output voltage, B is the
gain/proportion of the sensed output voltage and
M O S FET M1 isthe control switch.
in this system, a general Sliding mode control rule that use
the control input or switching functionu can be written as,
@ =(1 t\'hen5>0) .. (8)
0 whenS<0
Here, S is the instantaneous state variable trajectory. It can

be represented as

S=a;x;+a:x:+a3xz=}?x e (9)
Where a., a~ and a~ are control parameters known as
sliding coefficients.
For the SMVC boost converter, the derivations are as
illustrated.
Equating § = ITAx + I"Bu..= 0 gives the equivalent
control function
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Where e~ is continuous and 0 <es < 1. Sinceu=1-1, =3 D —
this also implies.
the equivalent control function is mapped onto the duty ratio (]
control, where T — = '
‘ D — e S

0cd=—t-<1 3 == _ ]

VYramp , gives the following relationships for .-m:-.m }
ramp and the control signal V.. Messrneat Block

_ _ Fig. 5 Simulink Diagram for Boost Converter with SM
Where Signal ¥ is controller at 200V to 400 V
V. = toq = —BL X (ﬁ = ) io— 2= (V. BV,) + a) DC — DC boost converter with 200v input

a3z A C L)

Fig 6 to Fig 9 Shows the experimental voltage and current

V,-V . .
Vo = W) an waveform for the period of steady-state operation for the
The calculation of the control signal (11) can be done ﬁooitvc?tnvergerz(\;\giy nPd“:; air:d dSI I?e 't\/l\lo?te Co?trf(;l()e{/ with
using modest summing utilities and gain. The parameters of putvoltage 1s d esired output voitage Is )
these circuit can be simply calculated by known values of, o —m
and proper selections of al, a2 and a3. al —=|

-

B
T

IV. SIMULATION AND RESULT ANALYSIS

This section explain design and modelling of DC/DC boost
converter with controller.Modelling is based on mathematical
calculations and designing and modifications of system
provides the circuit design representation in MATLAB/
Simulink. This work show control and working of DC/DC
boost converter with PID controller and slide mode ,

controller, when the factors fixed on different conditions. ¢t R R R B BT R B & 4
Proposed system is give the output at all different conditions. Fig.6 Input Voltage from Boost converter
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Fig.8 Output Voltage from Boost converter
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Fig.9 Output Current from Boost converter ——
Table.l
Comparison between Output responses of PID controller, SM :
controller
SMC 3" 1
Parameter PID |
Output Voltage 4009V 3999V 1
O“l]}“t Cwrrent 167 A 1.666 A Fig.12 Output Voltage from Boost ;onvener operating at 480 ohm load
Load Risistmcrdd)
I
s 3.460 |
Settling Time 12.508 milliseconds -
milliseconds
Table I shows the data analysis of DC/DC boost )
converter at 200 volt input. 7
b) DC — DC boost converter with different load resistance B
Fig.10 and 13 represents the output waveform for voltage and ;
current in Boost converter Using PID and SM controller
operating at load resistance 120Q2 and 480Q2 mode here the
boosting mode is from 200 V to 400 V. ‘ , |
L o 13 i pic) .r':r;” iE Py e e
Fig.13 Output Current from Boost converter operating at 480
ohm load.
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Table.ll
Comparison between Output responses of PID controller, SM
controller by varying Load

Outpu | Outpu Settling
Contro Load t t Time
ller : Voltag | Cwmire
e nt
333 A 3.489 ms
Slide | 120 @ 393'6
Mode
Contro 400.1 083 A 3.440 ms
ller 480 Q v
J30A 11.984 ms
396.1
PID 120 Q Y
(‘]'i“'T“ 083 A 12.162 ms
et 480 Q | 401V

Table IT shows the data analysis of DC/DC boost converter
at 120 ohm and 480 ohm resistive load.

V. CONCLUSION

This research shows the analysis between the two controllers.
Proportional Integral derivative (PID) and sliding mode
controller. Designed controllers are feeding resistive load and
analysis the result of integrated converter with different
conditions and controllers attained zero steady state error. .
The proposed work is carried out by two different conditions
first is when the operating mode is for 200 V to 400 V and
another is operating at load resistance 120Q and 480Q.a
system is designed in MATLAB and measure the increase
time, overshoot and settling time from the graphical response
of voltage which is achieved from the MATLAB simulation.
The several comparative simulation output waveform
between two controller shows that the system works more
effective at higher voltage rating & decrease the output
current. Compare the result of PID and Slide mode Controller
in case of stability Slide mode Controller is more accurate
and time is less as compare to PID. The data analysis shows
in table all specific results with Sliding mode controller
compared to PID controller.
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