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ABSTRACT: This Paper gives you a brief idea of the Design and simulation of DC/DC Boost converter operating in
continuous conduction mode using sliding mode controller with PV source. The performance and properties of sliding
mode controller is compared with Proportional Integral Derivative (PID) controller and Proportional Integral (PI)
controller. Simulation results shows that the sliding mode control scheme provides good voltage regulation and is
suitable for boost DC-to-DC conversion purposes. The derived controller/converter system is suitable for any changes
on line voltage and parameters at input keeping load as a constant.
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I.LINTRODUCTION

The switch mode DC-DC converters are some of the simplest circuit which converts power level of DC power
effectively. It has wide application in modern computer, DC motor drive, power system, automotive, aircrafts etc. the
commonly used control methods are pulse width modulation (PWM), voltage mode control, PWM current mode
control with proportional (P), proportional integral (PI), and proportional integral derivative (PID) controller. But this
control method cannot perform satisfactory under large load variation so non liner control technique is in picture. The
dc-dc converters, which are non-linear and time variant system, and do not lend themselves to the application of linear
control theory, can be controlled by means of sliding-mode (SM) control, Which is derived from the variable structure
control system theory (VSCS). Variable structure systems are systems the physical structures of which are changed
during time with respect to the structure control law. Photovoltaics (PVs) are arrays (combination of cells) that contain
a solar voltaic material that converts solar energy into electrical energy. PV cell is a basic device for Photovoltaic
Systems. Such systems include multiple components like mechanical and electrical connections and mountings and
various means of regulating and (if required) modifying the electrical output. In order to extract maximum amount of
power from PV array we have to model converters so that it can track Maximum Power Point (MPP).

I1.LBASIC PRINCIPLE
In a boost regulator the output voltage is greater than the input voltage- the name “boost”. A boost regulator using

apower MOSFET, the circuit operation can be divided into two modes. Mode 1 beings when transistor M1 switched on
at t=0. The input current, which rises, flow through inductor L and transistor Q1.
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Figure 1: Dc-Dc Boost Converter Topology
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Figure 2: Mode 1 and Mode 2 operation of boost converter

Mode2 beings when transistor M1 is switched off at t=t1. The current that was flowing through the transistor would
now flow through L, C, load, and diode Dm. The inductor current falls until transistor M1 is turned on again in next
cycle. The energy stored in inductor L is transferred to the load. The equivalent circuits for the modes of operation are
shown in Fig:3 The waveforms for voltage and currents are shown in fig:5 For load current, assuming that the current
rises or falls linearly.
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Figure 3: Phase Plot for (a) ideal SM Control (b) actual SM control

The basic idea of SM control is to design first a sliding surface in state space and then the second is to design a control
law direct the system state trajectory starting from any arbitrary initial state to reach the sliding surface in finite time,
and finally it should come to a point where the system equilibrium state exists that is in the origin point of the phase
plane. The existence, stability and hitting condition are the three factors for the stability of sliding mode control. SM
control principle is graphically represented in Figure 4, where, represent the sliding surface and x1 and x2 are the
voltage error variable and voltage error dynamics respectively. The sliding line (when it is a two variable SM control
system in two-dimensional plane) divides the phase plane into two regions. Each region is specified with a switching
state and when the trajectory arrives at the system equilibrium point, the system is considered as stable.

111. CONTROL TECHNIQUES FOR BOOST CONVERTER

3.0 Photovoltaic cell: A photovoltaic cell or photoelectric cell is a semiconductor device that converts light to
electrical energy by photovoltaic effect. If the energy of photon of light is greater than the band gap then the electron is
emitted and the flow of electrons creates current.

A PV array consists of several photovoltaic cells in series and parallel connections. Series connections are responsible
for increasing the voltage of the module whereas the parallel connection is responsible for increasing the current in the
array. Typically a solar cell can be modeled by a current source and an inverted diode connected in parallel to it. It has
its own series and parallel resistance. Series resistance is due to hindrance in the path of flow of electrons from n to p
junction and parallel resistance is due to the leakage current.
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Figure 4: Single diode model of a PV cell

In this model we consider a current source (1) along with a diode and series resistance (Rs). The shunt resistance (RSH)
in parallel is very high, has a negligible effect and can be neglected. The output current from the photovoltaic array is

I=ISC_Id

aVa
Id = Io(e KT — 1)
where lo is the reverse saturation current of the diode, q is the electron charge, Vd is the voltage across the diode, K is
Boltzmann constant (1.38 * 10-19 J/K) and T is the junction temperature in Kelvin (K).

4Va
I'=1I5c—1,(ekT —1)

Using suitable approximations,

(V+IR5)
I =Igc —1,(e"\" KT ) — 1)

where, | is the photovoltaic cell current, V is the PV cell voltage, T is the temperature (in Kelvin) and n is the diode
ideality factor In order to model the solar panel accurately.

3.1 Maximum Power Point Tracking :

Maximum Power Point Tracking, frequently referred to as MPPT, is an electronic system that operates the Photovoltaic
(PV) modules in a manner that allows the modules to produce all the power they are capable of. MPPT is not a
mechanical tracking system that “physically moves” the modules to make them point more directly at the sun. MPPT is
a fully electronic system that varies the electrical operating point of the modules so that the modules are able to deliver
maximum available power.

A typical solar panel converts only 30 to 40 percent of the incident solar irradiation into electrical energy. Maximum
power point tracking technique is used to improve the efficiency of the solar panel.

3.2 System Design:

The first step to the design of an SM controller is to develop a state-space description of the converter model in terms
of the desired control variables (i.e., voltage and/or current etc,). Our focus in this paper is the application of SM
control to converters operating in CCM. The controller under study is a second-order proportional integral derivative
(PID) SM voltage controller. Unlike most previously proposed SM voltage controllers, it takes into account an
additional voltage error integral term in the control computation to reduce the steady-state dc error of the practical SM
controlled system.

A second-order PID type of SM voltage controller is adopted. Fig.5 shows the schematic description of the proposed
SMVC hoost converters, where C,L, and I'_ are the capacitance, inductance, and load resistance of the converters,

respectively i.,i.,and i, are the capacitor, inductor, and load currents, respectively;Vret, vi, and Bvo are the reference,
input, and sensed output voltage, respectively; and u = Oor 1is the switching state of power switch S w.
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Figure 5: System modelling of sliding mode controller

lets consider, voltage error be X, rate of change of voltage error be Y & integral of voltage error be Z. Under
continuous conduction mode, derived in can be expressed as,

X=(Vrer — Pvo)

_ v _ B0 _ uVi-vo
y=x=£12 leLdﬂ
Z = ledt

Vref - .BVO
B v0 uVvi—-vo
=11 dt
XBoost = C[ .[ RL ]

RL
eref _:BVO

XBoost = AXpoost + BU
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[ 0
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For this system, it is appropriate to have a general SM control law that adopts a switching function such as,
u=1 When S>0,
u=0 When S<0
1
U=————"T——2-
2(1 +ssign$)
Where S is the instantaneous state variable’s trajectory and is described as,

S=X; +aX, +azXg =JTX
With, JT = [aq  az 3]
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where, ay,0, and o are representing control parameter termed as sliding coefficients. A sliding surface can be obtained

by enforcing, S = 0. Finally, the mapping of the equivalent control function onto the duty ratio control d,

where,0<d=L<1

ramp

gives the following relationship for the control signal V¢ and V., signal , where

a3

) - (&)] ic +LC <a—2) (Veer = BVo) + BVo = V7)

%51
VC = Uequ = _ﬁL [(_

o2
Ve = —Kpiic + KpZ(Vref - ﬁVo) +pWo = V)
o 1 o

Vramp = [;(VO - VL)

IV. SIMULINK MODEL

Figure 7: Simulated block diagram of boost converter using PV cell with MPPT
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V. RESULT AND DISCUSSION
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Figure 8: Simulation result for boost converter using sliding mode controller (a) voltage (b) current.

Figure 9: Simulation result for boost converter using PID controller

Figure 10:simulation result for boost converter using PV cell with MPPT (a) current (b) voltage

VI.CONCLUSION

Maximum power point tracking (MPPT) use for maximum possible power from one or more photovoltaic devices. The
simulation was first run with the switch on no MPPT mode, bypassing the MPPT algorithm block in the circuit. It was
seen that when we do not use an MPPT algorithm, the power obtained at the load side was very low value. Therefore,
the conversion efficiency came out to be very low.

The simulation was then run with the switch on MPPT mode. This included the MPPT block in the circuit and the Pl
controller was fed the Vref as calculated by the P&O algorithm. In this case, however, the power obtained at the load
side was found to be around 350 Watts, thus increasing the conversion efficiency of the photovoltaic system as a
whole.
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