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Abstract: As the requirement of power increases, it is required to increase the generation on demand. Now a days, solar PV and
wind are increasingly used for generation. The power collected from these energy source need to be converted using DC-Dc or
AC- Dc converters. The main converter used is Boost converter for step up this voltage. These sources are variable by nature, so
problem arises is to maintain constant required output in all conditions.

Boost converter converts the input voltage into higher value of voltage but as per the input is received. This issue can be resolved
by using sliding mode control of the converter. There are many theories to implement this technology with converter but the
problem arises when the inductance and capacitance changes as load varies. The proposed work is to resolve this problem by
using sliding mode controller with modified values of parameters and beta factor for precise values using feedback, close loop
system. The input source is taken as DC source voltage at variable conditions. The modelling done in MATLAB/Simulink
software.

Index Terms: Solar PV, Wind, Boost Converter, slide mode controller

I. BOOST CONVERTER
For example, applications for boost converter operations are DC Motor's rebounding breaking circuit and regulated DC power
supply. In this type of converter, the output voltage is always greater than the input voltage. Therefore, the speed-up converter can
be applied to the MPPT system where the output voltage should exceed the input voltage. Such as in the systems connected to the
grid, where the boost converter holds a high output voltage, even if the PV array voltage falls at lower prices. Circuit topology of
step-up converter as shown in Fig. 1 [1-3]
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Fig.1. Equivalent Circuit of Boost Converter

—1_Ya
D=1-74 1)
_ VaD
T 21 2)
_ IoD
T AVofs )

When the converter is working on the state of stable-state, then the duty ratio can be expressed by D, equation (1). Where D is the
ratio of the voltages called duty ratio, and they indicate the output volts of input and converter output, respectively. From the above
equation, it can be seen that, the increase in the duty ratio will increase the value of the voltage in the output of D, besides that, the
change in duty ratio results in changes in current and output of the converter driven converter operated in continuous conduction
mode. The filter inductor and capacitor can be calculated by following the equations.
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Fig.2. Triggering Pattern for Boost Converter Pulses

Designing Boost Converter made in MATLAB. This includes the inductor (L), input DC voltage, MOSFET, diode, capacitor and load
resistance. Table 1 shows the basic parameters taken for analysis and designing.

Table.1. Parameters for Boost converters
Input Voltage (V) L-R (mH-Ohm) Load R(Ohm) R-C(mOhm-pF)
200 300-0.14 240 69-2300

Il. SLIDE MODE CONTROLLING OF BOOST CONVERTER
Technically, this controller has a time-separate state-response imbalance control law, in which due to the current situation of state
variables in state, switching from one continuous structure to another is possible with high frequency. Its purpose is to control the
system's mobility to follow the desired and predetermined.
Sliding mode has been applied to current controller technology to boost converter. Fig 3 represents the basic circuit diagram of the
boost converter controlled by the sliding mode controller. This control plan for boost converter starts with selecting the sliding

surface. At present, the continuous growth results in direct surfaceVo ref almost zero. By the voltage error, the external
voltage loop reference produces the current. The existence of stability criteria and sliding mode can be achieved by controlling the
output voltage of the AC-DC converter. The inductor is currently controlled by the internal current loop through the sliding mode
technology. Current SMC is used for regulation, due to which voltage loop high frequency switching and reference is currently
highly sensitive to uncertainties. Therefore, the sliding surface is for better performance; [4-8]

S - a1x1 + azxz + aBX3 (4)
where @1, and®2%3 are the control parameters, generally stated as sliding coefficients and x; , x, and x; are called as the desired

state feedback variables which are to be controlled.
PR 4

X1 = lper — g
Xy = Vref — Bv,

Xn = x; + x,)dt
3 f(1 2) -
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Fig. 3. Boost PFC Converter operated by Sliding Mode Controller
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SM For the operation, there are three necessary conditions, the condition of the kill, survival and stability. The result of the control
function to kill the situation;

1="0ON' when S > 0
u= {0 =" OFF’ when S <0
unchanged otherwise (6)
Considering the continuous conduction of boost converter and by time differentiation, from equation 6, the system dynamic model is;
[, _ dlirer — ig'] _ PK . vy~ U,
! dt T Tl
Xy = [ref ﬁvo]___ﬁl.
2 dt c*c
. . LI
[xB = X1t X = (lref — 1y )+ (Vref = Bv,)
= (K + D[Vrer — Bvo] — iy 7)
Where u= 1 - u, is considered as inverse logic of u.
B = @k + apxs + agxs =0
By solving the equation at ~— 171 272 373 ™ " the equivalent control signal would be;
K, v, Ky K;
Upg =1 — —i,— =+ —|V, v,| — —1'
eq v, c v, V, [ ref — ﬁ o] v, ] (8)

Where, K1 and K2 are the fixed gain parameters.

a
K, = —3L(K+1)
IBL a;
<K, = — —=
Ky = F K+ 2D
a
Ky= =1
! ©)

Ueq = (0,1) And it can be represented in terms of the controlled state variable like as;

KZT__ v + K3[ ref — ﬁvo] Ks(iref_ i’g)

Kzl g~ Vo (10)

Ueg =1—

From the sliding surface 10, the controller is driven and is executed through a PWM, comparing Ueq = d (duty ratio of the PWM
controller). The control law equation is described as in fig.3, involving;

{a control signal ve = GsKi[Vyer — BVs| — GsKzic — GsK3i'y + Gs[v, — vg]

aramp Vramp = GsVo (11)
The factor G, = (0,1), is introduced purposefully to down scale the equation to a practical level of magnitude. To make the duty
ratio of the output of the controller always below 1, a multiplier is incorporated for the multiplication of w,,,,,and uc .. By a logic
AND operator the impulse generator creates u, ;. Based on equation 11, the controller is designed with assuming 8 = G..

The control law and the sliding gain coefficients should be designed in such to fulfill the stability condition. This is to make sure that
the trajectory is directed by the desired sliding manifold and always towards a stable equilibrium point.

I1l. SIMULATION AND RESULTS
This section will explain the modelling and design of proposed work. Modelling includes the mathematical calculations and
modifications of system and designing gives the description representation of circuit designed in MATLAB/ Simulink. The
proposed work represents the working and control of boost converter with modified slide mode controller, when the parameters set
on different conditions. Proposed system is to give required output at all variable conditions.

©IJRASET (UGC Approved Journal): All Rights are Reserved 2140




International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor :6.887
Volume 6 Issue I, January 2018- Available at www.ijraset.com

o *D

YL A L » N e
"
Inductor

Current1 Diode1

| <

A, n
” Load
Capacitort o
MOSFET1 T :
9]

? T T Capacitor
‘ ‘ O
Fig.4. MATLAB model for Boost Converter

Mode of operation of Boost converter slide mode controller

In the proposed work, the sliding mode controller works for different conditions of Boost Converter as listed below:
Boosting mode 200 to 350 V

Booting mode 240V to 400 V

A. Boost Mode Of Slide Mode Controller For 200 To 350 V
In this mode of operation, slide mode controller controls the output to 350 V as the input DC power is 200 V. As shown in fig.5,

MATAB model designed and the parameter for the same are:

Table.2. Parameters for Boost converters

S.NO PARAMETER RATING
1 Source Voltage(V) 200
2 Output voltage(V) 350
3 L-R (mH-Ohm) 300-0.14
4 R-C(mOhm-puF) 69-2300
5 Load R(Ohm) 240
6 Betal 1/35
7 Beta 1/3.5
8 Reference Voltage(v) 100
9 Kp: 0.12
10 Kp, 2.7

Fig. 5. Slide mode control of Boost Converter at 200 V to 350 V
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Input and output current of Boost converter at 200 V to 350 V.
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Fig.6. Input and output current of Boost converter at 200 V to 350 V

Fig.6 shows the current input and output waveforms for sliding mode controller of Boost converter when input DC is 200 V and
required output is 350 V. as there is requirement of voltage step up and to maintain constant output, therefore the output current
received is decreased. The input current is 1.326 A and output received is 1.458 A.

Input and output voltage of Boost converter at 200 Vto 350 V
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Fig.7 Input and output voltage of Boost converter at 200 V to 350 V

Fig 7 shows the voltage input and output waveforms for sliding mode controller of Boost converter when input DC is 200 V and
required output is 350 V. input voltage is 200 V and output gain is 350V. the output is constant to 350 V approx..

B. Boost Mode Of Slide Mode Controller For 240 To 400 V
In this mode of operation, slide mode controller controls the output to 400 V as the input DC power is 240 V. As shown in fig.8,
MATAB model designed and the parameter for the same are:

Table.4.2. Parameters for Boost converters

S.NO PARAMETER RATING
1 Source Voltage(V) 240
2 Output voltage(V) 400
3 L-R (mH-Ohm) 300-0.14
4 R-C(mOhm-puF) 69-2300
5 Load R(Ohm) 240
6 Betal 1/4
7 Beta 1/4
8 Reference Voltage(v) 100
9 Kp: 0.12
10 Kp, 2.7

©IJRASET (UGC Approved Journal): All Rights are Reserved




International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor :6.887
Volume 6 Issue I, January 2018- Available at www.ijraset.com

Continuous
%

2 —— AW e e N s

v
W

240
400.1
I
2.403
" 1.667|
Fig. 8. Slide mode control of Boost Converter at 240 V to 400 V
Input and output current of Boost converter at 240 V to 400 V
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Fig.9. Input and output current of Boost converter at 240 V to 400 V
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Fig.9 shows the current input and output waveforms for sliding mode controller of Boost converter when input DC is 240 V and
required output is 400 V. as there is requirement of voltage step up and to maintain constant output , therefore the output current
received is decreased. The input current is 2.403 A and output received is 1.6667 A.

Input and output voltage of Boost converter at 240 V to 400 V
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Fig.10. Input and output voltage of Boost converter at 240 V to 400 V

Fig 10 shows the voltage input and output waveforms for sliding mode controller of Boost converter when input DC is 240 V and
required output is 400 V. input voltage is 240 V and output gain is 400.1 V.

11l. CONCLUSION
The proposed system is slide mode controller for Boost converter using variable parameter and beta gain function. The analysis is
performed on two different conditions of input 200 V and 240 V at required output of 350V and 400 V. a closed loop system is
designed in MATLAB and output voltage and current are measured. The output waveforms describes that the system works more
efficient at higher voltage rating and as a property of converter current output decreases. In both the conditions the output is
maintained constant and as per feedback gain (beta) it gives controlled gate signals to MOSFET.
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