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Abstract

The main purpose of this paper is to design dc- dc boost converters which are required for a multi-level inverter circuit, to boost
the output voltage of photovoltaic module to a suitable value. The output voltage of photo voltaic module is low and also
Sfluctuating in nature. A boost converter is required to get a higher and stabilized dc output voltage. In this paper three voltage
fed-back boost converters are designed and modelled using state space averaging technique (SSA).The output of the converter is
measured and compared with a reference voltage to generate an error signal which is used to vary the duty cycle of the pulse
width modulated signal from the controller with the help of SSA technique. The Simulation studies has been carried out for both
open loop and closed loop with the circuits operating in continuous conduction mode with 27V, 54V, 78V output voltages, by
considering 12V input voltage and 100 kHz switching frequency using matlab/Simulink software. The simulation results establish
that the proposed design is capable to produce constant output voltages for variable input voltage and variable load.

Keywords: DC/DC Boost Converter, State Space Averaging, Photo Voltaic Module, PID Controller.
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1. INTRODUCTION defined as the ratio of ON duration to the switching time
. . . eriod. Based on the energy absorbed and transferred by the
In recent years, dc-dc converters are widely used in switched P . gy L v
. . inductor in the converter, the converter is said to operate in
mode power supplies. These converters are power electronic . . . .
. . two different modes known as continuous and discontinuous
circuits that convert one level dc voltage to a different dc . . . .
g conduction mode. In discontinuous conduction mode, the
voltage level, often providing a regulated output. There are ) . L . Lo
. . current in the inductor is discontinuous which in turn
various dc-dc converter topologies such as buck, boost, . .. . .
. indicates that there is interruption of power transmission to
buck-boost, Cuk converter etc. Of these different converters, . .
. . the load, due to which the stress on the load increases.
only the buck and boost are the basic converter topologies. . .
. . Hence, the boost converters are operated in continuous
The other converters are derived from these two basic . . .
. . conduction mode for better regulation, continuous power
converter topologies. Each converter topology has its own . D
o . . transmission and reliability of the system.
principle of operation, advantages and disadvantages.
L1 1DI‘1I4001
A boost converter is used to step up unregulated dc output Ay " — P + 4
voltage of a PV module to a higher constant output voltage
that is required for multi-level inverter circuits. The design qu J_m gRLOADé‘)VWT
and development of boost converter is mainly concern of its ¢w" D 1S T [
Gatel

efficiency, output power and ease of design. The
photovoltaic module uses boost converter as a medium to ks . . UL
produce the desired power required for successful operation =

. . L . Fig 1.1: Schematic of boost converter
of Multilevel inverter, which in turn converts the signal to

AC and passes to the load. The schematic operation of 2. ANALYSIS AND DESIGN OF BOOST
power transmission is represented in Figure 1.1

CONVERTER IN CONTINUOUS CONDUCTION
Figure 1.1 depicts boost converter. The operation of the MODE
boost converter is mainly controlled by the ON and OFF
duration of the switch. Adjusting the ON and OFF duration The analysis is carried out by examining the inductor

voltage and current over a period of time and also with the

of the switch at constant switching frequency is called pulse - .
following assumptions:

width modulation switching. The switching duty cycle d, is
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a. Steady state conditions exist,

b. The switching period is T, and the switch is closed for
time ton and open for t,

c. The inductor current is continuous,

d. The components used are ideal.

The switch M1 is turned on for a period ¢,, in boost
converter as shown in figure 2.1. The input current flows
through the inductor and switch M1. During this the energy
gets stored in inductor for a period ¢#,,. When the switch M1
is turned off for a period #,; the current that was flowing
through the switch would now flow through inductor L,
diode D, Capacitor C and to the load R as shown in figure
2.2. During t,; period the stored energy in the inductor is
released to the load and due to which the current through the
inductor decreases until the switch is again turned on in the
next cycle. Therefore, this results in an output voltage
always greater than the input voltage.

The figure 2.3 shows the output voltage ¥V, and inductor

current /; waveforms for one period. The expression for
output voltage is given by

Vo = Vin—-———-————-— (D

Where V, is the output voltage, d is duty cycle, and V;, is
input voltage.

D1
L1 1N4001

.. ==C1 RLOAD
C_ Vsource

Fig 2.1, Circuit diagram of boost converter during ¢,

D1
L1 1N4001

L =C1 RLOAD
C_ Vsource

Fig 2.2, Circuit diagram of boost converter during #,

In order to operate the converter in continuous conduction
mode, the inductance is calculated such that the inductor
current /; flows continuously and never fall to zero as shown
in Figure 2.3. Thus, L,,;,is given by

Where L,,;, is the minimum inductance, d is duty cycle, R is
output resistance, and f'is the switching frequency of switch
M]1. Tt is always advised to select the inductance value more
than L,,;,, Hence, for practical purpose the inductance L of
the converter is considered to be with safety factor of 1.25
and is given by

L=125*L————————— 3)
Vi
[
Vin
0
t
Vif‘n = Vnul
[
It [
[
7A\_|7_ _I e
I
0 ] ¢
ton ] tort |
.—.r_.l
T .

Fig 2.3.Boost converter waveforms under continuous
conduction mode

The output capacitance to give the desired output voltage
ripple is given by

d
Cpin=—z————————— 4
min Zer- ( )
Where C,,;, is the minimum capacitance, d is duty cycle, R is
output resistance, f'is switching frequency of switch M1/, and
V,is output voltage ripple factor. V, can be expressed as

2.1 Specifications

The specification of the boost converters is considered based
on the requirement of the output voltage for the 3 stage
multilevel inverter, Figure 2.1.1 depicts that the 3 boost
converters are connected to the individual PV module and
the converters are used to step up the unregulated voltage to
a desired higher level voltage of 27V,54Vand 78V as needed
by the three H bridges Of the multi-level inverters [9] [10].

Volume: 05 Issue: 11 | Nov-2016, Available @ https://ijret.org

126



IJRET: International Journal of Research in Engineering and Technology

eISSN: 2319-1163 | pISSN: 2321-7308

PV module i Boost
" Converterl
h 4
PV module : Boost 3 stage 11- Step-up Load
Converter2 level Inverter Transformer
A A
PV module 4 Boost
Converter3
PIC Micro-
controller
Fig 2.1.1 Block diagram of the power converter
The specifications considered for the boost converters are Average Current (/;):
shown in table 1.
Vs 12
) ) I, = 5= > = 2.96Amps.
Table 1: Specification of the Proposed Boost Converter RA-a)7  20(1-0.55)
(BC) . . o .
Mode BC 1 BC 2 BC3 Slmlllarly,. by performmg the similar calculation for the
specifications provided for boost converter 2 and 3 we get
Output Voltage (Vo) 27v 54v 78v the below values as shown in Table 2.2.1
Switching Frequency 100kHz
Input Voltage (Vin) 12v Table2.2.1 Design values of Boost Cpnverters .
d 20 0h Boost Duty | Inductor(L) | Capacitor(C) | Ipin
RL Loa ms Converter | Ratio | in micro in micro Amps
Voltage Ripple 1% Hendry farad
1 0.555 | 13.92 27.5 2.96
2.2 Design of Inductor, Capacitor and IL Values 2 0.777 | 5.02 38.5 11.34
3 0.846 | 9.10 42.0 23.43

a. Selection of Inductor

Equation (2) is the minimum inductance for boost converter
to operate in continuous conduction mode, therefore the
selection of the inductor should be higher than the calculated
value in Equation (3).

b. Selection of Qutput Capacitor

Equation (4) gives the minimum capacitance for calculating
ripple voltage. By fixing the voltage ripple to 1%, the
capacitance value is chosen.

a. Design for Boost Converter 1(V;, = 12V, V,,~=
27V):

Duty Ratio: The desired duty cycle ratio is calculated as
follows along with other required converter parameters

D =1-:=05555
27

Inductor:

_d(1-d)? , _ 0.55(1-0.55)2

L= — %20 = 11.1375 * 107°H
2f 2+100+10

L=125%L,;,,=13.92*10"°H

Capacitor:
Conin = ——=—25 ____27.5%10°6F

2fVr  2%100%0.1x103

It is very essential to maintain constant output voltage due to
variations of source voltage or load for better regulation
purpose. The open loop system fails to achieve constant
output for the variations of source voltage and load.In order
to produce a constant output voltage, voltage feedback
control system is used. In this control system, output voltage
is measured and compared with a reference voltage and the
differential value is used to produce a pulse width
modulation signal. Any changes in the output voltage will
lead to the changes of duty cycle in pulse width modulation
signal.

Following techniques are widely used to model the DC-DC
converters when the duty cycled is in the range (0.5 <d
<1).[4]

1. State space Averaging technique (SSA)

2. Slope compensation

2.3 State Space Averaging (SSA)

The most widely used modelling method for PWM
converters is SSA. It is a small signal modelling of the
converter.There are 3 basic steps to be followed for SSA
technique

1. Identify the switched models over one switching cycle
2. Identify the state variables of the converter
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3. Perform the state space averaging technique using the
duty cycle as the weighing parameter and combine the
state equations into a single averaged state equation.

The above three steps are carried out based on below
assumptions.

Assumptions: 1) Components are ideal and lossless

2) Continuous conduction mode (CCM)

State variables: 1) Output voltage v,
2) Inductor current i

3) Capacitor voltage v,

4) Input voltage vy,

5) Duty cycle d

Due to ideal assumption, V.= V,. Therefore, one of the
variable can be replaced by the other.

State equations for each interval of operation:

1. Switch S is turned ON

Iz &
e IYYY

_l_
r— hY

Fig 2.3.1 Switch is ON

dip _ . dve _ _ Vo
ac  Vin > ¢ dt = R
2. Switch S is turned OFF
P Z
Y y—
i :
l z IJ
o +
+ v
Tm—__ o = T R % o
B Load

Fig 2.3.2 Switch is OFF

dip _ dvy i Vo
at ~ in ac L

- 170 ; C R
Averaging state equations over a switching cycle:

di,
L = vin— (1= d)vy

dv, ) v,
C I 1-di;— R

Introducing perturbation in state variables such that-

il=IL+ilsvin=Vin+]7in5U0=V0+ﬁ()9d=D+d~

d(l, +i :

LM=VL. + P — (1 =D — d)v,
dt

d(V, + ¥ i V, + 7

¢ 20 + %) °)=(1—D—d)(IL+il)—° -

dt

Equate ac and dc quantities and proceed with ac equations
(neglect second order ac quantities)

di, ~ .
LE= Uiy — (1 —=D)0, +V,.d
7, .
Cdt°=(1—D)iL—ILd—E°

Take Laplace transform

SLIL(S) = Uin(5) — (1 = D)o (5) + V,d(s)

SCT(s) = (1 = DYy (s) = ,d(s) — "2
Or

(sC+)B,(s) = (1 = D)y (s) — 1, d(s)

Prepare matrix-Small signal model:
Arranging in symmetrical sequence:
SLTL(s) + (1 = DT, () = Tin (5) + Vo d(s)

(1 = D)iy(s) = (sCH) () = 1,d(s)

In matrix form:

L 1-D -
o (e ED)= [+ [oacs
. L 1=D -1
1= i-b ety [l
sL 1-p 71 1
*li-p _(sc+%) (o) #n®

Inverse matrix can be calculated and the converter transfer
functions can be obtained by solving matrix simply.
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Control-to-output transfer function

Do(s) (A —=D)V,—(LI)s
d(s) ~ (LO)s?+ £s+(1-D)?

After getting the transfer function of the converter, the
calculated values of inductor and capacitor from the above
design, specification values from table 2 for all the three
boost converters are substituted in the transfer function. The
obtained transfer function for each boost converter is fed
into the SISO design tool command in the
MATLAB/Simulinkin order to analyze the type of
compensator required for the system by adding real pole or
real zero in order to make the system stable. The obtained
gain values as shown in Table 2.2.2

Table 2.2.2 K, K; K,Using PID tuning in Matlab SISO tool

Command
Boost Boost Boost
converter 1 converter 2 converter 3
K, 0 0 0
K 11.76 3.22396 1
Ky 0 0 0

From the Gain values obtained in Table 2, the feedback
controller design for the Boost converter is carried out.

Design of Closed Loop Boost Converter

The feedback controller design is carried out from the gain
values obtained from the simulated results. The controller
circuit consists of Voltage divider network, “Differential
Amplifier (Error Amplifier)” and Integral Amplifier.

a. Voltage Divider Circuit:The Voltage divider circuit
shown in Figure 3.1.1, at the load is used to get the
desired voltage level for the input of the Differential
amplifier.

Vt — VoutRZ

Fig 3.1.1 Voltage Divider

b. Differential Amplifier (Error-Amp):By connecting one
voltage signal to one input terminal and another voltage

signal to the other input terminal the resultant output
voltage will be proportional to the "Difference" between
the two input signals of Vjand V.., and this type of
circuit shown in Figure 3.1.2, can be used as a
Subtracter and commonly known as a Differential
Amplifier.

RE
AT
i
|
=" e
Wref R4

Fig 3.1.2 Differentiator

The transfer function for a Differential Amplifier circuit is
given as:

Rs Rs R
Verr = =g Vet [1+ R_] [R R ]Vref
3 3 4 6

When R3 = R4 and R5= R6 the transfer function formula
can be modified to the following:

- R_I(Vref - Vt)

c. Integral Amplifier:If the purely Resistive (Ry) feedback
element of an inverting amplifier is changed to a
Frequency dependent Impedance (such as a Capacitor,
C), an RC Network across the operational amplifier
known as integrator.

——

Fig 3.1.3 Integral Amplifier

The transfer function for an integral Amplifier circuit shown
in Figure 3.1.3, is given as:
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The gain Ki is given by

Vint
V:arr

Kl'z

Knowing the value of Ki from Table 2 and Assuming the
Value of R7, The value of C, can be calculated.

The differential amplifier subtracts the output voltage and
the reference voltage and the error value is fed to the input
of Integrator. The integrator amplifies the input signal and
the output of the integrator is fed to the PWM. The Circuit
diagram of the closed loop Boost converter is shown in the
below figure 3.1.4

D1

8] 1N4001
Bl
Ll

E M1
vin HMOS_D
Gatel

4||—

Gate]

COMPARATOR 7

Fig 3.1.4, Circuit of Boost converter with Feedback

The control strategy for voltage feedback compares the
output voltage with the desired value and the result is sent to
the controller to generate the PWM signal required for
switching device. If the error value is zero, then the PWM
signal remains constant and if the error value is positive then

Pulse
Generator

——a O
Series RLC Branch

A
ﬂ_ Mosfet zga}>
— DC Volege Sowce
=

the output voltage is greater than the desired voltage. Hence
the controller reduces the duty cycle of the PWM signal. On
the other hand, if the error value is negative then the output
voltage is lesser than the desired voltage, then the controller
increases the duty cycle of the PWM signal. Figure 3.1.5
shows the flow chart of the control strategy.

| Outpul puls¢ (PWM) -

!

Read feedback value, Voy

L | Eeduce duty cyele Inerease duty eyele =

Fig 3.1.5, Control flow chart.

I
I Scope

el ]

Display

4. SIMULATION CIRCUITS

Fig 4.1, Boost Converter without feedback
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The figure 4.1 represents the boost converter without
feedback, with fixed input and load variable output voltage
can be obtained by varying the duty ratio d of the Mosfet.
The boost converter without feedback is uncontrollable and
lags to obtain constant output voltage for variable input
source or variable load. In order to obtain a constant output
voltage for variable input source or variable load, a feedback
controller is designed and represented in the figure 4.2

5. SIMULATION RESULTS

Based on the proposed design, Matlab/simulink software is
used to simulate the boost converter’s performance. The
simulation results of the boost converter with different
values of input voltage and duty cycle are shown with
respect to both mode of operation without feedback and with
feedback.

5.1 Open Loop (Without Feedback) Waveforms

RS
T T

Fig 5.1, Boost converter waveform without feedback
for duty cycle d = 0.55andVy, = 27v

Dot Dot voliage
Or Rafenerre ynibags

Fig 4.2, Boost Converter with feedback

Fig 5.2, Boost converter waveform without feedback for
duty cycle d =0.77 and Vo, = 54v

I
" Ilr»_

Fig 5.5, Bogst corllvertéf an‘eforn; witﬁlc)ut feédbalc'k for
duty cycle d =0.8416 and V= 78v
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5.2 Closed Loop (With Feedback) Waveforms

Sy i

Fig 5.4‘,- Boost converter waveform with feedbabk for output
voltage (27V), output current with d=0.55.

o
T T T o T T

L L i i L L L

Fig 5.5,‘Boost converter waveform with feedback for output
voltage (54V), output currentwith d= 0.77.

B

Fig 5.6, Boost converter waveform with feedbackfor output.
voltage (78V), output current with d=0.8416.

From the simulation results, the proposed converter is
capable of providing a constant DC output voltage. The
transient response does exists for a few milliseconds before
settles to a steady state.

5.1 Comparison of Results for Variation of Input
Voltage and Load With Respect To Open Loop and
Closed Loop

The simulated results are obtained for two boost converter
with fixed and variable input voltage and also with fixed and
variable load and are presented in the following section.

a. Boost Converter 1(Vo =27V)

VARIAELE RL LOAD (+ 2) ,RL
FROM S50HM TO S00HM WITH
FIXED VIN = 12V VOUT = 27V

= il

it ==

f—s—m-g-g-E--E--d=i-f g E-E- -4

VARIABLE VIN (+- 5) , VIN FROM 8V
TO 16V WITH FIXED RL LOAD =
100HMS ,VOUT = 27V

—4—Vo_Open —M—Vo_dosed

8 85 9 9.51010.51111.51212.51313.51414.51515.516
VIN

b. Boost Converter 2(Vo = 54V)

VARIABLE RL LOAD (+- 3) ,RL
FROM 50HM TO 50VOHM WITH

FIXED VIN = 12V , VOUT = 54V

—4—Vo_open ——Vo_Closed

a_ A&

5 & 11 14 17 20 23 26 29 322 35 38 41 44 47 50

RLLOAD
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VARIABLE VIN (+- 5) , VIN FROM 8V

TO 16V WITH FIXED RL LOAD =
100HMS , VOUT = 54V

——\Vo_open —B—Vao_closed

"

60
a1
Qa0

8 85 9 9.51010.51111,51212.51313.51414.51515.51¢0

Vil

¢. Boost Converter 3(Vo = 78V)

FROM 50HM TO 500HM WITH
FIXED VIN = 12V AND VOUT = 78V

VARIABLE RL LOAD (+- 3) ,RL

—4—\o_openloon  ——Vo_close loop

79
g8 I=i=t=l::

5 8 11 14 17 20 23 26 29 32 35 38 41 44 47 50
RLLOAD

VARIABLE VIN (+- 5) , VIN FROM 8V
TO 16V WITH FIXED RL LOAD =
100HMS , VOUT = 78V

—&#—Vo_openloop —E—Vo_closed loop

100 M

I WW
50

8 #5 9 95 101051111.51212.51313.5141451515.516
VIN

YouT

6. CONCLUSION

In this paper design and analysis of Boost converter as
needed for integrating the PV module to multilevel inverter
is carried out with and without feedback. The boost
converter without feedback is unable to produce constant
output voltage with either variable source or variable load.
The above limitation scan overcome with the help of a
closed loop Integral controller. The simulation studies
carried out and the results obtained are compared with
respect to closed loop and open loop. The results show that
closed loop control produces better stabilized output
voltages under different operating conditions than open loop
control.
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