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ABSTRACT : The most important problem is the efficient conversion of power in the modern world. The
power factor is of the most dynamic characteristics in the AC/DC power conversion. At the present, the increasingly
used rectifier is the boost type three-phase rectifier. A problem of power factor correction for a class of three-phase
boost rectifier is address in this paper. Many schemes and solution are used for power factor correction. But in this
paper, we used the sliding mode controller technique for three-phase boost rectifier for improvement of power factor to
unity. The sliding mode controller determines the output voltages to the desired dc level in the presence of external
disturbance and it modified with pulse width modulation to get the power factor that is unity. It can improve the
power factor to unity and robustness due to change in load and get the regulated dc output voltage. The controlled
converter is simulated and studied for the usefulness of the proposed control algorithms and good reliability is done.
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I.INTRODUCTION

Now a day’s evaluation of growth in the computers, laptops, uninterrupted power supplies (UPS), telecom
equipment has become overpowering hence use of this equipment result high power consumption. The most important
problem is the efficient conversion of power in the modern world. The rectification is the important for electronic
equipment. At the starting diode and phase, control rectifier was used. It is simple and rugged technique but in this
technique power factor cannot be highly improved and output voltage is not controllable to overcome this problem
produced the improve power quality converters called ac/dc converter [3]. At the present, the increasingly used
rectifier is the boost type three-phase rectifier. It is used for various purpose such as battery charger, uninterrupted
power supply (ups), motor drives, etc. The power factor is of the most dynamic characteristics in the AC/DC power
conversion. But there is the problem of power factor correction for class of three-phase ac/dc power converter [4].
Many schemes and solution are used for power factor correction. Three phase AC/DC conversion of electrical power is
widely used in many systems Hence Boost rectifier is used, the boost type rectifier not only give regulated dc voltages
but also support near unity power factor[8]. But there is some problems occurs such as circuit parameters are
expected to be non-constant while the load could vary. So to overcome the drawback of boost rectifier we used
different hardware topology and control methods at output side of boost rectifier to improve the power factor.
Controller algorithm provides for improvement of fast dynamic performance and improves the power quality of
converters. Many controller are used such as Proportional-integral (PI), Fuzzy logic controller, Dynamic evaluation
controller, An adaptive passivity based control, Sliding mode controller [4].

From the above control methods sliding mode controller is used because it has robustness and effectiveness, which
is easily, deals with nonlinear behaviour of boost rectifier also it has low THD and near the unity power factor as
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compared to other controller. Sliding mode controller maintains the stability and gives good performance. Sliding mode
controller is very powerful it can be provided optimal trade-off between the need for increasing the response speed and
reducing the input current distortion and output voltage ripple [13]. But for achieving high power factor and more
correction to unity power, modified the sliding mode controller with pulse width modulation
technique. The Advantages of the pulse width modulation is to achieve the high power factor and fewer harmonic it is
used to regulate dc output voltage.PWM controller can offer good large signal control performance with the fast
dynamic response when applied to boost converter. Hence PWM controller can be used with sliding mode controller
for improve power factor to the unity [6]. The numerical simulation shows the efficiency of the proposed methodology.
The two main objectives are important for design the converters,

1)To keep up power factor close as possible to unity

2)To achieved the stabilized dc output

Both goals have done by sliding mode controller with PWM.

Il. THREE PHASE AC/DC BOOST RECTIFIER

To overcome the diode rectifier and phase control rectifier disadvantages we used the three-phase boost
rectifier for rapid dynamic response and improve power factor. Three-phase AC/DC converter having six switches, used
to obtain improve power factor and Sinusoidal current. The additional series diode will be required for the switches
have bidirectional power flow, such as MOSFET and IGBT. We design a mathematical model for three-phase ac/dc
Boost Converter in conditions of current and voltages [4].
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Fig (a) Three-Phase Boost Rectifier[8]

» Problem Formulation

ol
||
el
AN —
] DC +*

Fig shows the three-phase boost Rectifier used to convert 3 phase AC power into DC power. The boost
rectifier circuit is mainly divided into three parts such as storage element, bidirectional switches and RC filter. The
inductor is used as a storage element it is used for higher order dc voltage that could be obtained by the rectifier. The
IGBT with the anti-parallel diode is used as bidirectional switches and for reducing the output variations RC filters is
used. There are three control signals: U1, U2, and U3, which can take values from the finite set {—1, 1}. For example,
having control U1 = 1 means U1 = —1 and corresponds to the conducting state for the upper switching element T1 and
non-conducting state for the bottom switching element T2. Three controls provide conducting states for three out of six
switching elements at any time moment. The mathematical model which describes the circuit behaviour is given in
scalar format [8].

di, T 1 U,
<= I +3—L(zug1 — Uy —Uys) — 51 @U1— Uy = U3)
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di, r. U 1
— = Il +6—L(2Ug2 — Uy, —Uys) — 37 @Uz — Uy = U3)
dig r. U 1
praais +6—L(2Ug3 — Uy —Uy,) — 3 @Us — Uy~ Uy)
avu, Uy 1 ,. . .
d_to = _ﬁ"'g(hlh + U, +1i3Us)
and in vector format (1)
a__17_% L
dt L 6L AU 3LAU9
)
o _ _Uo . 1 1y
dat RC 2C

Where,

r- Internal (parasitic) phase resistance (introduced as a voltage source internal resistance and impedance of switching
elements in open state);

R -output (load) resistance;

L -phase inductor (assumed to be the same for all phases);

C -output capacitor;

U0 -converter output voltage (available for measurement);

i ={i1,i»,is} ector of input phase currents (available for measurement);

Ug = {Ug1, Ug2, Ug3 }T vector of input (main) voltages(available for measurement);

U ={U1, U2, U3}T vector of controls.

Each Uj is defined on the finite set of values {+1,—1}.

Gain matrix A is defined as
2 -1 -1
A=|-1 2 -1 (3)
-1 -1 2

Assuming the harmonic character of the main voltages Ugj which have different magnitudes but the same frequency
and phase shift of (2n/3) electrical degrees (with respect to each other), vector Ug can be expanded as follows[8]

5 o o] sm(wt)zn
U,=| 0 E, 0 [[Sin(@t+7)|=Exsin (4)
0 0 Esllsin (wt -2

Where
E j is the magnitude of the j™ phase mains voltage.
The control objectives are as follows.
1) The dc component of the output voltage should be equal to some desired constant value Vd while the AC
Portion of the output voltage should be reduced to an acceptable range.
2) Improve the power Factor.
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» Solvability of the Problem

The solvability condition of the problem affects the upper bound of circuit magnification gain. In other words, the
maximal output voltage that can be stabilized by the circuit appears to be a function of main voltage magnitudes and
circuit parameters. The problem solvability condition is to be expressed in terms of the attractive magnitudes of input
phase currents. Such magnitudes should be chosen to provide the dc power balance between the input and output sides
of the converter while maintaining the desirable dc level of the output voltage. This has been performed into[8]
obtaining the following,

E; E: 2 V2
lij= 5= 77 "5 (5)
It is preferred current profile for each phase ,Vd is a preferred voltage level and the condition of Vg in order to keep Iy
real is the following

v <E 3R
¢=" l8r
This corresponds to upper limit for Vd.
Similarly the phase voltage, the desired phase current can be written as
sin(wt)

I, o 07| -
I,=| 0 I, 0 |[sin(wt+)[=p *sin (6)
0 0 lasl|sin (wt —25)
3

Since the desired phase current curve need to be in phase with their corresponding phase voltage curve if the power
factor improves [8].

I11. SLIDING MODE CONTROLLER

Sliding mode control is a nonlinear method of control. It alters the dynamics of any nonlinear system by
application of an irregular control signal. Maintain stability and give consistency performance is done by sliding mode
controller. To drive nonlinear plant’s state trajectory into a pre-specified surface and to keep plant’s state trajectory for
subsequent time are the general function of switching control law. The surface is known as switching surface which
defines rules for proper switching; this surface is known as a sliding surface. There are two paths. Feedback path has
one gain when plant the trajectory is above the surface and a different gain when trajectory is below the surface.
Stabilization, regulation, tracking this type of conventional control method can be obtained by proper design of sliding
surface [13].

» Sliding Mode Controller For Boost Rectifier

The Sliding mode current control technique is implemented for power factor improvement of the boost converter.
The design of an SMC, the input current i had to follow the reference signal di .However, first of all, we have to discuss
the control obstacles to overcome. The control vector U looks in the system equations through the singular gain matrix.
This fact produces to a loss of controllability in the case when U= {1, 1, 1} or U= {1, —1,—1}. At first, we have to
introduce three sliding variablesl o,, 0,,ando; combine them into the vector formato = {,,0,,03}". Every scalar
quantity represents the current tracking error in the equivalent phase [6]. Convergence of all tracing errors is the
responsibility of the controller is provided for the all sliding variable to make zero.. The error is,

Ojij-ig; TOrj=123 (7
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The sliding variable o are supposed to derive zero
o, b — g
[le =1 . b2 — laz 9
93 fo U, + U, +Us)

According to Kirchhoff’s current law, it is not required to track all three phase currents at the similar time. Also,
tracking the third current gives rise a singularity. The third condition evades the unnecessary requirement to track the
third current and is used to claim control symmetry. In the process of controller design, we have to now find the
derivatives of sliding variables along the system trajectory [9].

o i; — igywcos(wt)
[Uzl = i, — igywcos (w + 2?“) =a + BU (10)
NE U, + U, + U,
Where,
—(2E, — B, — E; — 3rlg;) sin(wt) — Iy cos(wt) + Uy
=11 . 2 2 11
a 3—L(2E2 — E, — E; — 3rly,)sin (wt + ?n) — Iy c0s (wt + ?n) + U, (11)
| 0
[—2U) l
6L 6L 6L Ul Uo
=L 20 Ul U=|U, ,UTZG_L(U1+U2+U3) (12)
6L 6L 6L U,
| 1 1

Here is a nonsingular matrix. So U can be decoupled by the following equation.
o*=p"1o
oc*=pta+BLU=F+U

Where,
—2L 1
7 0 3|
gt=|0 2 1 (13)

Uy 3
l& 2L lJ
Ugy Uy 3
The control function become,U; = sing;” j=1,2,3[9].
But the power factor is not improved to unity so we include the PWM controller with sliding mode controller.

» PWM to the Sliding Mode Controller For Boost Rectifier

Pulse Width Modulation (PWM) is the very useful technique for boost rectifier circuit to the improvement of the power
factor. The Main objectives in the control of boost rectifier are to achieve high power factor and minimum harmonic
distortion in the input line current. The advantages of the PWM is to achieve the high power factor and less harmonics
it is used to regulate the dc output voltage.PWM is used by fixing the frequency of its ramp signal , the frequency of the
output switching signal will be constant. In pulse width modulation rectangular pulse wave is used which result in the
variation of the average value of the waveform. Consider a pulse Waveform f(t)with the minimum value y i, a
maximum value y max and a duty cycle D, then the average value of waveform can be given by the expression

Y=2 [ f()dt
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Where Yimaxis 0< t < D.T and Yminispr<t <T
Therefore,

1 DT T .
Y=, YmaxdT + [, YmindT)
=DTYmaxtTA-DVmin - _h T max+(1-D)Y min

T
It Can be simplified putting Y min=0so y=D.y max therefore average value of signal is directly dependant on duty
cycle D [13].Hence Sliding mode is developed using the PWM technique for improving power factor to unity to the
boost rectifier circuit.

IV. SIMULATION RESULT

The simulation shows the various result of three-phase boost rectifier using sliding mode controller with the
PWM technique. Figure (a) shows the simulation of the three-phase AC Input supply given to the boost rectifier circuit.
This figure shows the three-phase AC input Voltage and three-phase AC input current given to the three-phase boost
rectifier circuit.

Three Phase AC Input Voltage
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Figure (a) 3 Phase AC Input Current and 3 Phase AC Input Voltage

Figure (b) shows the simulation result of the inductor current of the three-phase rectifier circuit. Three-phase AC
supply is given to the three-phase boost rectifier circuit and get the DC output current and voltage as shown in figure
(b) and figure (c). The inductor current range is shown in fig (b).

Figure (b) Inductor Current Of the Rectifier

Copyright to JIRSET DOI:10.15680/1JIRSET.2017.0611127 21816


http://www.ijirset.com

ISSN(Online): 2319-8753

]II]{E BT ISSN (Print): 2347-6710

International Journal of Innovative Research in Science,
Engineering and Technology

(A High Impact Factor, Monthly, Peer Reviewed Journal)

Vol. 6,

Visit: www.ijirset.com
Issue 10, October 2017

Figure (c) shows the simulation result of the output voltage of three-phase rectifier. The value of the output voltage
is near about 180 V as shown in the figure. The output voltage of the rectifier is less it is not equal to desirable constant
level hence there is the need to output voltage was boosted to the higher voltage level for improving the power factor.

DC Output Voltage of Recifier
T T

Figure (c) output Voltage of the Rectifier

Figure (d) shows the Simulation result of the output voltage, load current and duty ratio of three -phase boost
rectifier circuit using sliding mode controller. This result shows the output voltage is boosted to the higher voltage level
near about 300 V as shown in figure (d).The rectified output voltage and output current can be control by sliding mode
controller. In this controller, PWM technique is also used. The sliding mode controller modified with pulse width
modulation for controlling the boost rectifier circuit and gets the power factor ne unity. With the help of this modified
controller, the output voltage is boosted and the duty ratio of the current and voltage is nearby 0.1 as shown in the
figure and get the regulated output voltage. Current can be control 10.2 A with the help of SMC with PWM as shown in

figure (d).
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Figure (d) Output Voltage, Load Current and Duty Cycle Using SMC

Figure (e) shows the simulation result of the power factor of the 3 phase boost rectifier circuit using sliding mode
controller technique modified by PWM. As shown in Figure (d) the output voltage and current is control using sliding
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mode controller and the control signal is maintained so the power factor is control. Then the power factor improved
nearby unity by using PWM controller in the sliding mode controller as shown in figure (e).

output power factor using SMC to boost rectifier
I I

| | | | | | | | J
-5 .
[ o1 02 03 0.4 Time In Sec 05 06 o7 08 09 1

Figure (e) Power Factor using SMC to The Boost Rectifier Circuit

With the help of this simulation result various issues that should be clarified such as output voltage was boosted to
the higher voltage level and get regulated dc output voltage, control the current and voltage of rectifier and improve the
power factor up to unity.

V. CONCLUSION

The simulation of sliding mode controller is present in this study. For improvement of power factor and
controlling the three-phase boost rectifier circuit, the sliding mode controller is designed with PWM technique. The
proposed control scheme was shown to be robust with respect to load. The control result in the system improves the
power factor nearby unity and output voltage was boosted to the higher voltage level. The simulation result show the
control technique of sliding mode controller using PWM technique for three-phase boost rectifier model can improve
the power factor to unity and robustness due to change in load and get the regulated dc output voltage.
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