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Abstract
This paper deals with the operation of the seplgratecited dc-drive in each of the four quadrantsch is fed by symmetrical multi
pulse modulated signal, leads to improved powelityulay using single-phase, dual AC-DC buck congertHere the armature
control of the dc drive with constant load torgaeconsidered in both forward and reverse directiortie motoring and generating
actions. When a variable load condition occurltiael voltage get changed, simultaneously othempaters such as torque, speed at
load side and voltage, current profiles at sourde get affected. Due to which there is lot of aiison in the sending end
parameters. To overcome these drawbacks the eslseatiables are analyzed by feeding these vasablek to the converter
switches, which regulates the output voltage, fedseparately excited DC-Drive, which indicates trat the ac interface the
harmonic profile of the separately excited dc dfiee by the improved power quality dual convergerachieved using closed loop

system.

Keywords: AC-DC Buck Converter, Power Quality, Closed Loop, Pl Controller, Symmetrical Multipulse
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1. INTRODUCTION

The Four-Quadrant DC-Drive operation is extensivély
practice. Due to increased use of improved powalitguDual
AC-DC Buck Converter in a closed loop operation eglk
compulsory investigation of the DC- drive when feg the
converter. In this paper From the Power Qualitynpofif view
the four-quadrant DC-drive fed by dual buck corneerin
closed loop operation is studied. In the armatuoatrol
method of a DC drive at variable load conditionsdssidered
in both the forward and
Performance characteristics of the proposed clokegh
system in all the quadrants are compared withithglesphase
open loop dual buck converter fed four-quadrant @ve.
The simulation results focus that the performantaysis of
the closed loop separately excited DC drive hagebet
Dynamic response, better stability, improved vadtamofile,
improved power factor and also reduced harmoniodiens.

The pulse modulation technique adopted in the pwego
system uses equidistant pulses for every half cyle to
obtain the response which can be continuously dakg
changing the duty cycled) of the equidistant pulses. The
Block Diagram of Proposed closed loop four quadi26:
Drive is shown in Fig: 1 which comprises of singlease step

reverse modes of operation.

up transformer fed - dual AC-DC Buck Converter,oerr
detector for comparison of voltages, PI controlterreducing
steady state errors, Comparator for generatingt#f gulses to
Converter switches, the armature winding Al A2, tbé
separately excited DC drive are fed to the sepa@tource.

The implemented technigque expels the interest tisvaine
performance investigation of the drive as it issleesmplex in
implementing.
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Fig: 1 Block Diagram of closed loop four quadrant DC-[@riv
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2. IDENTIFICATION OF PROBLEM

The problem of power quality in electrical systeimgeneral
is of great importance. Now a day’'s constant load’'tcbe
maintained properly on drives, due to the changdbe load
on the DC-drive, the voltage and current profiles Heeen
drooped. Due to these load variations the speettieorive
droops from its constant speed at constant loadliton
simultaneously the load torque changes, total haitno
distortion (THD) increases, power factor, systerab#ity
decreases, and thus power quality cannot be magtai
properly. Thus in this paper we are concerned alpouter
quality of four quadrant DC-drive as main objectivéhout
increase in the total harmonic distortion (THD).

3. AIMSAND OBJECTIVES

In this paper a feasible solution for the improvetnaf power
quality in a DC-drive using symmetrical Multipulse
modulation (SMM) technique is developed in closedpl
system using MATLAB-SIMULINK.

This System overcomes many of the drawbacks in the

conventional system.

» Improvement in the dynamic response of the system.

» Constant load voltage can be maintained at variklisle
conditions

» Pure Sinusoidal (ripple free) voltage profile cae b
maintained at the source terminals.

» Ripples in Current profile at the source terminzs be
reduced better than the conventional system.

» Close to unity power factory can be achieved irs thi
closed loop system.

» Easy and less time consuming for control.

» Qualitative & constant power can be supplied toltiael.

4. TOPLOGY OF CONVENTIONAL SYSTEM

The circuit shown below (Fig:2) Comprises of twetssof
devices(Set | and Set Il), each set compriseswf {GBT and
diode in series(two quadrant switches) which coutss a
dual buck converter. The four 2QSWs of set | agl1D1,
M2D2, M3D3, M4D4, and those of set Il are — M1'D1’,
M2'D2’, M3'D3’, M4’'D4’. From the conventional convéer
topology it is clear that the two sets of 2QSW¢d thare are
four combinations of two 2QSWs in inverse-parallelthe
dual buck converter. Each of the inverse-parath@nection of
2QSWs constitutes of four-quadrant switches (4QS¥Mh
provides control for turn-on and turn-off of curteand
voltage blocking in forward and reverse directions.

Fig: 2 Conventional single-phase, dual ac-dc buck cdave
fed four-quadrant, armature controlled, separaetited dc
machine drive

In the Conventional system, operation of the duatkb
converter in both the forward and reverse direction
corresponding a DC-drive in both the motoring ardegating
actions are determined by the conditioning of thétching
states of the IGBT’s and are show in the below &abl

Tablel: Switching States Of 2QSWs In The Dual Buck

Converter
Converter
Operatrio | Qua | SET-I SET-2
n d
/Mode (Q)
Rectificat | | SMM switching| OFF
ion for a pattern
(Motorin SMM
0)] " OFF switching for a
pattern
displaced by
180°
SMM  switching
Inversion for a pattern
(Generati | 11 displaczed by OFF
ng) 180°
SMM
v OFF switching for a
pattern
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The field winding terminals (F1,F2) of the DC drie
excited by a separate dc voltage source and thetaren
winding terminals (A1,A2) are connected to the iie ©f the
buck converter.

The source voltage is chopped into required nunadfethe
equidistant pulses for every half cycle (M) by syetrital
multipulse modulation (SMM). Due to these equidistaulses
the output voltage is practically free from evemrhanics.

By varying the Duty cycled) and number of equidistant pulse
for ever half cycle, the magnitude of the fundaraknt
component and that of the R.M.S value of the outliage
and its harmonic profile can be continuously varied

Both the strategies (M constawtyvaried & vice-versa) have
been implemented, to find the changes in the payuadity
parameters viz. power factor and THD on the AC didee
been recorded and interpreted.

But on the DC side the constant load torque cam&iatained
at constant load conditions. At variable load ctods in this
conventional system,
maintained .As a result of these ac harmonic @esfit the
source side gets distorted. To overcome this pnobte this
paper, closed loop system is implemented.

5. SSIMULATION RESULTS OF CONVENTIONAL
SYSTEM BY SMM TECHNIQUE

In the multipulse modulation techniques as the gailare of
equal width and are placed equidistant from eabbrago that
the usual reference and carrier wave control coatlan is
not required for generation and are pre-definedigital logic
synchronized with a zero crossing detector outptdhled to
the ac side first harmonics frequency.

The H.V. side voltage in the SMM technique is coléd by
the number of pulses per half cycle (M) and theityccycle

(©F

Fig: 3.1 Quadrant I: H.V. ac side voltage for M = 65& 0.8
(Voltage vs Time)

constant load torque cannot be

Fig: 3.2 Quadrant I: H.V. ac side Current for M = 63& 0.8
(Current Vs Time)

Fig: 3.3 Quadrant | speed for M = 6 &= 0.8 (Speed Vs
Time)

Fig: 3.4 Quadrant | Mean Torque for M = 6 &= 0.8
(Torgque Vs Time)

The characteristics of a DC drive in forward matgrimode
(Q-I) is obtained using SMM technique for M=6 ahd 0.8
The duty cycle of the pulses has been kept in decme with
the armature voltage for each quadrant.

Drawbacks: -

In the Normal open loop system, with the increasthé load,
Drive speed decreases, load voltage decreases aidaly
torque required to drive the dc-drive decreasestdushich
harmonics increases in the system as a resultiefpibwer
quality can't be maintained properly. In the corti@mal
system with the introduction of SMM technique, powe
quality can be maintained properly, but the dynaregponse
of the system & stability cannot be achieved priyper
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6. SIMULATION BLOCK DIAGRAM OF
PROPOSED CLOSED LOOP SYSTEM BY SMM
TECHNIQUE

|-
L
a

s!r{t,j

Fig: 4. Closed loop Block Diagram implementation of four
guadrant fed DC drive.

To overcome the Draw backs in the conventionalesgstA

New approach of closed loop fed four quadrant Di@edr
using SMM Technique is implemented as show in idpd f

In the proposed system with the changes in loadage|

Speed of the DC-drive changes and this changed sieiie

load terminals (drive output) is compared with tegerence
speed whose error signal is fed to a PI contrafieorder to

compensate the instantaneous errors and improveytiemic

response of the system.

Steady state error signal (ess=0) is obtained gzubwof the
controller, which is compared with the repeatingusnce
signal (saw-tooth) using a relational operator imeo to
generate the gate pulses required to turn-on &oéfrnof the
IGBT switches, these gate pulses are fed as fekdiignal
(modified gate pulses) to one pair of IGBT switchEse same
feedback signal is fed to other pair of IGBT swiéstthrough
NOT gate in order to compare the displacement efsiggnal
supplied to the gate terminal of the switches femitifying of
both motoring and generating actions.

In the conventional method the SMM technique
implemented by chopping the source voltage intauireq
number of the equidistant pulses for every halfleyd1) &
varying the duty cycled) to maintain the constant torque at
the load terminals under variable load conditiorsngl
armature control method.

S

In this paper the SMM techniques is implementedsdying
the duty cycle ) of the gate signal which are fed from the
feedback path to the IGBT switches .These pulsesvaried
based up on the load conditions. As the load veltaglirectly
proportional to the speed of the DC-drive. So, Spée

considered as input to the controller in the feedlbpath
which are used to generate the gate pulses for the
implementation of SMM technique.

7. FOUR QUADRANT DC- DRIVE SIMULATION
IN CLOSED LOOP SYSTEM

The DC- drive parameters are considered to be ipesih
anti-clockwise and negative in clockwise directions
respectively. The rotation of the DC- drive is sda be
forward in the anticlockwise direction (motoring)dareverse
in clockwise direction (generating). In a DC-dritkee load
torque (TL) always opposes the electromagneticu@rd@M)
But In the motoring mode TM >TL. This implies thatthe
motoring mode TM is the driving torque and therefahe
drive rotates at an angular speed{n the same direction as
TM. In the generating mode, TL > TM i.e. TL is tHdving
torque and, hence, the drive rotates at an angpked ¢) in
the direction of TL.

The armature control method of the dc machine is
implemented by keeping the field excitation fluxmalst
constant and by applying varying voltages to themauore
winding. With the changes in the load conditions tuty
cycle @) and the number of pulses per half cycle (M) \&@rie
SO as to ensure no adverse effect (In-adequatestesitage,
etc.). With the reversing of the armature curreat the
electromagnetic torque gets reversed. In this dokmp
implementation there are No filters for mitigatiofyripples on
the dc link and harmonics on the ac side have beesidered
in the simulation model.

System Parameters:

The parameters of the separately excited DC machine
considered in the simulation model are as follows:
Machine Rating: 5 H.P., 240V, 1750 RPM&/300V
Armature Winding: R= 2.5812, L, = 0.028H
Field Winding: R= 281.3Q, L; = 156H
Field-armature mutual inductance:l=0.9483H
Total inertia: J = 0.02215Kg-m
Viscous friction coefficient: Bm = 0.002953Nm-S
Coulomb friction torque: = 0.5161Nm
Initial speed: 1rad/sec
Transformer Rating: 10KVA, 50Hz
L.V.Winding:V,; =230V, R = 0.002p.u, L= 0.078p.u.
H.V. Winding:V; =265V, R = 0.002p.u, L= 0.08p.u.
Core: R, = 500p.u. L, = 500p.u.
V= transformer H.V.side terminal voltage

(r.m.s value)
V4.= average value of dc voltage of the converter
For Vg = 240V (rated armature voltage corresponding)to
Note:
Assuming that all power electronic devices andraliing
voltage sources are to be ideal.
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8. RESULTS & DISCUSSIONS

A. Simulation Results

The simulation results (Characteristics) of Fouadpant D(-
drive in a closed loopystem referring to QuadreI (forward
motoring mode), Quadratit- ( forward generating mode f
Quadrantdi(reverse motoring mode), Quadr-1V (reverse ' Hl\ I l RREREaN ‘I‘ T
generating mode) are shown below in figs-d),figs 6(a- i "\“‘"Hitllu“l‘u |‘J|'f|;HUU‘JIJ‘|mH| HH\” 1
d),figs 7(a-d), figs 8(a-d) respectively.
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Fig5 (a) Quadrant | : H.V. ac side volta
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Fig5 (b) Quadrant | : H.V. ac side currt
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Fig.6 (b) Quadrant Il : H.V. ac side curre

Fig.5(c) Quadrant | : Spex Fig.6 (c) Quadrant Il : Speed

Volume: 02 Issue: 09 | Sep-2013, Available @ http://www.ijret.org 304




|" } M‘I‘I WH

\

j ‘ il

Volume: 02 Issue: 09 | Sep-2013, Available @ http://www.ijret.org




IJRET: International Journal of Research in Engineering and Technology

el SSN: 2319-1163 | pl SSN: 2321-7308

o

Fig.8 (d) Quadrant IV : Electromagnetic torque

Ll IM

From the figs 5 (a),6(a),7(a) & 8(a) it is cleaattleven under
variable load conditions pure sinusoidal ac vatag

maintained at the input terminals of the IGBT badgrcuit

due to Closed loop operation. In the figs (b) fard
motoring , it is clear that the starting currente bow due to
which relatively softer start is achieved and thagnitude of
the starting torque is maximum fig5(d) becausehefreduced
voltage. As the current increases, speed increagkgynamic
response is achieved fig5(c).

Similarly in the reverse motoring, High startingrr@ants are
obtained fig7 (b) due to which initial torque isM@and further
reaches to steady state fig 7(d). However in thth bibe
forward and reverse motoring mode the stead statpi¢ is
same (Say 20 N-m).

From the fig 6(b) the transient current are inigidbw and
further increases with the increase in the curthettorque
increases in reverse direction and reaches to staseltorque
fig 6(d). In the reverse generating mode, curréows in fig
8 (b) is similar to that of the fig 6(b) in forwagknerating
mode. In both the forward and reverse generatingartbe
speed increases in their respective direction(fig, fig8(c).

B. Discussions:

In the proposed closed loop system the SMM invahiaed
multiple switching of conducting devices within thelevant
half cycle automatically based up on the load door and
the speed of the DC-drive which are very importamt
implementing this technique. Low ripple content &rimonic
free armature current, smooth load torque are wbéthiby
placing freewheeling diode across the armatureiteis The
self-commutating devices employed in the converdsing
SMM technique involve multiple pulses within a halfcle
(M) so, the duration of each pulse in every hatfleys small.
The duty cycle of the pulses is usually high>0.5) except,
during starting, therefore, the off-time is low. tWithe
increase in the loading , SMM technique providegpriomed
power quality in terms of reduced THD of the acesalirrent
(i, e if load increased, M & are high).

In comparison with the Conventional system the adiokop
system maintain qualitative power with reduced harim
distortion on A.C side, thus approximately Unitywmr factor
is obtained. Under high load conditions In conveami
system proper dynamic response cannot be obtamedin
this proposed closed loop system faster dynamiporese is
achieved for all load conditions by continuous nbarimg of
the drive speed.

CONCLUSIONS

In this paper a new proposed closed loop systern &M
technique for a separately excited dc machine dnitbe four
quadrants of operation has been analyzed for riesucif
harmonic content, power quality improvement, fasitgramic
response and system stability. The experimentallteesvere
found to be more improvised than the conventiowyatesn.
The harmonic analysis reveals that unity power ofads
achieved in the symmetrical multipulse modulati@vi\).
However, in SMM technique, the Total Harmonic Dittin
(THD) and harmonic reduction are achieved by chagmdihe
number of pulses per half cycle and the duty cycle
automatically based on load variation and thus egnd easy
filtration.
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