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Abstract—This article deals to describe
investigation of the digital phase locked loop iempknted in
software (SDPLL). SDPLL has been developed for dpves of an
induction motor in scalar strategy. A drive was liempented and
simulation results are presented to verify the sbbessgainst motor
parameter variation and regulation speed.
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|. INTRODUCTION

HASE Locked Loop (PLL) have been applied in variou

fields. They are increasingly popular telecommutiica
systems [1]-[11] (wireless systems [2], telecompwer
engineering and biological systems.

It is a buckled system which causes one signalraokt
another one. It keeps an output signal synchramisiith a
reference input signal in frequency as well astiage. More
precisely, it controls the phase of a local oswilldo that of an
external signal in such a way that the phase disiween
output phase and reference phase reduces to a unnjdi.
There has been significant interest recently inghplication
of phase locked loop techniques to motor speedr@orithis
technique provided excellent accuracy for speedilatign
[5]. This type of control has been applied to DCtong3]-[6]
and in a few cases to ac induction motor [5]-[7]-[8
Conventionally, this achieved by analog PLL [9] atassical
digital PLL [10]-[12]. In this case, the output tife phase
detector is seen as a continuous time voltagetdaadoltage is
fed to analog loop filter. However, this analog dieack
system is not satisfactory in some application wrestcellent
speed regulation and fast dynamic response arereelqif].
These features can be achieved performing angitatiphase
locked loop implemented in software. This has theaatage
of flexibility.

The objective of this paper is to develop SDPLLIisTis
applied to the induction motor in scalar strategy $peed
drives.
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This paper is organized as follows: In the secautien we

the simulationgive a description of the SDPLL. The third sectitescribes
the
simulated results illustrate the performances o #peed

induction motor speed regulation by SDPLL. The
drives against parametric variation and disturbance

I1. DESCRIPTION OF THESDPLL

Software Digital Phase Locked The block diagram of the Software Digital Phase Keat

Loop is shown in Figure 1. The basic digital phkszed loop
consists of four elements: a phase detector, aufteo, an
increment/decrement circuit and a divide by N-ceunfThe
phase detector compares the phase of the incorngingl sbin,

with the phase of signal produced by the SDP®but, and

outputs an error signal. The k-counter, which astghe loop
filter, adjusts the frequency of the digitally caited
oscillator (DCO). DCO is constituted of the
increment/decrement (I/D) circuit and divide by Nuater.
The k-clock has a frequency of Mfc and the I/D-&ldwas a
frequency of 2Nfc, where M is a constant, fc is lttp center
frequency, and N is the modulus of the divide byduinter.
The I/D-clock, frequency and divide by N modulusllwi
therefore determine the loop center frequency.

Mig KCLK Carry
DU Divide-by-K
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Divide-by-N |
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Fig. 1 Digital phase-locked loop
A. The K-counter

The K-counter works together with the I/D circuib t
produce a signal which is fed back through thed#iviby N
counter to the phase detector to be compared with t
incoming signal. The K-counter consists of an uprter and
a down-counter with the respective carry and bomwowputs.

1200



International Journal of Information, Control and Computer Sciences
ISSN: 2517-9942
Vol:4, No:8, 2010

B. The increment/decrement (I/D) circuit

The carry and borrow outputs of the K-counter are
internally connected to the increment and decrerimgntts of
the increment/decrement (I/D). This circuit whicim, the
absence of any carry or borrow pulses has an othptits one : g bd | DO
half of the input clock (I/DCP). A pulse to the dement input ’ ;
causes one half-cycle to be deleted from the I/fputywhile
a pulse to the increment input will result in affwicle being
added to I/D output. This is illustrated in figuze

B=C=0ouB=lC Fig. 3Edge Controlled Phase Detector (ECPD)

clock CLK]
o L] LJ L
I'D output le— 172 cvere

—
PR I S [ S B S R

(a) ¢¢ = 0 USING EXCLUSIVE-OR PHASE DETECTOR
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(b) 1/2 cycle added.

JJ I

ﬁ B (C=0) Fig. 4 Phase detector input and output with ze@splerror

When the loop is hung withe=Fc, EXOR phase detector is
m m |_‘D output used to disable the K-countéhis circuit act to minimize
— ripple. So that no carry C or B is generated. éf difference in
phase between Fe and Fout is warthAg, the K-counter is

~ (c) 1/2 cycle deleted. active only when the signal:
Fig. 2 I/D Circuit waveforms.

C. The phase detector X =Fgu U DU (1)

Two types of phase detectors are provided wittDREL: a ) ) Ap
conventional Exclusive-Or (EXOR) gate and an EdgAt the high level for one length of tlmﬁe? the K-counter
Controlled Phase Detector (ECPD). The ECPD ismfltip T

which functions as follows: A high-to-low transiticat gg will receives then:

produce a high-level output, while a high-to-lowartsition at K. = MFcTeA—¢ )
¢oa2 Will produce a low-level output. The phase errgy,, is n 2

defined to be zero when the phase detector ougmiah60% The K-counter delivers:

duty cycle. Figure 4 illustrates that fgr =0, the absolute Agp 1

phase difference betweepdnd § is 1/4 cycle for the EXOR Kout = MFcTe—— ®3)

2 K

case and 1/2 cycle for the ECPD case. The EXORephéEor one length of time Te, the I/D circuit receiv@spulse

detector has a gain,qKof 4 and phase error limit of +/- 90
The ECPD has aylof 2 and a phase error limit of +/- 80 repetition frequency useful:
MFc Ag

|/ Doyt = 2NFeTe—= ==~ 4)

The loop output is:
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MFc A
Fout = Fc———(o

2NK 2

©)

From this equation we can derive the tracking fesapy range:
MFc Ag
2NK 271

AFout = Fout - Fc = (6)

At the limit of lock rangeA®= #n the maximal tracking
frequency range is defined as:

MFc
4ANK

I S
= |

THAD
TR

DU_?

()

OFoutmax =

Te ko
2w

Fig. 5 The signalsf fo., DU and the exclusive-OR out put

It should be noticed that the signal from the corafm of
phases is exploited directly by the counter
immediately modifies its counting rate or countdowithout
any integration being necessary. The pull-out ramgel
locking range are thus confused; it is an advantafgéhe
numerical PLL.

I1l. INDUCTION MOTOR DRIVE WITHSDPLL

The main purpose of this work is to propose a &irec
control of an induction motor scalar drives usihg SPLL.
Precise speed control of the induction motor drigeschieved
by using the software digital phase locked loofhégue in
feedback system. The block diagram of the totaltrobn
system which has been studied and tested is showigure.

6.
Converter V=af
= /oo, f
| v vy

( Speed sensor Induction Motor )

Pulse
Generator

Fig. 6 Block diagram of SPLL motor control system

K which _f

In this scheme, instead of comparing the frequesfcthe
DCO with the frequency of the reference signal raghird
section, the speed of the motor is compared withréifierence
frequency. The square wave output of the DCO détexsrthe
frequency of the scalar control signal of the irtthre motor
and hence its speed. The transducer is a tachoageneshose
output voltage signal is proportional to the madépeed. The
output of this transducer is converted to squagaasi with
converter. The square signal automatically trabksréference
frequency as target motor speed.

If the motor slows down, encoder output frequendlf w
decrease. The digital phase detector will produsceeaor
voltage which, after filtering, will increase theitput of the
DCO and compensate the scalar control signal toedse the
motor speed. The SDPLL forces the motor speed to
synchronize with the reference digital pulse trathus
enabling a precise speed control of the drive syste

IV. SIMULATION RESULTS

We present in this section the simulation resultsthe
SDPLL. The system is simulated under MATLAB Softevar
Package. The tests carried out confirm the robastioé the
proposed control scheme.

AC supply
3phasss
[ 11
Diode
f rectifier
S

— pLL ’| P i

Inverter

Generation bloc

Fig. 7 Block diagram of SDPLL motor control system

The reversal speed response of the induction n®girown
in Fig. 8 (a). The speed tracks precisely the esfee values of
speed targets. The fig. 8. ¢ shows the speed amarh is
obtained as the difference between the desired signal and
the actual system output that tends towards zdre.fif. 8. b
shows the control signal.
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Fig. 9 b. Motor speed control response under distuze
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Fig. 8 ¢ Speed motor error The fig. 10. a shows the behaviour of the inductiastor

speed under a rated load torque at time 2 s aratiation of
the rotor resistance from actual Rr to 1.5Rrmaetil0 s. The
fig. 10. ¢ shows the speed error which is obtaiasdthe
difference between the desired input signal and abwial
system output that tends towards zero. The fighlshows the
control signal dynamics.

Fig. 9 presents the speed responses of the propossal;
Figure. 9.a presents the simulation result of matpeed
response under disturbance. Fig. 9. b shows themeamd
speed. Fig. 9. ¢ shows the speed error of the gezpoontrol
scheme. A rated load torque of 5 Nm is applied he t
induction motor at time 2 s. The application of thad torque
creates a disturbance on the output of the modais T The results show the robustness of the control uader

disturbance is rejected and the regulation reniesise. external disturbances and parameters variations.
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Figure. 10 a Simulation result of motor speed raspo
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Fig. 10 c. Motor speed error response

V. CONCLUSION

30

disturbance. Simulation results were verified tamver the
validity of the proposed system.

VII. APPENDIX

Induction motor parameters:

Power Pa=1 Kw
Nominal voltage U,=220/380 V
Frequency fia=50 Hz
Stator resistance R=2.3Q

Rotor resistance  R=1.5Q

Stator induction Ls=261 mH
Rotor induction L,=261 mH

Number of pair pole n,=2

Inertia moment
Friction factor

(1

[2]

(3]

(4]

(5]

(6]

(71

(8l

[9]

[10]

[11]

[12]

In this paper, software digital phase-locked loephhique
for the speed control of an induction motor scaleves is
presented using scalar strategy, where satisfaotsuits were
obtained. The control system possesses high peafaren
including the precise speed regulation, robustteesise motor

parameter variations and insensitivity

the

terqu

J=0.0076 KgrA
f=0.0007 N.m.s/rad
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