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Abstract

In the last decades, consderable advancements have been made in the power eectronics industry.
The adjustable speed drive is very important for the control of motar speed, because many products
can be handled, transferred and easily controlled. This paper discusses the performance of dc motor
speed, fidd flux and loading on the ratio between input r.m.s amature current and average vaue in
aseparatdy exited dc notor fed from three-phase ac to dc rectifier.
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1. Introduction

In the last decades, consderable
advancements have been made in the power
dectronics industry. The adjustable sped
drive is vey important for the control of
motor speed, because many products can be
handled, trandfered and eesly controlled
[12]. A method of control is mainly decided
by the nature of the load. Some loads require
vay wide speed range while others require
limited one This implies that before deciding
a cetan control scheme, load requirements
should be dudied, for example dectric tran
and car need wide range of speed while lathes
needed limited speed range [34,5]. The rms
vaues of current and voltage are respongble
for copper losses while average vdue ae
responsble for torque produced. In previous
author study it was shown that the form factor
of amaure is high in dnge phese hdf and
ful-wave rectifier systems [6]. The accurate
prediction of the performance of dc motor can
be determined by accurate evdudion of its
paraneters. A number of teds has been
caried out such as open and short circuit tests
to edimate the parameters of the dc motors.

They indude the parameters of the fidd and
amaure drcuit, the iron and mechanicd
loses, the speed voltage coefficient and rotor
moment of inetia This paper discusses the
peformance of dc motor speed, fidd flux and
loading on the raio between input rm.s
amaure current and average vaue in a
spaady exited dc motor fed from three-
phase ac to dc rectifier. Also the paper
discusses the voltage and current form factor,
which has been teken as measure of motor
lossesin reaion to its output torque.

2 -Variable Speed Drives

Varidble speed drives can be manly
subdivided into two man types namdy ac
and dcdrives.

2.1 - AC Drives

This type of drives is used whenever an ac.
supply is avaldbdle The driving mechanicd
power is produced by an ac. eectric motor.
The motor ocoud be of induction,
gsynchronous, universal or permanent  magnet
type Induction motor is the most widdy used



due to its robusness, low price and high
efficiency. Speed control of ac motors can be
successfully  achieved by  input  supply
frequency variaion. This has been recently
redized by the devdopments achieved in
power eectronics Frequency variaions can
be achieved by usng a cydo-converter or an
inverter.

2.2- D.C.Drives

The dc motors ae normdly employed for
dffeent types of dc dives In fact the
vaidy of dc moators known yidds
different types of running dharadenidics
thus auting dmos mod of  goplications
known. Speed control of dc mators can be
achieved by dther contralling its amature
voltage or fidd flux or both. Advantages
offered by udng dc motors indude (1)
Smooth speed contrdl. (2) High fficency.
(3) Wide speed range, because for speeds
lowver then raed vdues amaure voltage
control can be used, while for gpeeds
higher then raed speed, fidd contrd can
be utilized. (4) High over load capecity.

However commutation problems added to
high  motor oot resemble mgor
dsdvatages in udng dc maotors in
addition dc supply is not adways avalable
On the other hand, new advances in power
dectronics made it possble to convet ac
into dc supplies With the devdopment of
power dectronic devices, it is possble to
convat ac into contrallable dc. However,
such a oconverson is asodded with the
production of extra hamonics These
hamonics in tun produce extra motor
losses and hence motor is usudly de-rated
to avoid excessive hedting.

3- Motor Parameters Evaluation

The accurate prediction of dc  machines
peformance when fed from a rectified ac
supply can be achieved by accurate evauation
of its man parameters. Therefore, number of
teds has been caried out to esimate these

paameters. The parameters measured are
seed voltage coefficient Kv, ameature and
fidd resgance and inductance, iron and
mechanicd losses and rotor moment  of
inetia. The results are as follow: Armeture
creuit ra = 625 W, La = 003582 H, FHedd
circuit, = 625 W, Ls= 51.762 H, Tr = 00828
sec. The dc motor losses ae Mechanicd
Loses = 28 wet & n = 1500 rpm ,
Mechanicd Losses = 41 watt a n = 1800
rp.m, Iron loss = 14 wat a V, = 110 V
and n = 1500 rpm , lron loss = 9 watt a V,
=110 V ad n = 1800 rpm , JE Inatia of
rotor = 0.256 kg. nf

4- Threephae Full-Wave Rectifiers
Supply

The threephese four wires  ful-wave
bridge redtifier is down in figwe 1. This
draut is equivdent to the dngephase
ful wave redifie. It is dear from figure 1
tha 2 dodes ae used to cowvet the
current from ac to dc. The dc current flow
from the diode in the uppe-hdf to the
diode in the Ilowe-hdf. Duing evay
cyde in the threephase drcuit, the
process to convert ac to dc is repested 6
times & compaed to gnglephase
therefore the dc output wave is more
continuous axd has  high  hamonic
content.

The form factor of armature current in single-
phase hdf and full-wave rectifier sysems is
observed to be high [6]. This is due to the
discontinuous pettern  of the currents. The
peformance of dc motor which is supplied
from three-phase full wave rectified supply is
investigated in the following section. The dc
motor was connected to three phase supply as
shown in figure 1. The operation of dc moator,
for no load case is shown in figures 2 and 3,
and for load case is given in figure 4. From
figures 2 .3 and 4 the fallowing points can be
concluded: (a8 Current form factor hes
improved i.e goprached unity. (b) An
increese in fidd current  resulted  in
subsequent increase in current form factor at
the same vadue of motor speed. (c) Adding an



inductance to amaure drcuit  improves
current form factor (added inductance act as a
low pass filter). (d) For an added armature
inductance of 200 mH current form factor
goproached unity. (€) An increase in no-load
goead resulted in dight decrease in current
form factor. In compaing this three phase
Sudy with sngle phase case [6], it is clear
that the three phase full-wave rectified supply
yidded the bet peaformance ( FH
goproached unity ), followed by sngle phase
ful-wave rectifier sysem then by dngle
phase hdf-wave rectifier sysem. The reason
is thet the ratio of the period of conduction to
that of non conduction increeses as we
increese the number of current pulses per
cyde

5- Conduson

The peformance of the dc motor which is
supplied from three phase full-wave rectifier
is sudied for the no-load and load conditions.
It was shown tat the FH and FFV of wave
shape of the motor are related to the no-load
and load conditions and the threephase full
wave rectifier of the supply sysem. The
three-phase  full-wave rectifier supply is more
sitable for the motor as compared to single-
phese, hdf-wave and full-wave rectifier
sysem. Generdly spesking it was observed

that, for the drive sysems which s
invesigated in this paper, an increese in fidd
current is accompanied by a consequent
increesein FFI.
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Fig. 1 Threephase full wave rectifier supply to dc motor
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FHg. 2Vaidion of motor current form factor versus speed at different vaues of field excitation and
no-load case with different added inductance with three-phase rectifier ac Supply.



v
1 T,=0.0, I_=0.1&4 , | eC.g
107 L L £ a
I 2OTS0.0. Iem0.1SA, bo=0.0
Lol 3 Te00. Ipv2m L,=0.0
i & T L0 1D, L =50mn
Les 8100, Ie0.23, L =50mh
i BTS00 LE0LLA, Lo=200ms
1oe b POOTS00 10,238, L =200m
L T L, = added inductance
1,03 @
1.07 b a3
R
101
I-00
E-
1oy . 4 3 o, | nlrpm}
0 300 600 900 12ho 100 jaoD 2loc

,

Hg. 3- Vaiaion of motor voltage form factor versus speed a different vaues of fidd excitaion
and no-load with different added inductance supply three-phase rectifier ac supply.
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Fig. 4 Variation of current form factor versus speed a congtant values of field excitation and
loading with different loads with three phase ac supply.
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