\LL:\O(\ \ ‘

OPTINEEATION OF AMLUCTANCE MOTOR DESION

N\
P

A THESIS BUBNITTED TO

THE ELECTRICAL POMER AND MACHINES DEPARTMENT
FADULTY OF ENGINEERING
AIN SHAME UNIVERBITY

Y
GAMAL MOMAMED HABHEN £1. MADAH
».8C.
21,330
G'ﬂ-— FOR

PARTIAL FULFILLMENT OF M.8C. DEGREE

SUPERVISED BY

'_ “'u . PROF. DR. 8. A. KANDIL

PR. NMHAMNED AMMAR EL. SAVAD

g

BENEER . : "

“w e | o .o
"o ! """,‘r

N . . it [

S RS 'F":m‘.‘f': R - i

Central Library - Ain Shams University



i.

EXANINERE

M S e ®
PROF. DR. M.B8.MORSY //;(’;J eI L

ELECTRICAL POWER AND MACHINES DEPARTMENT
FACULTY OF ENGINEERING,
AIN BHAME UNIVERBITY.

p. v kSN

ELECTRICAL POWER AND MACHINES DEPARTMENT

PROF. DR. M.0. KHALIL

FACULTY OF ENBINEERING,

CAIRO UNIVERSITY.

\
PROF. DR. S5.A.KANDIL < -\([L;A.d\—&

T

ELECTRICAL POWER AND MACHINES DEPARTMENT
FACULTY OF ENBINEERING,

AIN SHAMS UNIVERSITY. (FOR THE SUPERVISORS)

1X

Central Library - Ain Shams University



m
/‘- -
.
ST

::L% 1 :éf %
-— = [ i
,f:EE = 5::_'::

L ‘\ |

Central Library - Ain Shams University



The author wishes to express his sincere gratitude to

Praof. Dr B.A.KANDIL , For his supervision and continuous

ancour agesant .

The author is also desply indebted to Dr. M.A. EL BAYAD
for suggesting the resesarch topic, for his continuous
supervision and valuable discussions during the course of

this resesarch.

III

Central Library - Ain Shams University




AunnARY

Reluctance mators are used when we need a motor that runs
at synchronous speed, not of large powsr and ralatively
cheap .In sose aspects, reluctance motors have the advantages
of squirrel- cage induction motors of being 1 cheap, robust
and can be connacted directly to the a.c. supply. They do
not need d.c. excitation, as in synchronous motors and hance

absence of brushes and brush gear.

Howaver, they have the disadvantages of : low power factor
(about 0.6) and saall pullout torque developed (about half
that delivered by induction motor having the same stator).
The wmain applications of reluctance motors nowadays are in
control systess, textile sachines and in systems requiring

rigidly constant speed working in explosive sedia.

In the last decade, new developments in design and
construction of rotor configurations of reluctance mators
have been introduced. This 1lead to improvesents in
performance and msade reluctance motors more appealing for
industrial applications. However, the newly developed rotors
are much complex in analysis and design, than the
conventional form of rotor with just saliency in the direct

axis.

This thesis developed computer programs for obtaining
v
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optisal design dimensions ¢for a reluctance sotor to gQive
sanimsus required perforsance value e.9 best power factor or
saxiousa pull out torque,manisum stable operasting region, or
saxisus output watts per active weight ... etc. The study is
applied to three different rotor configurations. The first
rotor construction is of the conventional form with saliency
in the direct axis, the second is of cylindrical rotor with a
radial slit {n the d-axis and the third rotor configuration
is & combination of the previous two constructions i.e.
salient poles with radial slit in the d-axis.

The thesis starts by giving the analytical theory of the
reluctance smotors . 1t then gives the mathesatical models to
represant sose reluctance motors. Basic equations are derived
for the air gap field distribution, and then the torque
developed relations, taking into account the magnetic field
in the slit and inter—pole regions. All jmportant motor
dimensions have been obtained. Performance curves have been
obtained via computer,and plotted using lotus prograam.

After surveying various sethods of optimization programing,
the mixed penalty technique has been chosen, as it is
characterized by esasy starting facilities and guaranties that

any starting point remains satisfied throughout the
Camputations.
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LIST OF SYMBOLS

supply frequency , H?
time
d-and q-axes component of the armature current,
respectively.
r.m.s value of i and i ,respectively
d qQ

amplitude of i and i ,respectively

d Q
number of pole pairs
stator resistance
d- and g- axes cosponent of the applied voltage,

respactively

r.m.s value of the applied voltage

amplitude of the applied vol tage

cylindrical rotor sagnetizing reactance

direct axis reactance coefficient

quadrature axis reactance coefficient

d- and g-axes synchronous reactance swrespectively

stator leakage reactance
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load angle

phase angle betwesen current and voltage

pole arc 7/ pole-pitch ratio

motor bore diameter

Qap length under pole face

(in salient-pole type)

9ap length under inter-pole zone

slit width

slit width / pole-pitch ratio

flux density

persesability of free space

current density

slot depth

slot width

slot filling factor

winding factor

iron factor

stator slot arc

no. of phases
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Jo L SENERAL

Reluctance motors have been very successfully used in a
wide variety of applications such as control systems ,
laboratories , domsatic fields and can be used also in systea
of explosive media . In spite of their disadvantages of
rather low power factor and low specific output, The
advantages being 1 robustness , simplicity in construction ’
chespness ,its capability of self starting even when loaded .
and speed constancy . These merits have sade such motor a

natural choice for numerous applications.

Earlier designs were restricted to the conventional
salient pole ‘ type where saliency ratio was increased by
several developments in its shape . Where saliency ratio was
increased by increasing the reluctance in the qQuadrature axis
as such as possible and reducing it in the direct axis.
m“’. has introduced segsental typa,in which
complexity in design was avoided and saliency ratio was
increased to a level that sade practical utilization of this
new type realizable.
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2)
HOHAITEDEIN + has introduced an 1mproved design of

reluctance rotor ,in which starting 1% achieved with no need
for extra starting cage windings . Starting in this type s
achieved by virtue of the induced currents in the rotors
solid body and to provide the necessary synchronous torque
after pulling into synchronism . The split of the rotor block
into two stacks , with the direct axis of the first stack
shi fted from that of the second one by an angle .
Synchronizing performance will depend in this case on tha
shift angle , in his experisental work the inter stacks shift

o
angle was chosen to be equal to 4% (amlect.).

(3)
EbL- SHEBINY v Used a field approach for designing

the wmagnetic circuit ,and computer programs are used for
numerical solutions to obtain optimized values af the form
factors of magnatic field in air gap.

(4)
EHALMERS AND MUALK] Have developed new rotors consisting

of #0lid steel in the form of a cylinder having effective
sagnetic saliency wither by virtue of actual saliency or by
flux barriers, so that at synchronocus spead the rotor behaves
as a reluctance motor. This solid rotors start by induction
action without the need for a squirrel cage winding by virtue
of eddy currents induced in the steel rotor body .

They produced two different features ta imprave the

synchronizing performance .
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In the ¢irst of these, depicted in Fig.(1.1-A) whers a low
resistance coil is added on the rotor direct axis.The coirl
sides of this coil are conveniently in the air spaces on the
Quadrature axis faces of the rotor.

In the second of these, depicted in Fig. (1.1-B) narrow axial
slits are machined in the rotor surface . These slits may be
either radial as shown or in parallel sets and they may be
provided on either the direct or quadrature axes faces or on

both sets of faces.
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ANALYTICA, STUDY OF THE RELUCTANCE MOTOR

Consider the eleseantary reluctance wmotor shown in
Fig.(2.1). To wunderstand the principle of its operation .
Assume the design to be such that the angls between the stator
caoil axis and rotor direct axis is & . Hence, the
minimsum magnetic reluctance occurs at© = 0 ; and thus the
rotor is in wequilibrium position. But if the rotor is
displaced in an anticlock-wise direction by an angle o ,
where O < & < %0 , thus the air gap magnetic field will be
daeforsad and torgue will result in the clockwise direction
tending to return the rotor to its equilibrium position.

At © =90 ,the reluctance will be maximum and the rotor will
be in an unstable position , at @ = 180 , the reluctance will
be again at wainieum value , and the initial position is
restored , all these variations are illustrated graphically
in Fig. (2.2).

The slectro magnetic soment acting on the wmotor can be
obtained, as the partial derivative of the electro magnetic

energy with respect to the angle of displacement ,assuming that

the M.M.F and flux do not depend on displacesent angle

which can be put in the form :
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