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ITERATIVE PROGRAMMING DESIGN OF HIGH
STARTING TORQUE INDUCTION MOTOR
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ABSTRACT:

The electromagnetic design of high starting lorque (HSTT) squarrel cage induction motars, ftled rith
wedge type rotor-bars is formulated at an fleralive programming problem, to gel @ computer aided
oplirrsm design. The relevant CAD program is buill Io periorm the propased job in an interactive
mannes with both the user and the introduced Expert System. This enables the user ta make his o
decigion when muliple chalces are offered. The developed compuler program can be used to design
medium and rge size new molers as wefl ue Lo investigate or consul existing one. It yieks very
safmfaciory resuls lhrough & smal number of derstions. The resulls are genersied in form of @
“Design Data Sheet® inchuding all design data , and the sxpecied nodond and rated performance.
Also, the behaviour of a group of sakent design and oper stional variables against sip can be plofied.

INTRODUCTION :

Away of the double-cage, the rotors of high starting torgue squirrel cage
mnduction motors are nommally equipped with skin-eflect conductors. They are
characterized wmnmmhﬁumm“-ﬂnu—umm
of the siot. mmmmumm The HSTT
squirel cage induction motor, fiited with this type of rotor bars, is one of the most
mummmmmmmﬂ- A proper design of
mmummwmmmmnmm
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estimation* of the rotor bar. A part of these specifications is the specific terminal
valies stated by the user. The other part is the standard specifications agreed by
both the manufacturer and user. . Among fhese specifications arise the ratios of
starting torque and current to their rated values{TR,CR) as the most important design
variables. In order to approach the proposed values of both ratios, the rotor-bar
dimensions must be property chosen. Thereby, the required starting conditions and
the whole molor performance can be ensured. Due to the large number of variables
and inter-relations which must be handied through out the design process, the
mmmh*mmnm the proposed CAD
program. mmwnﬁmmmmw«lwhm
user, the package Is provided with an Expert System Routine.

EXPERT SYSTEM:
This system synthesises the previous theoretical , practical .and empirical knowledge
gathered over long years in designing the HSTT induction motor. It is bullt in form of
a handy routine. The required information can be easily obtained according to the
mmnmt.mmmmumhm[m:
Proposed values of some factors such as : rated power factor, relative
: mmm.mmmm
~ 2. Proposed values of some dimensional factors such as : hmwm
air-gap length, and stator-siot-height. :
lmmmmmhmmmmmm
different specific permeances of leakage patns, and skin-effect.
The routine mmmmwummw»
stored MMl“Mhmmth
mummm

Dﬁmurﬂocmﬁ . v rom
~ Generally, nwpmmmmmmmcﬁum '

into the following major problems (8] :

1 - Design of magnetic circult , i e 151 s g

2 - Design of stator winding ,

3 - Design of rotor cage ,

4 - Determinations of equivalent circult parameters, and

5 - Calculation and analysis of the expected behavior and performance.

mm-—-mmmmmﬂum I'Iﬂlﬂqf

HSTT Induction motor this straight Wﬂ H!PM The

reason fs the compicaled interrelations and dependence existing betwoen many of

the kivolved mmnmummwwm This effect

must br properly simuiated by an adequate group of refations.
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These relations redate the sion-affect vanables o the dimensions of the rotor-bar and
the required starting spectfications.

The flow-char! given in figure (1) outhines the sakent fealures of the suggested design
process ~ Fof simplicty, most of the ilerative and interactve operations do not
appear in this chart. I folows now a brief account about a seected number of these
operations .

1. Delermination of Rolor-Bar Dimension,
In rotors equippped with skin-effacl conductors, the bar current is forced at starting
toward the upper portion of the bar resulting m an increase in the effective resistance
and a smaller cecrease in the effective leakage reactance of the bar [6] . As the
speed grows, Whe rotor frequency decreases (F, = sF,). Accordingly the effective
bar resistance decreases (o reach aimost its dc value al rated slip. This lemporary
ncrease in the rolor reststance during the starting period, must be precisely
determined in order to ensure the starting lorque ratio and the desired torgue/siip
behaviour. Elther the rolor bar-resisiance or the siol specific permeance during
starting can be related lo their steady values under running conditions (s =0 ) by :
Kl'l‘g”. and Ki=a, ), (1)
KA and K| are the resistance and inductance coefficient of the rotor-bar respectively.
in the design of wedge-bars, both coefficients can be expressed as functions of
Beta, the ralio of the upper bar-widih (b, ) 10 the lower wicth (b, ), and HBAR'

KR = f(HBAR' Beta) (21)

and

Kl = {HBAR' ,Beta) (2-2)
HBAR' is an equivalent bar height, irespective of Ihe shape of the actual bar. Il can
be also expressed as function of the actual bar height HBAR and the sliip s

HBAR' =1 HBAR s ) (3)
This relalion yieids at s, s = 1, the actual bar height -
HBAR = HBAR', (4)

Accordingly, the equivalent bar-height at starting, HBAR',, can be fousd with the heip
of relation { 2-1 ) and (he knowledge of the resistance coefficient al starting , KR, .

KRg={ KW, TR, CR, 1y, fy) (5)

KW is the rated oulput. r,, and r, are the bar resistance oulside and inside the iron
core; respectively They are function of the cross-sectional area of the rolor bar,
ABAR which is determined by the rolor copper sheet haight (HSH, ) and the rotor
slot pitch (Y, ) -

fy = 1L ABAR ) and 1, = f{ ABAR ) (8)
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whera ABAR =HSH, = Y., , HSH 2 =1(HSH4) (7-1)

HSH 4 = ACy,J , FF) [ 7<2)
ACq, J , and FF are lhe stator eleelric loading factor, current density, and filling
factor;respectively.

It is evident from the relations (4 ) to( 7 ), that the determination of the bar-height
will follow an terative inleraclive process between the parameters and specifications
of the rotor and stator electric circuls. In each iteration step, the bar dimensions
HBAR, by and b, will be calculated with help of ABAR and Bela, This process will go
lo end ;if :

blos = Bys (8)
whers h‘n&ﬂbu*ﬁib!‘%}fHMR [9—1]
and bys = KW , CR , TR)) (82)

The bar-width by ; is measured 5 mm beluw the upper edge of the bar,  This width
, determined by relation ( 9-1 ), must approach iis value determined by (8-2) in
order to satisfy the starting conditions.

2. Magnelic circull calculations:
Thesa calcuialions are essential io consult and recognize the no-load performance,

especially the reactive component of no-load current | the magnetising current |,
The relative value of this current Lo the sxpected rated current must be within 50% In
case of large HSTT induction molors. This ralio is a garantee (hat the required
starting torque will be exerted. Thereby, the rated power factor could be in the range
of 0.75t0 0.70, in addition to the no-bad performance and rated power factor, the
resulls of magnelic circult calculations affect the specific no-load permeance,
efficiency, and the stalor-side themal siresses. Therefore, a more precise
calculation method had been chosen which considers for magnetic saturation(7].

The method applies an iteralive process lo gel the ratio ALPHA, It is the ratio of the
Maximum aclual alr gap fluxdensity (BGM) lo the Average sinusoldal air-gap flux-
density (DBG). Thereby, BGM can be determined where DBG is the already decided
magnetic loading factor. With this maximum value, the magnetic circuil calculations
can ba started. According lo lhe chosen magnetic malerial, the corresponding B-H
curves and specific iron losses are lo be included in the input dala, Al required
emperical coefficients and experience are inserted in the Expert-System.

3 - Adjus @meler Current :
During the starting period the bar resistance and reaclance are varying with siip :
f, =1 KR )=1( HBAR,Beta,s ) (101

Ay = Kl ) = HBAR,Beta,s ) (10-2)
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in tum, the rotor parameters are alsc varying with sbp during the same period.
Accordingly, the rotor current will assume different loci between s = 1 and s =0,
Thege locl are convergent and assume nearty the same crcle as s approaches ero.
To ensure lhe desired configuralion of the lorque and current behavioures against
sip | the diameler cument al s=1 musi be property estmaled. Oulgoing of the
requred starting specifications, the proposed vaiue of this current can be lo great
extent exaclly determined by

Iy=f{ KW.CRTR,, ) {(11)
where in the proposed rated stator current, = f{ KW, V, PF ETA ) (12)
V, PF.and ETA are the rated vollage power factor, and efficiency; respectively.in the
other hand a preliminary vaiue of the diameter current can also be delermined at tivs
level of the design process :

log=VIX=VI{%+Xy) _ (13)
where X Is the lotal motor reactance at s=1 refered lo the stator. The prefiminary
currant | Is that reactive current expected to be consumed at s =1 _ It is a measure
of a salisfaclory performance al both starting and rated conditions, and must be
nearly equal to the proposed value |, . This can preferly done by modifying the
permeance of the rotor siot , and in tum on the rotor slol dimensions .

Y =1 iy) (14)
Any unacceplable devialion in the prefmmary value ldd can be avoided by a relevan!
moditcation in the rotor tooth-height or the ratio Beta. Thereby the rotor siot specific
permeance 1., can be adapled to get I, =1,

APPLICATIONS, USAGE, AND RESULTS

The predicted CAD program can be used to design medium and large size new
HETT induction motors. It can also be wsed te investgate akready bulll motors when |t
irﬁlﬂlum test, or consull them. The input data are minimised (o be the
requred lerminal specfications, and the specific data of the chosen materials,

The user will find the output data in two files. The first file contains the design results
n form of a "design dala sheel® This sheet includes all detailed information about
(1) Dimensions of stator and rotor laminations; including siot dimensions.(2) Stator
winaing, rotor cage, magnelic circul,and (J)Expected noload and rated performance.
In addition, the terminal specificalions and the design data recommended by the
Expert System are also inciuded. The second file can be handied by piotting routines
ta get the characterising behaviour of a group of operalional variables against siip .
The program had been tested through the redesigning of a group of already budt
deep-dar Induction motors. Figures ( 2 ) to ( 7 ) summerizes the behaviour and
performance of 500 KW, 3000 V, 50 HZ, 125 r_p.m motor, which is aiready built for -
CR=35 TR=05 andBeta=05  Also designs of this motor having the same
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are camed out, The figures reveal that all designs hold to a great extent the same
expected no-load and rated performance. Although of this resutt, the torque
behaviours are nol the same. This emphasizes the fact that CR,TR and Beta must.
be chosen to interact in a perfect harmony to get the required behaviour | l]ﬂhm
can be easily done by the program.

CONCLUSION :

Aqﬂﬂwmemwmw HSTT squirrel
wMMiﬂdwﬁmm The program perform the
design process in ummnumurmwuuww
stressed by the required specifications The package inciudes an Expert System
Routine which simulates whole of the thaoretical and empirical information, practical
feelings and mmmwm In addition to the design of
different size new motors, the program can be used (o investigate of consull existing
one. The results reveal good satisfaction through a small number of terations. The
author suggest the mumMﬁh“lMMﬂ
HSTT squirrel cage induction motars.
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Fig (1) Computer Programming Fiow Chart




Fig.(2): H:z‘w and starting
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Fig (3) . Effect of BETA on the requisted starting torque and he
starfing ¢..rent ralios, s well as the maximum lorque,
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51, TOROUE RATID = 0.5
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Fig (4). Variation of the rotor-bar
resistance and reactance
coefficlents against sip.
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Fig.(6): Pertaining the magnetic
circuit calculations.

Fig (7). Pertaining the expected

performance,




