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Controversial Aspects of Stray Ioss
in Cage-~Induction Motors

By M, %, Mohapmed”, Pb,D. & Frof, C.I, Butlep+.b, Sw.

ftray losses in cage iuduction motor have Daen tha
subject of msny papers in the recent years, yet there is nn v~
lverselly accepted definition. An old definltion for stray log-
ses shated that they are the additional losses which occur im

n&untion notor gud which are not included in the normal deaign
calculatioﬂh( ) |

. Buch a definition is too vague, since it fails o

giva_any-rsason for their existance, their nature or thelr aamw’
vopents, It 1s as well insccurate because of its dopendanca 02
2 specifié design method; i.e,, different designers get diffex-
ert sstimations for stray losses. Stray losses have been deflined
alsoc a8 tThome losses occurring in votating electrie machines in
addition t¢ the normal copper. iron'and Triction losses(e);ﬂuzh
dafinitions whish are not clear at all result in a confusloi
whetnoer tc consider & specific type of loss as a stray loms ox
not.

Load losses were defined sg the difference between
the VYotal power logses of the wachine on load and the lossen de-
tormicsd by ths loms segregation method, the latter contains fr-
leticn and windage losses, stator core and copper losaes and ro-
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Hence any no load stray loss is not included in this daf-
inition. For this reason strey losses were divided inte styay
no~-load losses and stray load losses.

Few definitions were stendarised for the stray load iosa
which is the major part of stray losscfome of these arvet '
(1) B.B., 205-1943 defines them as the additional losses wisyve-
a@ver occurring, caused by the load current due to change im i,

_ﬁ’ﬁx distribution and to eddy curremts '),

(2) VDE 0§30 defines them as those losses whish are neither no
load loseges {iron and friction losses)nor Joulean dissipstion
losses 1n the winding corresponding to the d.c. resistance ox
trapsitional at the slip ring(5).

{3) According to the Bmerican Stondard Test Code they ware dg
Tined #s that portiom of the total loeses iv & machline not sig~
oun#ad fer by the sum or friction and windage, Btator G ook,

rotor Iaﬂ snd no-1oad core LosS.

Qlasgificatiion of Stmry losseg
Thers bhas been mwore Than sne way of classification fox
the compopants of stray losses asccording to their origin, Fre-

quency or the place vhere bthey occur,

Btray losses may be clessified ss those dua to theoret.’
ical lmperfections and those due to industrial 1mperfectiona(73s
The inaceurate calculation of the iron loss & addy currenns 1in
stator conductor are examples for the first; end the iantsrbar

iosses An the rotor are examples for the lavter.



xoam, 3

© it 48 poasible to divide losses as well into those dwe
to the fundamental frequency and those due to its harmonics .
Both these components may be considered as stray losses ox
otherwige according to the British Standard because the deii-
aition does not make it clear encugh. However Wbppler‘s)_waﬂa
1% very clear that the fundamental frequency losses due to imw

perfect bar to coreplate insulation are not stray losses,

Btrey losses when olussified according to the places
f&hana they occur are divided into surface losses, tooth puls-
atlon losses, I°R losces due to tooth pulsation airgap harmo-
nie fiux end stator harmonic, and the siot and ovarhang eddy
current losses,
3. dinterker losces
: ' These are cnly part of the stray losses in cago
induction motors; however, the contraversy lies in this field,
The originm of the interbar losses and the place where they oo~
cue sre very clear. Hence the losses due to imperfect bar %o
coraplate insuvlation may be classified according to these due
to the fundanenﬁai waveform and those due its harmonies, Bach
of these waveforms will produce losses in the bar, interbar,snd
endring resistances. At least one of the above mentioned lcoses
ie not stray ; i.e. the bar losses due to the fundanental wave-
form, But the problem is that the losses in the bar in the cape
of imperfectly-insulated protor bsrs will he more than those in
the cage of perfectly-insulated rotor bars. Hence the question
which ought tb be answaredlia whether this increase in the fun-
" damental losses above the case of perfectly-insulated rotox bars

is to be considered as stray or not?
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4. Dipsyssion
In trying 0 answer the above question in the g
0f the definitions of sectiou (I), it is clear tha% they are
considered by the VDE(s) definition as mormal losses and Ro%
stray, ainﬂe they occcur in tha bars although they are dus tw
ilmperfact bar o coreplate insuladion.

fome authors asphasized vhe classification of such
lceses as being pure losses. Anericsn test code(s) stand, us
gﬁll, in this atde since these losses are I°R losees in the
2otop, T

The british svandard®) can be as well understood to
aid the second classification, mlthovgh it does not show that

very clearly.

Khen studying the barmonica loeses, st leest ors Ge-
finltion tends to consider the losses in the interber path only
as abray; i.e., it conalders the harmonic bar losses as norsdal
losses (5) ,

| Before Eryins W selve this contravafay a2 cleax dsfi-
nivion is to be put forwaed first, and then the iosses are %o
be tested sccordingly. Two definitions are propdsed here for

BTy lomses &m

1. The reduction at any speed of the output power below that conrw
esponding to operation with perfectly-insulated rotor losses and o
ﬁndhmﬁntalhflux waveiorm only in the alrgap; i.e., with no bhar-
monic fiwvx waveform in the airgap nor transverse currenta in ths
rotor.

2. The diffensnce between (I) The input power calculabted on the bas?ﬁ

of the equdwglent circuit corresponding to only the fundameatal-flux
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componant in the airgap with a perfectly imsulated cage avd(4i)
the teat valus of input power loss less the friction and windage
losges™,
Frgm the avove definitions, the following componenis syve

wnsidered as stray lossess
(i) A1) harmonics losses in the bar, interbar and endring wesis~

tances, even if they produce positive torques, ,
(11) Fundamentai waveform losses in the interbar resistenca.

(111)Bxess of fundauental bar plus endring Losces io the cass of
lmperfectly insulated rotor bars sbove those in the cese of
g perfectly~ insulated rotor bers,

.

F

Copzlusgions

A clear distinction between the components of lossges due

to the bar to coreplates imperfect insuistion is made. ALl baraw-
nice losses are considered ass stray losses, Fundameantel waveform
i the interbar path and the exess over the case of periect lasa-
lation in the bar aud endrings are considered as stray logses as

-well.

daowldeement

The-authors are greteful to the facillities offfersd
ot both department of electrical engincering et University of
¥osul, Mosul~-Iraq and the department of elsctronics end eleetri-~

cal engineering, University of Sheffield, Sheffield-England.

Fefernces ‘
1. Bird, B,. M, "Measurewent of stray ioad loesscse," A& Ph. D,

thesis, University of Bristol, 196%.

2. Barton, 7. H, and Abmsd, V. "Ihe measurement and Prediction
'of in-duction motor stray losa at large slip.,” A. I, B, E.
Trans. Jen 1957 P, 299 - 204,



B

4

©.

I

xxur, 6

Christofides; N. "Origlns of load losses in inductlion
notors with cast aluminium rotors". Troc, I. B, B. 322
¥o. 12; Dec. 1965, FP. 2317 ~ 2332,

British Stavdard Institution®,.”Methods of declaring eff-
sciency of electrical machines®, B, 8. 269, 1927,. fncore
porating amendment March 1957.

Weppler, R, "Stray losces and torgue curves of thiee ~phsac
asynchyonous motors with squivrel - cage rotors". VOE Pach-

ler lﬁ%&, 24 , Pr 2u9 - 216 (in German).

4, I. B. E. Compittee "Stray load lose measurement in indu-
ction machines”, I,E.B.E, Yransaction April 1954,FP, 67-9L.

Ghange, S.5.L., " Physical Concepts of stray load loss in
induction kachines". A, I. E. E. Trane. Peb. 1954, FP.
10 - 12-



