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The performance characteristics of a new form of a solid Eotor, 
three-phase induction motor has been investig~ted. For this purpose, 
three differently slotted rotor ~ ~ere desig n ed, and successively 
examined in the rotating field of a 36-stator elote. These rotors 
having noslot, 32-slot, and 10-:slot. ComparIng the performance of 
these rotors ~lth and ~ithout cage ~lndlng, brought out clearly the 
influence of the various parameters that affect the perfor mance of a 
slo tted-cage induction motors. These parameters are the s l ot ~ldth, 

the slot depth, the slot numbers, and the saturation of the magnetIc 
mater ial. 

It is noticed that the performance characteristics for a ~O 

slotted-cage induction motor have been improved conSiderably 1n 
comparison ~ith the other two rotors. With this slotted-cage rotor the 
improvements are observed allover the torque/speed, and po~erfactor/ 

speed characteristics. Thus, these investigations enaule optimum 
design of the slotted-cage rotor for a given stator frame. 
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1. I NTROPUCTI ON: 

Interest has arisen for many years in the operating charac ­
teristic~ of the solId rotor t llree-phas e induction motor notably 
vith reference to starting and runnIng performance. These motors sho~ 

a useful reduction In the ~tartinq current, but the accompanied 
reduction in performa nce characteristics at rated vo l tage, ow ing t o 
the inheren t high reeista nce , l~ generally unacceptable 11, 2 ) . In 
addition, these motor s uffer from the disadvanta ge o f low pover-factor 
and high slIp ~hen operating under full-load condi ti ons. Tec hniques 
such as the fitting of copper end p lates Il } or the ma c hini ng o f deep 
radial ~lits In the r otor surface 141 were Introduced for relievIng 
these problems , but they do not pr es ent e ntir e l y a s a tIsfactory a nd 
practical solution. 

Theref o r e, the authors ha ve suggested to in troduce the concept of 
the cage wind ing with e ither a smoot hed o r toothed solid iron rotors. 
The cage wlndlng has been f i tted into the so lid iron rotor. Such 
configuration Is denoted as a slotted - cage rotor. Th e analys is of this 
configuration fr om the field poi nt of view is essentially a three­
di~enslonal problem ; ~he r e the presence of slots alters the ~olld 
rotor ~agnetlc propert1e~, while th e cage winding changes its electric 
properties. The f i eld solu t ion of the slotte~-cage rotor configura­
tion considering the effect of t he slot depth, s lot width, slot 
number, finIte r otor length, and the nonl i nearity of the material is 
very complicatted. Therefore, in or<!ier to bring out clearly the 
effects of variation In the ~hysicel dimensions of the slots and their 
numbers on the machine perf ormance, t h ree different rotors have been 
designed and tested. In addition, t he satura tion effect has been 
consi dered by recording the aimed results at three levels of supply 
voltage; 70, lID, and 1 30 v6l t . Moreo v e r , each of the three solId 
rotor has been equipped with a cage wInding, in order to give an 
insight into its effect on the performa nce of the solid rotor 
induction motor. 

2. I.H.T;;. SP,.ECIFI CATION QE TIill. i2BOIZOS ED B.O.:mB.s. l2Eli.Q.li..;" 

The re la tive ly high re sistance of a solid iron ro to r, compared 
with a laminated cage rotor, re~uces the performa nce cha r a cteristIcs 
at r ated voltage. The perf o rmance of a solI d rotor induction mo tor In 
these respects can be l~proved cons ide r ably by introd uc ing a 
conventional squirr el cage ""in~lng. Such s l o tted c age r o tor may 
exhibit a mor e advantageous varIatIon of effective Imped~ nce duri ng 
runnIng operation. The behaviour of the proposed s lotted-cage rotor 
dIffers considerably as the terminal vol tage var l es. At reduced 
termlna l voltage, the outer iron shel l I s des ig ned to be o f s uitable 
t hickness to carry the flux as t he slotted - cage rotor viII exhibit a 
s o lid ro to r characteris tics. Ho wever, at hIghe r terminal vo l tages, the 
flux pe netrates deepl y in to the Inner surfaces a nd links vlth the 
squirre l -cage vlnding. Theref ore , the cage wind Ing comes i nto opera ­
ti o n and the dl:!s ir ed reduced resistance Is achIeved. Accordingly, a 
better performa nc e vou ld be exhlbite~ by the ~ lotted-cage rotor. 
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TO verify these important knowledge t hree rotors are designed with 
different physical dimensions to reveal the influence of each of the 
slot depth, slot width, 'slot humbers on the mschine perfor~ance. In 
addition, the effect of introducing the cage winding into these rotors 
has been illustrated. A ·proto-type induction motor, rated at 1.5 KY, 
4-pole., 36-stator slot, 3-ph, 450 turns per phase, demonstrated the 
achievement o f the predlcted performance Yith each solid iron r otor . 
The rotors specifications are· given ~n Table (1). 

I~b.!.e: (l) 

Th e Proposed Rotors specifications 

Name Rotor Rotor Rotor 
No. 1 No. 2 No. J 

Rotor Diameter (0) 10. 10. 10. 
Air-gab Length 0.3 0. 3 0.3 
Effective Rotol: Length (L) 5< 5< 5< 
Number of spaced Slots (S) 0 32 '0 
Depth of Slots 0 6 6 
Width of Slots 0 , 3 
Width of Teeth 0 '.2 '.2 
Mean Diameter of End Ring 89 68 68 
End Ring Thickness 8.' 8 8 

(copper) (aluminium) 
Numbe r oE Cage Ba, 12 12 12 
Diameter of each 8.JI 8 8 8 

At~ Lhe dim.9rtsions are tTl mi.l.llmelers. 

3. ~XPEeIHEHTAL H$~ ruLQ ~SCUSSION: 

Expe riments were conducted to measure and to p~edlct the 
performance characte~istlc5 of the th~ee solld rotors InductIon motor 
at strarting ~nd running conditions . Load, no-lo~d, and short·clrult 
tests we re carried out aimed at the measurment of the input pO~er, and 
the input current and to pt:edict t he torque, and powe r-factor at 
va rious speeds for three levels of s u p pl y voltage. These results were 
given for three different rotors either equipped with cage Yinding 
arranged into the solid rotor, or with no c a ge wInding. The results of 
these tests , Fig . (ll, have s ho .... n to be varied considerably with a 
supply voltage and t he type of the so lid ro tor con figuration under 
test. These results have brought out cl early the i nfluence of 
introducing the cage winding into the three designed rototS . The 
presence of the slots in the solid Iotors is shown to improve the 
machine performance. However, the presence of the c age winding in the 
solid rotor s is shown to have a significant in flue nce allover the 
motor performance. 

A comparitlve study of the no- load, and short c ir cuIt test 
presented for the three solid rotors were listed in Tables (2) 
Th~ se Tables contain and i ntroduc e the particular interes ting 
at starting and running l ight c ond1ti o ns for three levels of 

results 
to (4). 
values 
supply 



! I 

A.I1 . A./\ HIU SHAMHO T y H.M J.El-

,j .. , - -

' . 

.. , 

!lOll"" ,,_,) ~"h •••• 

------=----=--= ."h.~L .'1' 

" . 

j---ilO:::1!:;~~~~~~:::"""~ __ ::: 0.0 . )OIl 'UD I ..... .... . IfAClOIIC 51' 

'.' T------.::::::..---";.;,;~::'~.:1~.:,:,:,~.~ "" .. . 
:-:-:-:- ·"hf .. t ... ' 

" . 

" ..- ---,~;-;;--,;" 

Io--;Go ,10 Lft • • , .'" I IUCltlllt 51'1':£0 . 

lr-----~:::.---~ .. ~,~.~.~ .. ::.,'::;:;:;~, . I.' _ . n .. ~ . .. 
• n . ......... 

u j~~~~.,--" ,.. IWo I>~ Ij,OO 
" I.... •• ." . In r .• . m . ' . I WACIRlI E 

S.A.EL-Doeny 

" . • .. , 
", 

~ 

'" . . Po . , 

~ '. ')0 'O~l 

~--.-. -....- '. --.: .. -.......... . 
• .. .• ~,,-. • "'0--.. 

-I"j·"'t'l""~_~ 
.... -.. · 1 "')0":)00 .. WOLT T- ,!~ !(!nO •

f> • .2._ " 100 . . . ..... I .. r., ", . ' no IIAc!!nl! .., ,. 

J. 
u -

• -.U 

'0 .11" .... 
•-----------';.;,;";;; .. ::'>:::-:,,. I 

:-:-:-:- ~11"'" ~ ••• 



Hansour~ Engineering Journa! (MEJ) Vol. 16, No.2. Oec .1991 £o)') 

'.' , ------_ ._- ---
- _ __ .. 'II, e." 
_ ___ ~h~~ .... ,." 

.. 
-""'''' "-

-~ --~,-< 
'0 VOU

44
• ---:-:"~I - -. 

"L-;r-,,"-;,;;--;;,;;-= 1 ,.000 <ISO ' :.00 
NAClUIl r: Irr:w . In r" .... 

· '·'l;:--~------------·-l 
11 0 · 

.~ 

~ ~" .. . , .. 
____ .tl h.~1 <0. ' 

.. 
, u. 
>-, 
." 
~ ., 
~., 
o 

" 

__ .. Ilk . ',. 
_ . _ _ .,,1>0 .. , •• •• 

.:'" ''''.T 

;~~ ,::~~~ 
-~ 

---,;0 ~" '300 
NAC"'"!: sr r.r.n • In ....... 

uo .. ,--_______ -, 

110 

.!I 100 · - 130 YHI 

". e ~ • ~. I 10 YO['1 

!; ., 
~ » .. .. 10 you 

, 
1001) ")0 

,. 
-4 ·jto--~!o___;,;;_;~~ ,,, ..... " .. IIACIl It'f, srr;!;tI • , ,, r . ~ .'n 

Th. Itloct at Ch.n~ln~ th o ~hr"c.1 OI •• n.L on. 0 1 tho "ot., 
.114 th ••• Mu.b ... on th o ... d o • • • ncl Ch ... " h,htlc. to, TIo ... 
P,opo •• d I latt.d-Co q . ~oto , • . Th ' ' .. oo t k . d ~ato . en. I. P,O ­
vld.d 1o, Co. ~ . " . an . 



(.)6 A.R.A./\ IUN H. H.l.£l-S HA H U or Y S. A.[L - Orle lly 

voltage; 70, 110, and 130 volt . It is shown that, from locked rotor 
t est s at three const 2lnt-vo ltClge 50urce~, introducing the axial slots 
In CI solid rotor, increase s the peripher y path of the eddy curr en t 
[51 , thereby markedly reducing the effe c tI ve resistance and reactanc e . 
Consequently, the machine \JUl exhibit mo re zeductlon i n t hel c 
effective r esis tance and z eucta nce, when e ithe r the s IJoothed or 
sl o tted rotor 15 e quipped wi th cage ~lndlng. Accordingly, a high 
power-factor Is o btained, with high voltage, especia l ly with rotor NO. 
3. On the other hand, at reduced voltage, the power- factor for the 
unslotted rotor was high. However, it has be e n noticed that, with the 
no-load test, slotting the iron rotors implies ~n increases In 
magnetlsing current. Where, rotor No.2 with wide slots di mensions, 
req u ires an inc rease in magnetlslng current In compa r i son with rotor 
No . 3 , since the vide slot rotors require a d e finite value of 
m~qne t i .5 1ng f o r c e t o drLve the flux thr o ugh the tee th due to tl"le 
incr e a,ing In ra d Ial flux denslty. FUrthermor e, the pre3e nce of 
slotting In the rotor it~elf I ncrease s the effective aI r-gap whi Ch 
also requires additional m~ gnet151 ng amp e re-turns. Tables 2 to 4 
illustrate all the phenomena, whI c h have been explaIned. 

A compartlve study of the 1 0ad test re s ul ts pre-5ented i n Fig . (2} 
r evea ls tha t, the performa nce o f t he 32-slot machine was in te rRed lat e 
between the smoothed rotor and 40-s1 ot one. Ho reover, experimental 
e v i dence shows a var iation of the po~er- factor with speed, thi s 
variation being la rg e at v e ry low Slip . In add ition, a sign ificant 
improvement on the performance characteristlc~ with a cage wi nding is 
revP.aled. 

Fu rthermore, this inve s tigation indicates the 
redUCIng the s l o t width, with mainta i ning t he 
d i me nsions cons ta nt. Thus these investiga t ion enables 
of the s olid Lr o n rotor for a given stator frame. 

Iollil. J..ll 

Influp.:nce of 
teeth physIcal 

optimulII design 

The No-load and Short-circuit Results 
at Suppl y Volta ge / ph - 70 volt . 

Ro tor No. 1 Ro t or No. 2 Rotor No. J 

v ltho ut with .... I.t hou t with without \Jith 
cage cage ca g e cage cage cage 

Slip at n o- load 0.167 0.117 0. 187 0.193 0.187 0.117 
N.L. current 0.210 0.255 0.320 0.317 0.263 0.240 
S.C. cur re nt 0 .38 5 0.~60 0.555 0 . 540 0.510 0.575 
N.L. po wer factor 0 .629 0.5 32 0.547 0 . 50 7 0.597 0.565 
s.c. poye r fa c tor 0 .723 0. 11 7 0. 69 0 . 7U 0.728 0. 1)3 
Start i ng torquelNIIl ) 0.515 0.696 0.787 0.88 3 0.760 0.890 
S.C. reactance 125 .500 95.820 91.310 90.230 94.0 60 82 .830 
S. C. re sista nce 131 .56 0 118. 220 87.01 92.590 99.96 89.22 0 
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Lillo. LU 
ThO No-load . nO Short-circuit Results 

at Supply voltage/ph • 110 volt. 

Rotor No . 1 Rotor No. 2 Rotor No. 3 

... lthout ... lth IJlthout ... ith 10' i thout with 
cage cag e cage cage 

Slip at no-loa(j 0.060 O. 033 0.077 0.083 
N.L. current 0.300 0.505 0.440 0.'50 
s.c. current 0.730 0.870 0.970 1. 000 
N.L. power factor 0.485 0.476 0.413 0.404 
S.c. po .... er factor 0.697 0.689 0.656 0.682 
Starting torque(Nmj 1. 520 1. 912 1.760 2.130 
S.c. reactance 10a.OOO 91. 560 85.580 80.470 
s.C. resistance 105.060 87.200 7 4.400 75.000 

Ia.blJ:. ill. 
The No-load anO Sllort-clrcult Resulta 

at supply vol tage / ph • 130 vol t. 

RotOr NO . 1 Rotor No. 2 

.... lthout .... ! th 'Jlthout .., i. th 
ClIge caqe cage cage 

Slip at no-load 0.046 0.020 0 . 0 63 0 . 05 3 
N.L. current 0.352 0 .350 0,520 0.525 
S,C. current 0,930 1, 100 1 . 1 5 0 1 .nO 
N.L, power factor 0 . 437 0.395 0.355 0.370 
S.C. power fa ctor 0.6 76 0.6 79 0.679 0 . 692 
Starting torgue(Nm ) 2.133 2.570 2. 660 2.870 
S.C. reactance 101 .6 40 86.0 60 83.000 75.050 
S.C. resistance 95.970 81.000 16.7 50 72.000 

This paper beings out the effects of varylng 
dimension of the slotted rotor, as ~el1 as the effe c t 
cage ..,lndlng into the rotors on the machine pex formanc e 
experimental investIgation. A comparative study of the 
leads to some interesting conclusions. 

cage cage 

0 .077 0.053 
0.352 0,350 
0.920 1.000 
O. 490 O. 468 
0.697 0.730 
1.830 2.160 

86.340 75.180 
76.090 80.300 

Rotor No. J 

without with 
cage cage 

0.060 0.040 
0.430 0.4J..1 
1 . 100 1. 240 
0.430 0 . 424 
0.705 0.724 
2.900 2.990 

83.820 72.320 
83.310 75.900 

the physical 
of includIng 

through an 
test results 

IJ It is established that the provision of axial s lot on th e rotor has 
a considerable influence on the pp.rformance characteristics. 
Moreover, the c~ge 'Jindlng presents 1I further reduction in the 
rotor impedance and the current/speed and torque/speed cu~ves 
exhibit steeper characteristics for the same applied voltage. 
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2) As the rotor-tooth dimenston is kept constan t , t he magnet Isi n g 
CUt~ent required by a vider dlmens10ns o f the sl o tted rotor 
increases. Where the eff ect i v e air - gap for s uch ro t or Is increased. 
Ac cordingly, the pover-factor for this ca s e is l ove r tha n that o f 
t~e $ moothed solid rotor at lov slips, but lmpr ove ~ vith increasing 
slips. The addition oE the cage v1nding to the rotor provld~s a 
c onsiderable Improvement In the p over-fa c tor e specially wi th 
r o t o r No.3 . 

3) It Is notIced that, there 15 a further re('luctlon In the slip .... Ith 
the rotors equi~ped vith a squirrel cage winding i especially vith 
the smoothed rotor as the mechanical f r lctton 15 very s_al l. 

4) Fln~ lly, a bette r per f orma nce characteristics of the solid rotor Is 
obtalne~ by Increasing the pe r1 p hery path of the eddy current. 
Th e refo re, increasing the slot depth Is recommended vith high 
number of slots. Horeover, a s ignificant improvement on the machine 
performance 1 5 reveale d vhen the ca~e wIndlnq comes Into effect. 
Therefore, a cOMpromise between til e nu n ber o f slots, sl o t width, 
sl o t depth, and the cage vind ing becoms e ssentIal for optl~um 

d l!si gn . 
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