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PERFORMANCE CHARACTER{STICS OF A SLOTTED-CAGE SOLID ROTOR
THREE-PHASE INDUCTION MOTOR WITH CONSTANT-VOLTAGE SOURCE

(EXPERIMENTAL INVESTIGATION)
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BSTRACT:

The performance characteristlics of a new form of a so0lfd rotor,
three-phase lnduction motor has beesn investlgated. Fox this purpose,
three differently slotted rotors were designed, and successively
examined In the rotatlng fleld of a 36-stator slote. These rotors
having noslot, 32-slot, and 40-slot. Cowpaxing the performance of
these rotors with and without cage wvinding, brought out c¢learly the
Influence of the varlous parameters that affect the pexrformance of a
slotted-cage Induction motors. These parameters are the slot wldth,
the slot depth, the slot numbers, and the saturatlon 0f the magnetic
material.

It 1s notliced that the performance characterlstlcs for a 40
slotted-cage 1Inductlon motor have been \Improved conslidexably 1in
comparison with the other two xotors. With this slotted-cage rotox the
improvements are observed allover the torque/speed, and poverfactor/
speed characteristics. Thus, these Investigations enable optimum
design of the slotted-cage rotor for a glven stator frawe.
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1. INTRODUCTION:

Interest has arlisen for many years in the operating charac-
teristics of the solid rotor three-phase Induction motor ; notably
with reference to starting and running performance. These motors show
a useful yreductlion 1In the starting current, but the accompanled
reduction in perxrformance characteristics at rated wvoltage, owing ¢to
the Inherent high resistance, s generally unacceptable (1, 2]. 1In
additlon, these motor suffer from the disadvantage of low power-factorxr
and hligh slip vhen operatlng under full-load condlkions. Technlques
such as the fitting of copper end plates (3] or the mactining of deep
radial sllts In the xrotor surface (4] were Introduced for relleving
these problems, but they do not present entlrely a satlsfactory and
practical solution.

Therefore, the authors have suggested to introduce the concept of
the cage winding with elther a smoothed or toothed solid lron rotors.
The cage winding has been Eitted Iinto the so0lid iron rotor. Such
configuration s denoted as & slotted-cage rotor. The analysis of this
configuration from the fileld point of view 1Is essentlally a three-
dimensional problem ; where the presence of slots alters the solld
rotor magnetlic properties, while the cage winding changes its electric
properties. The field solution of the slotted-cage rotor conflgura-
tion considering the effect of the slot depth, slot width, slot
number, finite rotox length, and the nonlinearity of the materfal 1s
very complicatted. Thexefore, In oxder to Dbring cut clearly the
effects of varlation in the physlcal dlmensions of the slots and their
numbers on the machine performance, three different rotors have been
designed@ and tested. In addition, LUthe saturation effect has been
consldered by recording the almed results at three 1levels of supply
voltage ; 70, 110, and 130 volt. Moxeover, each of the three solld
rotor has been equipped with a cage winding, in oxder to give an
Insight into its effect on the performance of the solid rotor
Induction motor.

2. THE SPECIFICATION OF THE PROPOSED ROTORS DESIGN:

The relatively high resistance of a solid iron rotor, compared
wlth a laminated cage rotor, reduces the pezformance characteristlcs
at rated voltage. The performance of 3 solld rotor Induction motor in
these respects can be Iimproved consliderably by fntroducing a
conventlonal squlrrel cage windlng. Such slotted cage xtotor may
exhiblt a more advantageous variation of effective Impedance during
running operatlon. The behaviour of the proposed slotted-cage rotor
dlffers conslderably as the terminal voltage wvaries. At reduced
terminal voltage, the ocuter iron shell is designed to be of suitable
thickness to carry the flux as the slotted-cage rotoxr will exhibit a
soljd rotor characteristics. However, at higher terminal voltages, the
flux penetrates deeply into the inner surfaces and 1links with the
squirzel-caqge winding. Therefore, the cage winding comes Into opera-
tion and the deslired reduced resistance is achieved. Accordingly, a
better performance would be exhibited by the slotted~cage rotor.
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To verify these laportant knowledge three rotors are desligned with
different physical dimensjons to reveal the Influence of each of the
slot depth, slot width, slot humbers on the machine performance. In
addition, the effect of introducing the cage winding into these rotors
has been lllustrated. A proto-type inductlon motor, rated at 1.5 kv,
4-pole, 36-stator slot, 3-ph, 450 turns per phase, demonstrated the
achievement of the predlicted performance with each solld iron rotor.
The rotors specifications are ' glven in Table ().

~ Table (1)
The¢ Proposed Rotoxs Speclfications

Rotor Rotor Rotor

Name No. 1 No. 2 No. 3
Rotor Dlameter (D) 104 104 104
Alr-gab Length 0.3 0.3 6.3
Effective Rotor Length (L) 54 54 54
Number of 8paced Slots (8§) S0 32 40
bepth of Slots 0 6 S
width of Slots 0 5 3
Wwlath of Teeth ! 0 5.2 5.2
Mean Dlameter of End Ring 8¢ 68 68
End RIng Thickness 8.5 8 8
(copper) (aluminian)
Number of Cage Bar 12 12 12
Diametexr of each Barx 8 8 8

AlL the dimenstions are (n millimelers.
3. EXPERIMENTAL RESULTS AND RISCUSSION:

Experiments wvere c¢onducted to measure and to pregict the
perxformance characteristics of the three s0lid rotors induction motor
at straxting and running condltions. Load, no-load, and short-cirult
tests were carried out almed zt the measurment of the Input pover, and
the 1nput current and to predict Lhe torque, and power-factor at
variocus speeds for three levels of supply voltage. These results wvere
given for three Adilfferent rotors either equipped with cage wvwinding
arranged lnto the solld rotor, or with no cage vlnding. The results of
these tests, Filg. (1), have shovn to be varied conslderably with =&
supply voltage and the type of the s0lld rotor conflguration under
test. These results have brought out cleaxly the Influence of
introducing the cage winding Into the three destgned rotovs. The
presence of the slots {n the solid rotors is shown to {mprove the
machine performance. However, the presence of the ctage winding in the

solid rotors is shown to have a slignificant influence allover the
motor performance.

R comparltive study of the no-load, and shoxrt circult test resulcts
presented for the three solid rotors were listed in Tables (2) to {(4).
These Tables contain and introduce the particular interesting values
at starting and running 1light conditlons for three levels of aupply
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voltage ; 70, 110, and 130 volt. It is shown that, from Jlocked rotor
tests at three constant-voltage sources, introducing the axlal slots
in a s01id rotox, increases the periphery path of the eddy current
[5), thereby markedly reducing the effective resistance and reactance.
Cconsequently, the machine wi{ll -exhlbit more reduction in thelr
effective resistance and reactance, when elther the smoothed ox
slotted rotor is equipped with csge winding. Accordingly, a bigh
pover-factoxr is obtalned, with high voltage, especially with rotor No.
3. On the other hand, at reduced voltage, the power-factox for the
unslotted rotor was high. However, it has been noticed that, with the
no-load test, slotting the 1iron rotors Implies an Iincreases |In
magnetlsing current. Where, rotor No. 2 with wide slots dimensions,
requires an increase in magnetislng current in comparlson with rotor
No. 3, since the wvide slot rotors reguire a definite value of
magnetislng force to drive the flux through the teeth due to the
fncreasing In radial f£flux density. Furthermore, the presence of
slotting In the rotor itself increases the effective afx-gap which
also requires additional magnetising ampexe-turns. Tables 2 to 4
illustrate all the phenomena, which have been explalined.

A compartlive study of the load test results presented in FPig. (2}
reveals that, the performance of the 32-slot machine was Intermediate
betwveen the smoothed rotor and 40~slot one. Moreover, experimental
evidence shows a wvariation of the powvex-factor with speed, this
variatlion being large at very low slip. 1In addition, 3 significant
improvement on the performance characteristice wlth a cage winding |Is
revealed.

Farthermore, this 1investligation jindicates the intlvence of
reducing the slot wldth, wlith wmaintaining the teeth physical
dimensions constant. Thus these investigatlon enables optimum design
of the solid tron rotor for a gliven stator frame.

Table (2)
The No-1load and Shoxt-~clrcult Results
at Supply Voltage/ph = 70 volt.

Rotor dNo. 1 Rotor No. 2 Rotor No. 3
without with without with without with
cage cage cage cage cage cage
Slip at no-load 0.167 0.117 0.187 0.193 0.187 0.117
N.L. cutgrent 0.210 0.255 0.320 0.317 0.263 0.240
S.C. currxent 0.385 0.460 0.555 0.540 0.510 0.575
N.L. power factor 0.629 0.532 0.547 0.507 0.597 0.565
S.C. pover factor 0.723 0.777 D.69 0.714 0.728 D.733
Starting toxque{Nm) 0.515 0.698 0.787 0.883 0.760 0.890
S.C. reactance 125.500 85.820 91.310 390.230 94.060 82.830
§.C. resistance 131,560 118.220 87.01 92.590 99.96 89.220
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Tahle (3)
The No-load and Short-circuit Results
at Supply Voltage/ph = 110 volt.

Rotor No. 1 Rotor No. 2 Rotor No. 3
wvithout with without with vithout with
cage cage cage cage cage cage
Slip at no-lo3d 0.060 0.033 0.077 0.083 0.077 0.053
N.L. current 0.300 0.505 0.440 0.450 0,352 0,350
S.C. current 0.730 0.870 0.970 1.000 0.920 1.000
N.L. powver factox 0.48% 0.476 0.413 0.404 0.490 0.468
S.C. power factor 0.637 0.689 0.656 0.682 0.697 0.730
Starting torgue(nm) 1.520 1.912 1.760 2.130 1.830 2.160
$.C. xeactance 108.000 91.560 85.580 80.470 B6.340 75.180
5.C. resistance 105.080 87.200 74.400 75.000 76.090 80.300
Table (4)

The No-load and Short-cfircult Results
at Supply voltage/ph = 130 volt.

Rotor No. 1 Rotor No. 2 Rotor No. 3
without vith without with withaut with
cage caqe cage cage cage cage

8l1ip at no-load 0.048 0.020 0.063 0.053 0.0690 0.040
N.L. cuxrrent 0.352 0.350 0.59520 0.525 0.430 0.4)7
§.C. current 0.930 1.200 1.150 1.250 1.100 1.240
N.L. powexr factor 0.437 0.335 6.355 0.370 0.430 0.424
5.C. power factor 0.676 0.67% 0.679 0.692 0.705 0.724
Starting torgue(Nm) 2.133 2.570 2.660 2.870 2.900 2.990
§.C. reactance 101.640 86,060 83.000 175.050 83.820 22.320
§.C. reslstance 895.970 81 76 83.310 75

-.000 .7506 72.000

.900

4. CONCLUSION:

This paper brings out the effects of varying the physical
dimension of the slotted rotor, as well as the effect of includling
cage winding into the rotors on the machine performance ; through an
experimental investigation. A comparative study of the test results
leads to some interesting conclusions.

1) It is establlished that the provision of axtal slot on the rotor has
a conslderable 1influence on the performance characteristlics.
Moreover, the cage winding presents a further reduction (n the
xotor impedance and the currxent/speed and torque/speed cuxves
exhibit steeper characteristics for the same appltied voltage.
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2)

3}

As the rotar-tooth dimension {s kept constant, the magnetising
cucrent requlred by a wvider dimensions of the slotted rotox
Increases. Where the effective alzr~gap for such rotor is increased.
Accordingly, the power-factor for this case is lower than that of
the smoothed 50113 rotor at low slips, but improves with increaslng
slips. The addition of the csge winding to the rotor provides 3
considerable improvement in GChe pover-factor ; =especially with
rotor No. 3,

It {3 notlced that, there 13 a further reduction in the slip with
the rotors equlpped with a squlirrel cage winding ; espectally with
the smoothed rotor as the mechanical frictlion ls vexy small.

4) Flnally, a better performance characteristics of the solid rotor ls
obtained by increasing the periphery path of the eddy current.
Therefore, Increasing the slot depth 43 recommended wilth high
number of slots. Moreover, a significant improvement on the machlne
performance 18 revealed when the caage winding comes into effect.
Therefore, a compromise between the number of slots, =2lot width,
s)ot depth, and the <cage winding Dbecoma essentlal for optimum
design.
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