SINOPSIS

The performsnce of Induction Machines with solid nild-etea
rotors is purely charscterized by the slectromagnetic itorgue
resuliing from the eddy currents in the rotor reacting with thof
inducing fiold of the stator. These eddy currents have a distri
bution and a definite depth 0f penetration beyond which the fiel
quantities are negligibly small. .% should, therefors, be of
gonsiderable interest toc exmmine mlasc the purformance of rotors
which are hollow, the wall thickness corresponding to nearly the
depth of penetration, Frinally, when the rotor is reduced to a
thin cylinder, the iron is highly satursted resulting in a unifcl
dlstridution of the flux density across the section and the magni
tising current for this situstion is extremely large. It is wori
sxamining the effeot of & web of magnetic meterial in reducing
the magnetising current.

The scope of the thesis is to examine the behaviour of
induotion saohine, (a) with solid rotors and (b) with hollow i
rotors with and without magnetic webs, when run ss & d.c. dynamic
trake or as an induction motor. For each class of machines both
types of rotor terminstions {1) without copper end rings, snd I
{(41) with copper end rings are considered. The development of
the subject matter is on the following lines:

1. The magnetic field distridution inside the rotor is

governsd by Maxwell's equationa, and the slsotric snd sagnetic _
properties of the saterial. The existing linear thnoritl(‘}(1°)§
for analysing ths perforsance of asolid rotor sschines have the i



serious limitations in that, they fail to account for both the
observed increase in loas and incresse in power factor for the
machine. Consequently, the snalyeis has to take acoount of the
non-linearity of the magnetisation characteristic of the nat-riai
of ths rotor. Mnthnds(zj (33,49, (11) are available, to take
account of saturation snd thene methods theoretically establish

the increass in power factor and loss due to saturation.

liowevaxr, no method ias avallable for experimentally veri-
fying the validity of these non-~linear theoriss in the aense of
sxparimentally detersining direotly the power faotor and the
squlvalent cirouit of the rotor. 7This ia s apecial feature of
this "hapter. Pexformance equations of the rotor worked both
as 2 d.c, dynamic brake and as an induotion motor are obtained
and applied to teat resulta.

2. For the study of hollow rotors, the existing linear th-grré
for solid-rotors requires considerable modifioation in view of 5
the faot that a definite velus of the magnetising force exists

ia the inner surface of the roter, the value inorsssing as the
wall thickness of the rotor deoressss. This han h.on_;ttt.pt.ﬁ.l
Furthermore, although the ourrent in the megnetising winding is
restricted to only one direction, 1% orsates & general two-
dimensional current density distributions in $he rotor in planes |
parallel $o the plane of the maghetizing winding. For such & :
situantion it is difficult to visualise the impedance of the rotor%
A new conoept of power faotor of the rotor is introduced leading ?
to expressions for bosh the power factor and the impedance. [
Next, to take s0oount of satursticn, the linear theory is applied |

\
:



to a rotor of definite wall thickness by choosing a suitulle value
of the permeability corresponding to the surface mmgnetizing fo:ce.
v this basis, performacnce oalowlations have been made znd coupared
aguinst test results.

3o 40 mooount for the effects of saturation, the performunce

of the hollow-rotor induction mmohine is anelysed by the following
mathode:

(1) the limiting non~linear thnuryts). and (1i) “the step-by~
atep graphionl comtmotionm). Theae are compared against test
results. The experimentsl tecnnique discussed in (hupter 1 has
now to be modified to take acoount of the sxistence of a Jdefinite
value of the magnstizing force on the inner surfaoce of the rotor.
The experisentsl results are sxtenaive and cover a range af.th'ick-
neases varying from 3/4* to 1/8" in ateps of 1/8". Ain overall
review of the investigations included in Chupters 1, 2 and 3,

bring out foraibly az impersant aspsot of the saturation phenomena.
OConzider, for example, the rotor powsr-~faotcr. For a solid-rotor,
that i», for the osne whsn the wall thiockness far exceeds the
depth of penstration of the flux, the linear theory does not predict
a povar faotor grester tham 0.707. ¥han the permesbility is chowen
a8 Al s ( -ﬁﬁ-)m y the sxperimentally observed powver fuctor
exceeds this valus. On the other hand, when the wall thickness

is decreased, the sxperimentally cbserved power faotor falls suork
8L that predicted by the linsar thesry for the corresponding
thickzness. A similar conclusion holds good for sll other quinti-
ties, namely torque e%c. The virtue of the non-linear msethods
rresented is that, that thay p_ruuct these quantities cver the
entire renge of thicknesses in ressonable conformity with the
test resulta.



4. 1t is obvicus from tha results of Shapter 3 that & large
masnetizing current exista for & purely hollow-rotor. Iin ordsr

to raduce this und ite undeulrable effects, a t-in wedb of mugnetio
materiul was provided in the holloﬁ region. An ilmprovement in
periormance is observed. .n analysis to toke sccount of the die-
continuity in the magnetic cilrcuit by the presance of the wed is
extremaly complicated, but un attempt im made to annlyse such

canen by extending the methodas Afacunsed in Chupters 2 and 3.

5 ~he Toregoing snaolyses for the prediction of the performance
have bLeen bused on gooumsd fileld distributicna und verified on

the baais of overall effecta in the form of torquo-upiod charao-
teriptios, ete. llowever, an experimentel detsrminution of the
digtribution of rield quuntities theszeelves ond their possible modes
of aitenustion will be of fund.mentsl importunce, but very little
progreygs has st far bson made along theage linoutllJ. # speoind
fenture of this Chapter 13 to determine these quantities sxperi~
mentally. tnough experimsental svidences are premesnted tO warrant
the conolusion that there is a real need to exsmine afresh the
problem of flux penetration in sagnetic cores wbiich would give an

insicht into the secondary effects odbasrved.




