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To all whom it may concerre:

Be it known that I, ALBERT W. SMITH, &
citizen of the United States, residing at Wash-
ington, in the District of Columbia, have in-
vented a new and useful Improvement in In-
duction-Moetors, of which the following 1s a
specification. -

My invention relates to the squirrel-cage
type of windings; and its object 1s to prevent
lageing of the armature-current behind the
inducing magnetism,

With induction-motors having distributed
field-windings theinduective relation between
a squirrel-cage winding and the field-coils 1s
such that their respective currents should
mutually compensate or balance each other,
as in transformers, and the armature-current

~ought therefore to be in phase with the mag-

netism. As is well known, however, the ar-
mature-current lags abnormally, being sub-

ject both to great self-induetion and inferior
I have discovered that these .
defects are due to a canceling effect between
the parallel acting but unequal electromotive
forces in the several armature-bars; and my -
invention consists in preventing this cancel-

conductivity.

lation by electrically separating the adjacent
armature-bars from each other. To obtain

this result, I employ a plurality of end rings .
at each end of the armature and connect some

of the bar ends in pairs thereto, while other

bar ends are connected singly therewith.
-~ In the drawings herewith, Ifigure 1 isa dia-
grammatic end view of an armature embody-
Fig. 2 is a winding dia-
Iigs. 3 and 4 show modifi-
cations of my invention, and I'ig. 5 18 an ex-

ing my invention.
cram of Iig. 1.

planatory diagram.

Inall theviews the same characters refer to
like or corresponding parts.

a is the armature-core, wound with bars 2

-9 4, &,

45

50

b and b’ are end rings connecting the front
ends of the armature-bars, and ¢ and ¢’ are
rings joining the back ends of the bars.

d is the field-core, wound with coils e and f.

The cause and effects of lagging armature-
currents are explained by reference to ¥ig. o,
which is a diagram of a standard type of mo-
tor having a single bus-ring 0 at each end of
the armature, thus constituting the ordinary
squirrel-cage winding., While currentis pass-

| thereon, parallel acting electromotive forces

of unequal strength, as indicated by arrows
g, are induced in the armature-bars, the bars
4 and 12 having the greatest electromotive
forces, as represented by long arrows, and
adjoining bars having lesser electromotive
forces, as symbolized by shorter arrows. DBy
the law of parallel circuits having unequal
electromotive forces all of the inferior elec-
tromotive forces are canceled by the superior
electromotive forces of bars 4 and 12, in which
theentire currentthereforeconcentrates,thus
enabling its powerful magnetomotive force

| to set up the local self-induetive fields 2 and

cause abnormal leakage of the main fields, as
shown at 2. The immediate effect on the ar-
matare of the local field /i istoinduce a coun-

| ter electromotive force of self-induction (see

arrow z) in bar 4. The field » and counter
electromotive force x will increase until the
connter electromotive force & depresses the
effective electromotive force of bar 4 to parity
with the electromotive forces of bars 3 and 5,
when equal but badly-dephased currents will
flow through the bars 3, 4, and 5 in parallel.
Time is an important element in the equaliz-
ing process just described. It can therefore
occur only when the armature 1S at rest or
when moving slowly, as at starting. With
the armature in rapid motion, as per arrow p,
any given bar, as bar 4, can have the maxi-

{ mum electromotive forceand entire armature-

carrent for a very brief time only, each suc-
cessive bar as it becomes superior in electro-
motive force setting up its own self-inductive
field sand choking the current until the maxi-
mum point on the magnetic wave 18 reached,
when the working current, lagging by a quar-
ter-period, begins to flow in the bar or several
bars when very close together, which last had
the greatest electromotive force.

rent is erowded through a single bar of lim-
ited conductivity, thus permitting its mag-
netomotive force to act locally, causing ab-
normal current lag and the large resistance
losses which characterize the squirrel-cage
winding. So much of the main field as 1s
cenerated in the field-slot opposite the field
h is entirely blown back and caused to leak,
as per flux-line ¢, through the air-gap and
field-slot, as shown, and the only way to re-

ing through coils e and f, as per arrow-heads | duce this leakage 1s to decrease the amount

It 1s thus
| seen that practically the entire armature-cur-
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ceeding pairs of ends to dif
at the front alternate ends are connected

2

of field generated per slot by increasing the |

number of slots per pole. Some of the main
field is also caused to leak, as per flux-line 7.

Having briefly explained the defects of the
squirrel-cage winding, myimprovementthere-
in will now be explained by reference to Figs.
1 and 2.

At the front end of the armature alternate
single bars are connected to the same ring
and the remaining bars are connected to .the
ring b'. At the back end alternate pairs of
adjacent bars are connected to ring ¢ and the
remaining pairs are connected to ringc¢’. It
18 thus seen that at the front end adjacent
bars are clectrically separated from each
other and that at the back adjacent pairs of
bars are separated.
the ordinary squirrel-cage winding, Fig. 5,
but one set of bars (bars 4 and 12) can be
fully active. With the connections shown
in I'1gs. 1 and 2 there are four sets of bars
fully active at all times. In explanation of
this the current-paths of the several bars will
now be traced. |

The current of bar 4 flows through ring b’
to and back through bar 12 and through ring ¢
back to bar 4, "Thecurrent of bar 5 flows via
ring b to and through bar 13 and via ring ¢
back to bar 5.- The current-path of bar 3 is
through ring b to and through bar 11 and by
ring ¢ back to bar 3, and the current of bar 6
flows through ring 0’ to and through bar 14
and by way of ring ¢’ back to bar 6.

Thenumber of active bars per pole depends
upon the span of any two bars, as bars 2 and
6, connecting hoth at their front and back
ends to the same rings. It will be seen that
if an electromotive foree existed in bar 2 it
would, except when exactly equal to that of
bar 0, either cancel or be canceled by that of
bar 6, and the current is therefore limited to
four bars—viz., one of the spanning-bars, as
bar 6, and the spanned bars 3,4, and 5. It
1s thus seen that with two rings at each end

of the armature four fully active bars per

pole are obtained. This number will gener-
ally be sufficient. When more active bars
are desired, it is only necessary to use more
rings at the back end of the armature. In
I‘w 3 1is shown a bar- Wmdmﬂ' having three
back rings ¢, ¢, and ¢", thus 11"1::11{1111«'r the Clr-
cult-Span betweﬂn any two rings seven bars
and giving six fully active bars, as shown by
arrows. In Kigs. 1, 2, and 3 all theback ends
of the bars are paired—that is, two adjacent
ends are connected to the same ring and sue-
‘erent rings, while

singly to different rings. In Fig. 4 is shown
a modification having both single and paired
ends at each end of tlle m'mature the single
endsare, however, kept, eleetmcall} supara,ted
from the paired ends by connecting all the
single ends at the front to the same ring b/,
while all those at the back connect to the
same ring ¢ all of the paired ends at the front

connect to the same ring b, while at the back |

I have shown that W’ll}h |

686,152

succeeding palrs connect to different rings.
This construction is electrically equivalent to
that of Fig. 3, the circuit-span befween any
two rings being the sameand giving the same
number—viz., six-—of active bars, as shown
by arrows. | -

Having now fully explained my construc-
tion, it will be seen that each set of codper-
ating bars, as bars 5 and 13, Iligs. 1 and 2,
has practically an independent path, and no
interference can therefore exist between par-
allel acting but unequal electromotive forces,
and the armature-currents will therefore be
more nearly in phase with the induecing mag-
netism., Also since the current is not con-
fined to a single bar the conductive losses pe-
culiar to the squirrel-cage winding are obvi-
ated.

It will beseen that myinvention is charac-
terized by the employment of a plurality of
rings at each end of the armature, also by
connecting some of the bar endssingly to the
rings, while other ends are connected in pairg
thereto. 1 have also shown that all bars at
one end may be singly connected, while all
bars at the other end are paired, or, as in
Fig. 4, that the same result is obtained by
paired bars and single bars alternating at
each end of the armature. My invention is
therefore not to be narrowly construed; but

What I claim as my invention is—

1. The combination with the bars, or other
winding elements, of an induction-motor ar-
matuare, or secondary, of a plurality of end
rings at each end of the armature, for inter-
connecting the ends of said bars, to form in-
dependent current- -paths for acljacent bars,
as set forth.

2. The combination with the bars of an in-

duetion-motorarmature, of a plurality of end

rings at each end of the armature, some of the
bar ends being connected in pairs to said
rings, and the remaining bar ends being con-
nected singly therewith, as set forth.

3. The combiuation with the bars of an in-
duction-motor armature, of two rings at the
front end thereof, alternate bars connected
to the samering, and the remaining bars con-
nected to the other ring, two or more rings
at the back end of the armature, and pairs of
adjacent bars connected to said rings, suc-
ceeding pairs of bars being connected to dif-
ferent rings, as set forth.

4. The combination with the bars of an in-
duction-motor armature, of two rings at the

front end thereof, alternate bars connected
to the same ring, and the remaining bars con-

nected to the other ring, two rings at the back
end of said armature, alternate pairs of ad-
jacent bars connected to the same ring, and
the remaining pairs of adjacent bars con-
nected to the other ring, as set forth.

ALBERT W. SMITIIL

Witnesses:
WARREN C., STONE,
MAUDE M. ITARRISON.
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