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‘to be heated. shall contain a W

starting currents. In order, therefore, thet
iron and nickel may be used for.the purpose
above set forth it is necessary that they be
so proportioned that those portions that:ziei
sm

amount of inetal so that they will heat
quickly, and dt the same time, they must be

. of such short length that the total resistance
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will not be great enough to reduce seriously
the cfficiency of the motor.
1 have given my invention several prac-

" tical embodiments, some of which I show in
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the accompanying drawings. In these illus-
trative embodiments I make use of the re-
sistance element of the material specified,
portions of which are of very small cross
section, somewhat ribbon like or filament
like in shape, and the adjoini ortions
which may be of the same oru(;% gifferent
material are relatively massive and adapt-
ed for connection to the conductors of the
circuit in which the element is to be used.
By makin% these intermediate portions of
relatively large size, and the elements of
reduced cross section sufficiently short the
total running resistence of the rotor circuit
may be kept low, while the portions of the
relatively small cross: section are particu-
larly adapted to be rapidly heated, having
small capacity for absorbing heat, and for
the same reason as rapidly cooled.

Of the drawings;—Figure 1 is an end

elevation of the motor, the rotating element
of which is equipped with the device of my
invention. Fig. 2 is a side elevation of the

- rotor of this motor. Fig. 3.is o view in ele-

vation oh a somewhat larger scale than Fig.
2, to show the relation of the parts of the
starting device. Fig. 4 is a sectional view
on the line 10—10 of Fig. 1, showing one
construction of resistance element which I

have found desirable. Fig. 5 is a view in’

perspective of a portion of & rotor showing
a simplified form of my invention. Fig. 6
is a view similar to Fig. 4, of a slightly dif-
ferent mechanical arrangement. Fig. 7 is
a view of a portion of a resistance element
of slightly different form. Fig. 8 is a show-
ing of some curves which I have obtained
from actual tests upon metals which I use
‘according to my invention, and of other
metals which I found not suitable for use.
Fig. 9 is a diagram explaining the effect of
the resistance elements under running con-
ditions.

Referring particularly to Fig. 1, 10 des-
ignates the siator and 11, the rotor. The

rotor winding, as shown, 1s of the squirrel

_cage type, the resistance elements of my
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invention being inserted in one or more of
the short circuiting end rings. In the
case illustrated in Figs. 1 and 2 there
are two of these rings 12 and 12, on
cach end of the rotor although it will be
seen that one or a greater nunber than two

1,088,776 .

may be used if desired. A description of

-one of them will guffice, since all of them are

a.

The ring is made up of & central edge-
wise band of the materiel having the char-
acteristics above described, such as iron or
nickel, and spaced embracing members 13,
13’ of largér cross section than the ribbon

like band 12 and relstively massive-in form..

The members 13, 13" are identically slike in
form, and sre spaced in pairs one on each
side of the bans and riveted or. otherwise
attached thereto. From their outer-sides
project ears 15, 15" through which connec-
tion is made to the conductors i€ of the
rotor by.any suitable method. - ..

The portions 17 of the band 12 between

the members 13, 13’ sre of such dimension

a8 to eection and length as to be heated by
the starting currents of the metor to and
above the critical temperature valae. Upon
starting therefore, a very high resistance
is intarposed in the path of the current, and
the motor starts with high tirque. ﬁpen
rotation, however, the. current’ is cut: down
by the counter electro-motive force due to
rotation and the temperature; and.therefore
the resistance fells rapidly te its running
value, the normal full load current being
below the critical value. By virtus of the
enlarged . portions 13, 13" which may.be
made of a more conductive materjal than
iron or nickel if desired, the running resist-
ance of the device is kept as low as desired.

The double squirrel cage form shown in
Figs. 1 end 2 is particularly advantageous,
since with this type of construction fewer
resistances are in series-in any, giﬂm.cireuit
than when but a single squirrel cege is used.
It is to be observed that there are two re-
sistaiice. rings on each end of the roter and
that every second conductor 16 is connected
to the same ring. Generally stated, in this
embodiment of my invention I make use of
n rings on each end of the rotor, and convect’
every nth conductor to the same ring. It is
to be understood, however, that it is not
necessary to use several rings of the type de-
seribed on both ends of the roter, but all the
rotor bars at one end of the rotor may
connected to a short circuiting element ving
of the usual or any desired type.

In the embodiment of my invention shown
in Fig. 5, a slizht mechanical variation in
structure is disclosed, in which slternated
attenuated and massive resistance sections
are formed by a band 18 which abuts the
ends of the conductor bar 19, being held
thereto by the spaced massive sections 20,
suitable fastening devices, such as screws 22,
serving to hold the parts in position.

In Fig. 6 the same result is secured by
coupling the attenuated band 21 with the
massive lugs 22, spaced from one another,
the conductor bars 23 being secured by swit-
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able fastenings 24 wh.ch pass thim
ends of the conductor bars and into th
22, as shown.

In Fig. 7 the resistsnce element
as made up of integral and
ated and massive portions
ance ring the conductor bars may
in_any desirable mechanieal way.

I have found that iron under the high
temperature sometimes obtained, has a tend-
ency to oxidation and where high temipers-
turesare to be used 1 propose tocoat theiron
with a substance which does not resdils
oxidize at the temperatures to ke 'zseer{
Nickel i very much more resistent to oxida- |
tion; and is therefore » satisfactory rmaterial
to use as a coating. As niekel in comumon

-with iron possesses the charaeteristies [ have

found desirable, no bmpairment of the oper-
ating efliciency results from this expedient,
and the detevioration of the metal due o
oxidation is eliminsted. Tron alone may be
wed if the tempersture is not carvied to the
point of oxidation. o :
1 have shown diagravunatically wn ¥
a strip or bund of won eoacted with nich
as above described, it being understood that
this-structure may be embodied in sny of
the forms of resistance elements herein-
before deseribed. .
Referring to Fig. 8 it will be scen that
I have shown a number of curves. These
are resistance current ¢urves. The curves
numbered 1 and 2 ave resistance current
curves of iron and nickel vespectively. It
will be seen that st a-certain eritical carrvent
value these curves rise abrupily, incrensing
to o manifold value. Un the other hand re-

tosd ¥R

_ferfing t6 curves 8, 4 and 3, which are re-

spectively the curves for copper, magnesium
nnd aluminum, it will be seen that theve is
no such abrupt rise. 'The points at which
these curves terminate represent softening
or melting points of the mets] beyond which
1t is impossible to make usge of them fof th

obvious reason that their zfliciesey i de-
point of
it

2

stroyed long before the desired

critical current value hes been reached, I
is to be noted thet the curves 1 snd 2 for
iron and nickel do not reseh the melting
point until long after the abrapt rise in re-
sistance has taken place.

As stated ‘st the outset, these slements,
which are adapted fo have & high ¢
at starting afid a relatively low resists
under runnsg conditions, are to be left per
manently in civenit. This is important, nat
alone for mechanieal simplicity, bur more
especirlly because of the improved power
factor which they impart to the motor. The
reason for this improved power factor mauy
be readily seen by reference io the diagram
in ¥ig. 9. Here the parailel lines represent
the divection of-the magmetic figld :

instant, and the curved arrow 18

13y 112
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st siightly lower speed. The conductors ¥a
will, fherefore, heve induced in them an
eleciromotive foree which is of thy fre.
quency of ship, and which is approcimately

vwave, in phase with-the resaltent
etisn, If mow the resistanss i% foit-
ity a8 ig psually the cem, the eurrent will
2 o gine wave and the resultant sy
otive force of the roloy ewrvents wiil
7 be in space quadrature with, ihe
howover, the resistance elemuents gp
baving low hest inertia are kept perms-
uently in the cireuit, the vesistence will pul-
sele under the passage of the alternabing
current, this pulsation being sugmented Ly
the low frequeney of the slternating current. &5
it is obvicus that the resistance is lower
daring the first quarter of the current wave
ng the second gusrter, since the
umuiative se long as the
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sy s mean value
proximutely speaking. It follows, there
fore, thut the cuveent in these bars that are
sppromching the middle point or axis of
the fleld will carry lerger currents than
; rich, have passad this mean gg
position. The resultant miagnetomotive force
£ the rotor currents will thersfore have o
cothponent in phase with the main mag-
netiam, and the effect is similar to that of
s leading current in the votor. The rotor 180
currents can therefore be made {o supply
& part or ell of the magnetism of the motor,
thus relieving the primary winding of the
corresponding portion of the exciting cur-

rent gnd hence raising the power factor of 3eg

the ‘motor. Further, this transference 67
the exciting curvént from the sintor io the
velstively low resistance rotor incresses the
sfficiency of the motor,

An appreciable time s taken for the re-
istance to rize, ns showsn, on the curves 1
nd 2 time in very sdvantageous
y desirable that » high torgue
¢ suddendy but gradually.
13ve shewn and deseribed the
my invention now known to
ire to have Ut understond that many
odifications may be mads by thosz
in the ert without departing in suy-
the generic spirit of my inven- g

seiosed herein. Further I desire
over In the annexed clai ]
fications thaf coms within the
invention,
us dascribed the invention what zas
new s )
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cage inding comprising a resistance ele-
ment characterized by an abrupt rise of re-
stefanee at a critical current value. o

2. In an induction moter of the squirrel
ciere Lype,-conductor bars, and & short cir-.
cutting deviee perianently “connected in
cirenit with the conductor bars of the squir-
rel cage winding, said device comprising 2

vesistanee element having portions of re-

duced eross section 'of a material having a
positive temperature coeflicient of resistance
and a resistance curve characterized by an
abrupt rise of resistance at a critical cur-
reut value, and so proportioned that the
starting currents of the motor are above the
eritical current’ value and the normal load
currents of the motor ave below the critieal
current value.

3. In an induction motor of the squirrel
cage type, conductor bars, aud,a short cir-
cuiting device permanently eonnected in cir-
«uit with the conductor bars of the squirrel

winding, said device comprising a re-
sistance conduetor of a material having a
vesistance curve characterized by an. abrupt
rise of resistance at a critical value of rig-
ing current and so proportioned as that the
starting currents of the motor are above the.
critical current value and the npormal load
currents of the motor are below the critical
current value. ; S

1. In an induction motor of the squirrel
eage tvpe, a short eireuiting device perma-
nently conneeted in circuit with the dondue-
tor bars.of the squirrel cage winding, said’
deviee comnprising a resistance conductor
having - portions which are alternately at-

{enuated and massive in cross section and

of a material having a resistance curve

charicterized by an abrupt rise of resistance

al - critical current. value and so propor-
tioned that the starting currents of the mo-
tor are sbove the critical curreat value and
the viormal load currents of the motor are
helow the critical current value. ’

5. Tu an induction motor of the squirrel,
cage type, conductor bars, and a short cir-
cuiting device permanently connceted in cir-
cuit with the conductor birs of the squirrel
cage winding, sald devica comprising a re-
sistance conductor -having portions which

~are alternately attenuated and massive in

55

“eross section, said attenuated  portions be-

ing of a material having a resistance curve
characterized by an abrupt rise of resistance

b a critical current value and so propor-

““tioned as that the starting currents of the

60

motor, are above the critical current value
and the novmal load currents of the motor
are below the eritical current value.

¢. In an induction motor of the squirrel
cage type, conductor bars, and a plurality
of short cireutting devices permanently con-
nected in cireuit with the conductor bars of
{he squiveel cage winding, cach of which

1,038,776

has porﬁons of 'relatively low resistance con-

ance, said portions of high resistance being
characterized by an abrupt rise of resistance
at a critical value of current:and so pro-
portioned that the said critical value of cur-
rent will lie between the starting current and
the normal load current of the motor.

7. An induction motor; of the squirrel
cage type having conductor bars, two or
wore short eircuiting end rings on its mo-
tor, portions of which rings are alternately
attenuated and massive in cross section, and
permanent connections between one series
of conductors of said rotor and one of said
rings, and' like permanent connections be-
tween the other series of said conductorsand
the other rings. : G

8. An induction motor, of the squirrel
cage- type having conductor bars;. two or
more short circuiting end rings on said

attenuated and massive in cross section; per-
inanent connections between one series: of
conductors of said rotor and one of said

ing a_relatively high positive temperature
voeficient of resistance, and a temperature
current curve - characterized by an abrupt

‘véht value which lics between the. starting

motor. - i E R
9. An induction ‘motor, of the squirrel

wore short ' circuiting . end rings on. said.
rotor, said rings having alternated attenu-
ated and massive portions of which the at-
tenuated portions are of a material having a
high positive temperature coeflicient ‘of re-
sistance, and a femperature current curve
chavacterized by an abrupt rise of resistance
al a certain critical current value which lies
between the starting current and the nocinal

pitch or less being permanently connected

larly connected to others of the said rings.

10. A short circuiting end ring for induc-
tion motors comprising an edgewise thin
band of material having a- temperature re-
sistance curve characterized by an abrupt
rise of resistance at a defined critical value
of current, and spaced connecting portions
of relatively greater cross-section adaptec
to be connected tothe conductors of the rotor
winding.

11. A short-circuiting end ring for induc-
tion motors: comprising an cdgewise thin

band of material having a temperature re-

rotor having porticns which are alterndtely

rings; and like permanent connections be-,
tween the other series of said conductors and
the other rings; said ring portions of re-
duced cross section being of a material hav-’

-rise of resistance at a certain critical cur--

current and the norinal load current of the.

age type having conductor bars; two o

load current of the motor; a series of rotor:
conductors spaced approximately one pole. - .
‘115
io one of said rings; and other series of -
rotor conductors similarly spaced and simi--

nected by portions of relatively high resist- -
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sistance curve having ar abrupt rise of re-
sistance at a defined ecritical value of tem-
perature, and spaced connecting portions of

- relatively greater cross section adapted to

10

i5

20

be connected to the conductors of the rotor
winding.

12. A short-circuiting end ring for induc-
tion motors comprising a band of material
having a temperature resistance curve char-
acterized by an abrupt rise of resistance at
1 defined critical value of current, said band
having alternated atfenuated and massive
portions.

13. In an induction motor, a resistor com-
prising a material having a resistance cur-
rent curve characterized by an abrupt rise
of resistance at @ critical current value, and
a coating on said conductor of a material
substantially non-oxidizabie at the tempera-
ture reached by the body of said resistor
under the normal starting currents of the
motor.

14. In an induection motor, a resistor com-

prising a material having a resistance cur-

rent curve characterized by an abrupt rise
of resistance at a eritical current value, and
a coating on said conductor of a material
having a similar characteristic resistance
current curve and substantially non-oxi-
dizable at the temperatures reached by said
resistor under the normal starting currents
of the motor.

153. In an inducticn motor, the combina-
tion with a secondary winding; of resist-

S

ance elements permanently connected in cir-
cuit therewith, and comprising conductors
of a magnetic material characterized by an
abrupt rise of resistance at a critical cur-
rent value and so proportioned that the nor-
mal starting currents are above this critical
current value and the normal full lead
currents below said critical current value.

16. In an induction motor, the combina-
tion with a secondary winding; of resist-
ance elements permanently connected in cir-
cuit therewith, said resistance elements com-
prising conductors of iron, said conductors
being so proportioned that the normal start-
ing currents are above the critical current
value and the normal full load currents be-
fow the critical current value.

17. In an induction motor, the combina-
tion with a secondary winding; of resist-
ance elements permanently connected in cir-
cuit therewith, said resistance elements com-
prising conductors - of iron coated with
nickel, said conductors being so propor-
tioned that the normal starting currents are
above the critical current value and the nor-
mal full load currents below said critical
current value.

In testimony whereof T have hereunto set
my hand in presence of two subscribing wit-
nesses.

BURTON McCOLLUM.

Witnesses:

Awrruur L. Bryvaxy
G. M. Stucker.
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