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starting currents. In order, therefore, that 
iron and nickel may be used for the purpose above set forth it is necessary that they be 
so proportioned that those portions that are 
to be heated. shall contain a very small 
amount of metal so that they will heat 
quickly, and it the same time, they must be 
of such short length that the total resistance 

0. 

will not be great enough to reduce seriously 
the efficiency of the motor. 

I have given my invention several prac 
tical embodiments, some of which I show in 
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according 

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 g E. 
material are relatively massive and adapt 
ed for connection to the conductors of the 
circuit in which the element is to be used. 
By making these intermediate portions of 
relatively large size, and the elements of 
reduced cross section sufficiently short the 
total running resistance 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 a view in ele 
vation on 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. e perspective of a portion of a 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 

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 stator and 11 the rotor. The 
rotor winding, as shown, is 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 
each end of the rotor although it will be 
seen that one or a greater nut ber than two 

Fig. 5 is a view in 

103,776. 

may be used if desired. A description of 
one of them will suffice, since all of them are 
alike. 
The ring is made up of a central edge 

wise band of the material having the char 
acteristics above described, such as iron or 
nickel, and spaced embracing members 13, 
13 of larger cross section than the ribbon 
like band 12 and relatively massive inform. 
The members 13, 13 are ideatically alike in 
form, and are spaced in pairs one on each 
side of the R and riveted or otherwise 
attached thereto. From their outer sides 
project ears 15, 15 through which connec 
tion is made to the conductors i6 of the 
rotor by. any suitable method. . . . . 
The portions 17 of the band 12 between 

the members 13, 13' are of such dimension 
as to eection and length as to be heated by 
the starting currents of the motor to and 
above the critical temperature value. Upon 
starting therefore, a very high resistance 
is interposed in the path of the current, and the motor starts with high tirque Üpon 
rotation, however, the current is cut down 
by the counter electro-motive force due to 
rotation and the temperature, and therefore 
the resistance falls rapidlyte its running 
value, the normal load current being 
below the critical value. By virtue of the 
enlarged portions 13, 13 which may be 
made of a more conductive material 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 and 2 is particularly advantageous, 
since with this type of construction fewer 
resistances are in series in any givia circuit than when but a single squirrel cage is used. 
It is to be observed that there are two re 
sistance rings on each end of the rotor and 
that every second conductor 16 is connected 
to the same ring. Generally stated, in this 
embodiment of my invention I make use of 
a rings on each end of the rotor, and connect 
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 
scribed on both ends of the rotor, but all '. 
rotor bars at one end of the rotor may 
connected to a short circuiting element ring 
of the usual or any desired type. 

In the embodiment of my invention shown 
in Fig. 5, a slight mechanical variation in 
structure is disclosed, in which alternated 
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 frota one another, 
the conductor bars 23 being secured by suit 
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able fastenings 24 wich pass thisaiga the 
ends of the conductor bars aid is to is 3:gs 
22, as shown. 

in Fig. the resistance elenaeat is si gy: 
as made up of integra and spaces attest 
ated and massive portions to which resis 
ance ring the conductor bars missy be seeared 
in any desirable nechanical ty. 

I have found that iron under the nigh 
9 tenaperature soinetirnes obtained, has a tet. 

ency to oxidation and wihere high teipers 
tires are to be used propose to coat the iron 
with a substance which does not readily 
oxidize at the teaperatures to he risis. 

5 Nickel is very Inteh fore resisteni, is oxida 
tion, and is therefore a satisfactory rasterial 
to use as a coating. As nickel in coastaoa 
with iron possesses the characteristies hase 
found desirable, no in pairnest of the oper 20 ating efficiency results from this expédient, 
and the deterioration of the metal due to 
i)xidation is eliminated. Iron alone raisy ix. 
used if the temperature is not carried to its 
point of oxidation. - 

25 i have shown diagratinatically in Fig. 4 
a strip or bard of iron coacked with hicci 
as above described, it being usaderstood that 
this structure may be enhodied if smy of 
the forfias of resistance essents hereiya 

se before described. 
Referring to Fig. 8 it will be seen that 

I have shown a number of curves. These 
are resistance current carves. The curves 
numbered 1 and 2 are resistance cirrest 

35 curves of iron aid tickel respectively. It 
will be seen that at a certain critical current 
value these curves rise abruptly, increasing 
to a manifold value. On the other hand re 
ferring to curves 3, 4 and 5, which are re 

40 spectively the curves for copper, ragnesia in 
and aluminum, it will be seen that there is 
no such abrupt rise. The points at which 
these curves terminate represent softening 
gr melting points of the metal beyond which 

45 it is impossibie to make rise of thern for the 
onvious reason that their efficiency is is 
stroyed long before the desired point of 
critical current value ass see reacies, 

50 iron and nickel do not resci the meltiig 
point until long after the aeriapi rise is re sistance has taken piace. 
As stated at the attset, these ceihei is, 

which are adapted to have high re 
55 at starting and a relatively oy it 

under runnisig conditions, are to be left per 
Hiaaently in circuit. This is important, at 
alone for mechanical simplicity, but it: 
especially because of the in proved power 

33 factor which they impart to the motor. 
reason for this improved power factor Iaizy 
be readily seen by reference to the diagrari 
in Fig. 9. iiere the parallel lines represert. 
the direction of the magitatic field at a fiy 

6s instant, and the curved firrts w 3, the disse 

the Bataa direction as the ma; 

the motor. 

lisi rot 3iri gf this field. It is under 
t&t ::itier noritial load for:ditions the 

citors is of the rotor are rotating in 
etic field at 

at sightly lower speed. The conductors 
witi, hers fore, have induced in these in 
electroactive free which is of the fire, 
gier-cy of slip, a fid which is appregitiately 
a size v7s, e, in phase. witi (he resist 
ritisgaetissa. Åfio; the registree is a 
start, as is usually the case, the current will 
Slso be a site wave aad the resuitant sig 
retaiaotive force of the rior currents vil 
bviously the in space quadrature with the 

fix, ii, hive's r, the resistanice eitsraete is having for heat iaitia are kept pering 
isentiy in the circuit, the resistence will pull 
S&te usier the passage of the alternating 
crisis, this guists tier being augmexated by 
h9 low freqties,gy of the siternating carresai. ss 
t is olyios list the resistance is lower 

: the first qug rter of the current wave 
Second quarter, since the 

a :53atiative is loyag as the square 
& reini is anoy" its Bear, waite, ay- e.g. 
peoxiliately speaking. It follows, there 
fore, that the crisii is these ea's that are 
priching the saiddie point or axis of 
it fied will carry larger currets than 
egg is is which, tave passed this near ges 

ositica. The resultRitagnetoiaotive force 
the rotor carrets will therefore asaye is 

corrisoneat in phase with the main raag. 
reisa, and the effect is similar to that of 
s: heading carrent in the rotor. The rotor see 
carrents can therefore be made to supply 
a part of all of the as getism of the actor, 
thus relieving the priinary winding of the scorresponding portion of the exciting car 
rent and hence reising the power factor of ges 

Further, this transference of 
the exciting current frona the stator to the 
relatively lore resistance rotor increases the 
efficiency of the motor. 

...ii appreciaisie finae is taken for the re- Sig 
ite to 3rise, ss shows, on the curves 1 

his time is very fivaitageois 
ery desirable that a high irritae lied said deaty teat gradually. 
have shows aid described the ags 

s of iny invention now known ty 
ae, desire io have it understood that pay 
other modifications lay he made by those 

in the art without departing in sity 
sise fro: he generic spirit of my inven Egy 
it as disgiosed herein. Further desire 

- is tie annexed caias a grici 
(difications tist come Yithin the generic 

4. investie. 

a virag has discribed the investion was ig 
scia ified as nev is :- - 

1. In a iidaction motor of the squirrel 
type, coincitictor bars, aid it short cir 

ice permanently coinacted in cir 
it condaetoriars (if the stirrel iss 

s d 

- 

  



4. 

3. 

20 

30 

35 

40 

45 

50 

f 

cage wilding connprising a resistance ele 
it at characterized by an abrupt rise of re 

sistace at a critical current value. , - 
2. In an induction motor of the squirrel 

('ire type, conductor bars, and a short cir 
(iiiting device peruanently connected in 
circ; it with the conductor bars of the squir rel cage winding, said device comprising a 
resistance element having portions of re 
itect cross section of a material having a 

positive tenerature coefficient of resistance 
act a resistance curve characterized by at 
abrunt rise of resistance at a critical cur 
rett valuc. and so proportioned that the 
starting currcants of the motor are above the 
('ritical currett value and the normal load 
{: 'rents of the notor are below the critical 
current value. 

3. In an induction motor of the squirrel 
care type, conductor bars, and a short cir 
cuiting device permanently cofaected in cir 
“it with the conductor hars of the squirrel 
cage winding, said device comprising a re 
sistance conductor of a naterial having a 
resistance curve characterized by an abrupt 
rise of resistance at a critical value of ris. 
ing current and so proportioned as that the 
starting currents of the motor are above the 
critical current value and the normal load 
currents of the motor are below the critical 
(treat value. 

1. In an induction motor of the squirrel 

iO38,776 

lias portions of relatively low resistance con 
Ilected by portions of relatively high resist 
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 
utore short circuiting end rings on its mo 
tor, portions of which rings are alternately 
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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 conductors and 
the other rings. . . 

8. An induction motor, of the squirrel 
cage, type having conductor bars; two or 
more short circuiting end rings on said 
rotor having portions which are alternately 
attenuated and massive in cross section; per 
inanent 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 conductors and 
the other rings; said ring portions of re 
duced cross section being of a material hav ing a relatively high positive temperature 
coefficient of resistance, and a temperature 
current curve characterized by an abrupt 

("age type, a short circuiting evice perma-rise of resistance at a certain critical cur 
nently coalected in circuit with the conduc 
tor bars of the squirrel cage winding, said 
device comprising a resistance conductor 
having portions which are alternately at 
tenuated and massive in cross section and 
of a material having a resistance curve 
claracterized by an abrupt rise of resistance 
at a critical current value and so propor 
tions'd that the starting currents of the no 
to are above the critical current value and 
the riormal load currents of the motor are 
felow the critical current value. 

5. It an induction motor of the squirret. 
cage type, conductor bars, and a short cir 
citing device permanciatly connected in cir 
cuit with the conductor bars of the squirrel 
cage winding, said device comprising a re 
sistance conductor having portions which 
are alternately attenuated and massive in 

55 

cross section, said attenuated portions be 
ing of a material having a resistance curve 
characterized by an abrupt rise of resistance 
at a critical current value and so propor 

...tioned as that the starting currents of the 

60 

notor, arc. above the critical current value 
aud the normal load currents of the motor 
are elow the critical current value. 

'. In an induction notor of the squirrel 
:age type, conductor bars, and a plurality 
if short circuiting devices permanently con 
lected in circuit, with the condictor lars of 
the sittit 'cl cage winding, each of which 

"rent value which lies between the starting 
current and the norinal load current of the 
motor. . . . . . . . . . 
. 9. An induction motor, of the squirrel 
cage type having conductor bars; two or 
Iuore short circuiting end rings on said 
rotor, said rings having alternated attenu 
ated and massive portions of which the at 
teauated portions are of a material having a 
high positive temperature coefficient of re 
sistance, and a tenperature current curve 
characterized by an abrupt rise of resistance 
at a certain critical current value which lies 
between the starting current and the normal 
load carrent of the motor; a series of rotor 
conductors spaced approximately one pole. 
pitch or less being permanently connected 
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ia one of said rings; and other series of 
rotor conductors similarly spaced and sini 
larly coanected 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 at abrupt 
rise of resistance at a defined critical valtic 
of current, and spaced connecting portions 
of relatively greater cross-section adapted 
to be connected to the conductors of the rotof 
winding. 

11. A short-circuiting end ring for induct 
tion motors comprising an edgewise thin 
band of material having a ticraperattirc re 
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sistance curve having an abrupt rise of re 
sistance at a defined critical value of tem 
perature, and spaced connecting portions of 
relatively greater cross section adapted to 
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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 
a defined critical value of current, said band 
having alternated attenuated and massive 
portions. 

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

14. In an induction motor, a resistor con 
prising a material having a resistance cur 
rent curve characterized by an abrupt rise 
(if resistance at a critical current value, and 
a coating on said contluctor of a material 
having a similar characteristic resistance 
current curve and substantially non-oxi 
lizable at the temperatures reached by said 
of the motor. 

13. In an induction motor, the combina 
tion with a secondary winding; of resist 

5 

ance elements permanently connected in cir 
cuit there with, 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 
nal starting currents are above this critical 
current value and the normal full load 
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 
rising 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 
low 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 I have here unto set 
iny hand in presence of two subscribing wit 
nesses. 

resistor under the normal starting currents BUIRTON MCCO. T. M. 
Witnesses: 

ARTH U : 1. I3i:YAN 
G. M. STU(RER. 
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