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To aid, whon, it may concert: 
Beit known that I, CHARLESP. STEINMETZ, 

a citizen of the United States, residing at 
Schenectady, county of Schenectady, State of 
New York, have invented certain new and 
useful Improvements in Alternating-Current 
Systems, (Case No. 1,227,) of which the follow 
ing is a specification. 

- My invention relates to a means for starting 
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alternating-current motors. 
In most single-phase motor-starting de 

vices the torque is a minimum at starting, 
but with increasing speed is, increased by the 
superposition of the torque produced by the 
armature reaction of the motor. With in 
crease in speed the torque produced by the 
armature reaction of the motor gradually pre 
ponderates over the torque, due to the im 
pressed field of the motor, until the motor 
field becomes more uniform than the im 
pressed field of the starting device, where 
upon the starting device should be cut out of 
circuit. For purposes of comparison it is 
therefore necessary to compare motor-start 
ing devices only with respect to the torque 
which they produce at the moment of starting. 
In Some cases the phase displacement for 
starting is produced through the agency of 
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self-induction in series with a main or mains. 
When a starting device of this character is 
applied to a motor with quarter-phase wind 
ings, I have found that it is impossible to ob 
tain a symmetrical quarter-phase system for 
starting the motor, whereby the starting 
torque is not as large as would otherwise be 
the case. I have, however, discovered that 
by the use of a condenser or some other de 
vice possessing the effect of capacity I may 
so adjust the impressing-circuits of the start 
ing device as to produce electromotive forces 
equal in Value to each other and displaced in 
phase by ninety degrees, thereby securing a 
marked increase in starting torque. It is not 
to be understood, however, that my inven 
tion is limited to use in this relation. 
Embodiments of my invention are herein 

after disclosed in connection with the accom - 
panying drawings, the points of novelty of 
the invention being set forth in the claims 
appended hereto. 

Figure 1 represents a quarter-phase start 

ing device, and Fig. 2 a three-phase starting 
device. 

In Fig. 1 the lines 12 represent single-phase 
mains, across which is connected a compensa 
tor 3. In place, however, of a compensator 
I may, if desired, employ the secondary wind 
ing of a transformer. A motor having a 
squirrel-cage armature 4 and quarter-phase 
exciting-winding 56 is connected by leads 7 
8 to the mains 12. The common point 9 be 
tween the windings 56 is connected, through 
a condenser 10 and a switch 11, to an inter 
mediate point 12 in the length of the com 
pensator 3. By this arrangement it is pos 
sible to produce a symmetrical quarter-plase 
system of electromotive forces at the termi 
mals of the inducing-windings of the motor. 
In cases such as shown in Fig. 1, where the 
armature is of the squirrel-cage type, and 
therefore of low resistance, it is necessary 
that the connection to the compensator should 
be made at a point between its ends; but 
where the armature is provided with means 
for inserting resistance in its circuits-as, for 
example, as shown in the armature 13 in Fig. 
2-the point of connection to the compensator 
3 may be made to an extension of the compen 

indicated at 14 in Fig. 2. Fig. 2 differs from 
Fig. 1 in that it shows the application of the 
starting device to a motor having a three 
phase inducing-winding, two of the terminals 
of which are connected to the mains 15 and 16 
and the third, through a condenser 17, to the 
extremity of the extension 14 of the compen 
Sator 8. 
The character of the motor-armature is of 

much importance as regards the starting 
torque, armatures of low resistance, such as 
those of the squirrel-cage type, giving rise to 
a comparatively small starting torque, while 
those with rheostatic control, such as shown 
at 13, in which resistance may be inserted at 
starting, enables the starting torque to be 
largely increased. Upon the value of the 
armature resistance as determined by its 
construction, as before specified, depends to 
a large extent the adjustment of the multi 
phase starting device. To such an extent is 
this true that if a low-resistance armature, 
which may, for example, be of the squirrel 

sator-winding corresponding to the extension 
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cage type, is employed, as shown in Fig. 1, it 
is impossible to produce a quarter-phase sys 
tem of electromotive forces except the ter 
minals of the motor be connected across the 
mains and to some intermediate point in the 
compensator or secondary winding, if such be 
employed, while if an armature with rheo 
static control for inserting resistance in cir 
cuit there with is used one of the terminals of 
the motor may be connected to the compen 
Sator or secondary either between its connec 
tion with the mains or outside to an exten 
sion of the compensator, as indicated at 14in 
Fig. 2. 
What I claim as new, and desire to secure 

by Letters Patent of the United States, is 
1. The combination of a source of current, 

a number of conductor's greater than two ex 
tending respectively from non-equipotential 
points thereon, a device possessing the effect 
of capacity in series with one of said con 
ductors, and a multiphase motor connected 
to said conductors. 

2. The combination of a source of current, 
a number of conductors greater than two ex 
tending respectively from non-equipotential 
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points thereon, a device possessing the effect 
of capacity in series with one of said conduc 
tors, a multiphase motor connected to said 
conductors, and means for varying the re 
sistance of the induced member of the motor. 

3. The combination of a source of single 
phase current, three conductors extending 
therefrom and maintained thereby at respec 
tively different potentials, a condenser in se 
ries with one of said conductors, and a motor 
with a multiphase winding connected to said 
conductors. 

4. The combination of a source of single 
phase current, three conductors extending 
there from and maintained thereby at respec 
tively different potentials, a device possess 
ing the effect of capacity in series with one 
of said conductors, and a motor with a multi 
phase winding connected to said conductors. 45 

In witness whereof I have hereunto set my 
hand this 23d day of May, 1900. 

CHARLES P. STEINMETZ. 
Witnesses: 

BENJAMIN B. HULL, 
MABEL E. JACOBSON. 
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