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To all whom it may concern: 
Be it known that we, GEORGE H. WHIT 

TINGHAM and WILLIAM. C. O'BRIEN, citizens 
of the United States, residing at Baltimore, 
in the State of Maryland, have invented cer 
tain new and useful Improvements in Auto 
matic Motor-Starters, of which the follow ing is a specification. 
This invention comprises improvements in 

automatic controllers for electric moto's of 
the kind in which the cutting out of the 
starting resistance is regulated by the quan 
tity of current flowing in the armature cir 
cuit. 
This application is a division of our co 

pending application, Ser. No. 367,193, filed 
April 9, 1907. 
In the accompanying drawing Figure 1 

is a side elevation of the controller, the cir 
cuits being shown diagrammatically and the 
movable parts being shown in their normal 
positions, and Fig.2 is a similar view, illus 
trating the operation of the mechanism. 

Referring to the drawing, 1 represents a 
metal cross-bar and 2 indicates a spring hav 
ing one end Secured to a stationary support 
3 and its opposite end connected to an eye 4, 
which is rigidly attached to the center of 
the cross-bar. The core 5 of an iron clad 
holding solenoid A is rigidly secured to the 
center of the cross bar and projects down 
wardly therefrom, the arrangement being 
such that when the solenoid is energized the 
cross bar will be moved downwardly against 
the action of the spring. The crossbar nor 
mally supports the core 5 and also the cores 
6, 7, 8 and 9, of regulating solenoids B, C, D 
and E, respectively. The cores 6, 7, 8 and 9 
are suspended from the cross bar by rods of 
copper or other non-magnetic metal, indi 
cated at 6,7,8 and 9, respectively. These 
rods are driven into suitable openings in the upper ends of the cores, making good me 
chanical and electrical connections there 
with, and extend loosely through openings 
10 in the cross bar, and are provide" with 
stops 11 which rest upon the top of the bar. 
The cores 6, 7, 8 and 9 are provided with 
contact disks or blocks 6, 7, Sb and 9, of 
suitable metal, such as copper, having flat 
lower surfaces, and these cores are support 
ed so that said contact blocks will be nor 
mally held out of contact with stationary 

contact steps or blocks 13, 14, 15 and 16, 
respectively, having flat contact surfaces 55 
adapted to be engaged by the flat contact 
disks on the Solenoid cores. 
The line or supply switch for connecting 

the controlling apparatus and the motor with 
the supply circuit is indicated at S, and it 60 
is shown with the two usual terminals 17 
and 1S and an auxiliary terminal 19. The 
winding 20 of the holding solenoid A. has 
one of its ends connected by a conductor 21 
to the auxiliary terminal 19 and its other 65 
end connected by conductors 22 and 35 to the 
line switch terminal 18, the circuit arrange 
ment being such that the solenoid A will be 
energized each time the line switch is closed 
and will be de?nergized as soon as the line 70 
Switch is opened. Thus, the solenoid . A 
will draw the cross head or bar 1 down 
ward as soon as the Switch is closed and the 
cross head will remain down until the 
Switch is opened, when it will be moved up- 75 
Ward by the spring 2. 
The windings of the solenoids B, C, D 

and E, are arranged in series with one an 
other and with the starting resistance and 
with the armature in of the motor M. These 80 
windings are all of low resistance in order to 
carry the full starting current, and they 
are all operative for the purpose of regu 
lating the descent of the solenoid (cres. The 
circuit is ti'aced as follows: Fror the line 85 
switch terminal 17, through conductor 23, 
winding 24, resistance section 25, winding 
23, 1'esistance section 27, winding 2S, resist 
ance section 29, windling 30, l'esistance sec 
tion 31, conductor 32. armature in and con- 90 
due to 3 to line switch terminal 18. A 
shunt Winding for the motor field is indi 
cated at f its terminals being connected to 
the line switch terminals by conductors 35 
and 3(3, respectively. The rods 6, 7, 8 and 95 
9", are electrically connected to the terminal 
1 of the supply circuit switch by a flexible 
conductor 37 which permits the rods to move 
independently, said conductor having one 
end connected to the conductol’ 23 leading 100 
to the supply circuit switch. Conductors 38, 
39 and 40 connect the stationary contacts 13, 
14 and 15 with the coils of the solenoids C, 
D and E, respectively, at points between the 
ends of said coils, and a conductor 41 con- 105 
nects the stationary contacts 16 with the 



conductor 32 leading to the motor 38 

0. 

15 
be all similarly wound, with the same length. 

ture. When the line switch S is moved to 
closed position, the solenoid A is energized, 
and its core is immediately drawn down 
ward, thereby moving the cross bar 1 away 
from the collars on the rods 6, 7, 8 and 9, 
and placing the spring 2 under tension. The 
cores of the regulating Solenoids, B, C, D 
and E, will remain suspended owing to the 
abnormal quantity of current flowing in the 
armature circuit immediately after the clos 
ing of the switch, the quantity of current 
permitted to flow at the start being, of 
course, regulated by the amount of starting 
resistance. The solenoids C, D and E may 
of wire, while the solenoid B has a shorter 
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winding than the others in the series. If 
the maximum current which can pass 
through the resistance at starting is, say 50 
per-cent, above the normal full load current 
of the motor, the winding of the solenoid 
B may be such that it will sustain its core 
with this amount of current flowing, but 
With a .10 per-cent. decrease in the current, 
as the motor accelerates, it will release its 
core, while the other solenoids D, E, F, hav 
ing greater lengths of windings in circuit 
at the start, will not release their cores with 

30 this decrease in current. When the core of 
the Solenoid B drops, however, it cuts out 
its own coils, one section, 25, of the resist 
ance and a part of the windings of the solen 
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oid C, thus weakening the latter solenoid so 
that after the temporary rise in the current 
which results from the cutting out of the 
resistance section, when the current falls to 
a predetermined amount, which may be the 
same amount that was flowing when the 
core of the Solenoid B dropped, the core of 
the solenoid C will drop. This cuts out the 
remainder of its own coils, the resistance 
section 27 and a part of the coils of the 
next Solenoid D, weakening the latter so 
'that when the current falls as before, the 
core of the latter solenoid will drop and cut 
out the remainder of its own coils, resist 
ance section 29 and part of the coils of the 
solenoid E. When the current again falls 
to a predetermined amount, the solenoid E. 
will release its core and the remainder of 
its coils and the last resistance section 31, 
will be cut out. 
The operation of the device in cutting out 

the resistance is illustrated in Fig. 2, where 
in the line switch is closed, the cross bar 
moved down and the cores of the first two 
Solenoids, B and C, in the series are down, 
while the cores of the last two solenoids D 60 

65 

and E, are still supported by the action of 
the current in their coils. When the core of 
the solenoid B drops, it will be seen that the 
currefit, instead of flowing through its coils 
and the resistance section 25, will flow from 
the line switch terminal 17 through a low 
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resistance path formed by the flexible con 
ductor 37, conducting rod 6', solenoid core 
6, contacts 6 and 13, and conductor 38 to a 
point intermediate the ends of the coils of 
the Solenoid C, thus short circuiting all of 
the coils of the solenoid B, the resistance 
Section 35 and a part of the coils of the 
Solenoid C. When the core of the solenoid 
C drops, a path for the current will be 
formed from the flexible conductor 37 
through the conducting rod 7, core 7, con 
tacts 7 and 14, and conductor 39 to a point 
intermediate the ends of the winding of the 
solenoid D, thus short circuiting the remain 
ing coils of the Solenoid C, the resistance sec 
tion 27 and part of the coils of the solenoid 
D. Similarly, when the core of the solenoid 
D drops, the current will flow from the flexi 
ble conductor 37 through the rod 8, core 8, 
contacts 8 and 15, and conductor 40, and 
when the core of the solenoid E. drops, the 
current will have a direct low resistance 
path to the motor armature from the flexible 
conductor through the rod 9, core 9, con 
tacts 9 and 16 and conductors 41 and 32. 
As soon as the line Switch is opened to stop 
the motor, the Solenoid A is de&nergized 
and the spring moves the cross head i up 
wardly into the position shown in Fig. 1. 
The cores of the solenoids B, C, D and E 
are thereby moved to separate the contacts 
at their lower ends, and the windings of 
said Solenoids and the resistance sections are. 
thereby again placed in circuit ready for 
starting. 

In a device of this kind, as the contact 
members for cutting out the resistance are 
held together only by the weights of the 
cores it is desirable, in order to prevent heat 
ing, to provide even surfaces of ample area, 
and as few contacts as possible. By the 
construction shown, wherein non-magnetic 
conducting rods project upward from the 
cores of the magnets and the cores are con 
nected into the circuit by flexible conduc tors leading to such rods, it is possible to 
Support the cores from above the solenoids 
and utilize the cores as switch members 
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thereby requiring but one stationary con 
tact beneath each core. 
What we claim is 

5 

1. An automatic starter for electric mo 
tors, comprising a starting resistance in the 
armature circuit, a series of regulating so 
lenoids having all of their operative wind 
ings of low resistance and arranged in said 
circuit, shunt circuits for cutting out wind 
ings of each Solenoid, a section of starting 
resistance and a part of the coils of a suc 
ceeding Solenoid, each of said shunt circuits 
comprising a Solenoid core, a stationary con 
tact below said core adapted to be engaged 
by the core and a flexible conductor con 
nected to the core, in combination with 
means for normally supporting said cores 
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above said contacts and an electro-magnetic core and a flexible conductor connected to 
device for releasing said cores when current said rod, said rods having shoulders or stops 
is turned on. thereon, in combination with a spring Sup 

2. An automatic starter for electric motors ported cross bar normally engaging said 
comprising a starting resistance in the arma- shoulders to support the cores in an upper 
ture circuit, a series of regulating solenoids position, and electro-magnetic means for 
having all of their operative windings of moving said cross bar away from said shoul 
low resistance and arranged in said circuit, ders when current is turned on. 
shunt circuits for cutting out windings of In testimony whereof we affix our signa 

0 each solenoid, a section of starting resist-tures, in presence of two witnesses. 
ance and a part of the coils of a succeeding GEORGE H. WHITTINGHAM. 
solenoid, each of said shunt circuits com- WILLIAM C. O'BRIEN. 
prising a solenoid core, a stationary contact Witnesses: 
below said core adapted to be engaged by FELIX R. SULLIVAN, 

5 the core, a conducting rod secured to the F. HERBERT PREM, 
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