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To all whom it may concern: 
Be it known that we, HAROLD E. WHITE 

and EUGENE R. CARICHOFF, citizens of the 
United States, residing at Schenectady, in 
the county of Schenectady and State of New 
-York, have invented certain new and useful 
Improvements in Control of Electrically 
Operated Switches, of which the following 
is a specification. 
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Our invention relates to the operation and 
control of electrically-controlled switches 
and particularly to the operation succes: 
sively in a certain order of 8, plurality of 
such switches. It is especially useful in 
connection with systems of motor control in 
which a plurality of electrically-controlled 
switches or contactors are arranged to oper 
ate in succession to increase step-by-step the 
voltage applied to the motor. Arrange 
ments of this kind are employed in starters. 
for electric motors and have been so ar 
ranged that, by closing a single master 
switch, contactors are catased to operate au 
tomatically in succession to cut out section 
by section resistance interposed in the motor 
circuit on starting, or, in some other way, to 
increase step-by-step the voltage applied to 
the motor. Similar arrangements have also 
been used in systems of motor control in 
which the master-switch has a plurality of 
“on” positions and serves to regulate the 
operation of the series of contactors, the ar 
rangement being such that the master-switch 
may either directly control the operation of 
the contactors one at a time or may cause a 
number or all of them to operate auto 
matically in succession. In such systems of 
motor control it is desirable that a certain 
time interval, the length of which depends 
upon the conditions of service, sheuld elapse 
between the operation of succeeding con 
tactors. It is also often desirable that the 
rate of successive operation of the contactors 
depend upon the current in the motor cir 
cuit, that is, that the operation of a sac 
ceeding cozhiactor be prevented if the clos 
ing of the preceding contactor has resulted 
in producing a current in the motor circuit 
in excess, of a certain saie value. Warious 
arrangements have bea; used for giving this 
so-called “ting and current iinii,' to the 
action of a series of switches used for the 
above described purposes, one of the best 
known being the system in which as “notch 

actuating circuit for the series of switches 
after each switch has operated and to main 
tain said circuit interrupted as long as the 
current in the motor circuits exceeds a cer 
tain value. 

It is a general object of our invention to 
provide a new and improved system of con 
trol for a plurality of electrically controlled 
switches or contactors intended for opera 
tion in succession under the control of the 
varying conditions in the power circuit, in 
which said contactors effect certain con 
nections. 
Our invention comprises an arrangement 

in which a plurality of contactors, intended 
for operation in succession, are each con 
trolled by an auxiliary switch which coãp 
erates with a preceding contacter and 
which is positively held open while said 
contactor is open, an electromagnet being 
provided for each auxiliary switch which is 
energized from the power circuit, to be con 
trolled and which controls the closing of 
said auxiliary switch after its coãperating 
contactor has closed 
In the particular embodiment of our in 

vention hereinafter described, we use, in 
connection with a plurality of contactors 
intended for operation in succession to effect 
certain connections in a power circuit, aux 
iliary switches each of which coöperates 
with a contactep and serves to control the 
succeeding contactor, a connection being 
provided between each contactor and its 
coöperating auxiliary switch, whereby when 
the former is open the latter is positively 
held open and when the former is closed the 
latter is permitted to close, magnets, all of 
which are energized upon the completion of 
the power circuit being arranged to control 
the closing of each auxiliary switch, an 
the connections being such that each con 
tactor in closing besides effecting the de 
sired connection in the power circuit, aise 
shunts the magnet of the auxiliary switch 
which controls said contactor. 

In the drawing we have shown diagram 
imatically our invention as applied to a sim 
ple system of control for a direct current, 
motor, but this is merely illustrative and, 
as will be obvious to those skillied in this 
art, it maay equally well be applied to other 
forms of dynamo-electric machinery and to 
other types of controi; or, in fact, eiaployed 55 ing relay” is arranged to interrupt the in any connection where it is desired to 
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regulate the conditions in a power circuit by 
means of a plurality of Switches operating 
in succession. 

Referring to the drawing, a source of cur 
rent is indicated at T, with which the power 
and control circuits of the system are con 
nected through a switch S. The armature 
of the motor to be controlled is indicated at 
A and its field at F, the motor in this case 
being a series motor, although other types 
of motor might equally well have been 
shown. Suitable electrically controlled 
switches or contactors L. L and L L are 
shown as arranged to connect the motor to 
the source for either direction of rotation. 
A starting or control resistance is shown as 
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made up of sections R, R, R and R' 
which may be short-circuited by suitable 
electrically-operated switches or contactors 
1, 2, 3 and 4, respectively. A master-switch 
K is shown developed, ii, the usual conven 
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tional manner, and as of type in which a 
drum, provided with suitable segments, co 
operates in both directions from “off’ po 
sition with a set of fingers a, b, c, d, e, f,g 
and h and serves to regulate the operation of 
the contactors for both directions of rota 
tion of the motor. Contactors L and 
are provided with interlocking switches i 
and 8 of any well-known form, shown in 
the usual conventional way, which are closed 
when the contactors L and L are open and 
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are opened by the closing of the latter. 
Switches L., L', 1,2 and 3 are each pro 
vided with an attachment which consists of 
an auxiliary or interlocking switch 10, to 
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the movable element of which is secured a 
core 1i which is arranged for movement in 
a magnetic field produced by a conductor or 
coil arranged in coöperative relation to the 
core and carrying motor current. The mov 
able member of each auxiliary switch 10 and 
its coöperating core 11 is mechanically con 
nected in any suitable manner to the mov 
able member of its corresponding contactors 
L*, *, 1, 2 or 3 and is held in its raised 
position, as shown in the diagram, when its 
corresponding contactor is open. In the arrangement diagrammatically 
illustrated, the core i1 has extending up 
wardly from it a rod 12 which at its upper 
end is bent into a hook 13, the downwardly 
extending end of which rests upon a heel 
14 of the movable contact member of the 
contactors L, L* , 2 and 3. With a con 
struction of this kind when any one of 
said contactors is open the core 11 of its 
auxiliary Switch is held in its raised position 
and this switch is therefore open; but when 
a contactor closes the heel 14 moves away 
from the end of the hook 13 and the switch 
10 is free to close unless prevented as here 
inafter explained. The magnetic field 
structures and the magnetizing coils of the 
auxiliary switches 10 are so designed that 

movement of the core. 
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said switches will be held open, when re 
leased by the closing of their corresponding 
contactors, if the current in a conductor or 
coil which coöperates with their cores 11 
is in excess of a certain value, in other 
words, if the current in the motor at that 
time exceeds a certain predetermined safe 
value. When, however, a core 11 has 
dropped, no increase in motor current there 
after will cause it to pull up. The particular design of auxiliary switch 
mechanism necessary to the carrying out of 
the functions just mentioned will be at once 
apparent to those skilled in this art, it being 
well known that the operation of a core of 
magnetic material in the field of an electro 
magnet can be regulated by properly ar 
ranging the number of ampere turns in the 
magnet coil and the field structure of the 
magnet, particularly the air gap in the 
magnetic circuit which varies with the 

The characteristics 
and the design of electromagnetically-oper 
ated devices are now so well understood that 
the diagrammatic illustration of our device 
and the statement of its functions is suffi 
cient to enable any one skilled in the art to 
build the same. 
As will be eyident from the following de 

scription of the mode of operation of the 
system, the auxiliary switches 10 which co 
operate with the contactors L° and L' con 
trol the energization of the actuating cir 
cuits for the resistance controlling contac 
tors 1, 2, 3 and 4; and the auxiliary switches 
10 which coöperate with the contactors 1, 2 
and 3 are located respectively, in the control 
circuits to the actuating coils of the con 
tactors 2, 3 and 4. The arrangement of 
motor and control circuits will be apparent 
from the diagram and from the E. description of the mode of operation of the 
System. 
The switch S being closed and the master 

switch K being thrown to its first forward 
osition, a circuit is completed from the - 

side of the source, through the wire 15 
through the two upper fingers a and b and 
coöperating segments on the forward side 
of the master-switch to the wire 16, thence 
to the actuating coils of the contactors L and L in series, through the auxiliary 
switch is on the contactor Li to the - side 
of the source. The contactors. L and L. 
will, therefore, close and a circuit will be 
completed from the positive side of the 
source through the field F of the motor, con 
tactor L, armature A, contactor L, through 
all of the resistance R, R, R and R to 
the - side of the source. It is to be ob 
served that this circuit passes through the 
conductors or coils which produce the mag 
netic fields operating upon the cores 11 of 
the attachments to contactors L., L, 1, 2 
and 3 and that, even though released by the 
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closing of their corresponding contactors, 
these cores will not fall and cause the 
Switches 10 to close if the motor current 
exceeds a certain value. As long as the 
master-switch K remains in its first “on' 
position no further changes in the motor 
circuit take place, and the motor will be 
connected to the source with all the resist 
ance in circuit. If the master-switch K is 
moved to its second forward position, the 
two lower fingers g and h thereof engage with their coöperating segments, and FE 
current in the motor circuit has fallen to 
such a value that the auxiliary switch 10 
coöperating with the contactor L? has 
closed, a circuit is completed from the wire 
16, through the switch 10 on the contactor 
L*, through wire 17, through the two lower 
fingers g and h and their segments on the 
master-switch to the wire 18, and thence 
through the actuating coil of the contactor 
1 to the side of the line through the con 
ductor which coöperates with the cores 11 
of the attachments to the contactors 1, 2 
and 3. The contactor will, therefore, 
close and will short circuit the section of 
resistance R. As long as the master-switch 
K remains in its second position no further 
operation of the contactors will occur. If, 
however, the master-switch is thrown to its 
third forward position, the finger f will 
the wire 19, leading to the auxiliary switch 
10 of the contactor 1, will be energized as 
was wire i8 and, if the current in the motor 
circuit has dropped below a certain prede 
termined value and the auxiliary switch 10 
coöperating with contactor 1 has therefore 
closed, a circuit will be completed through 
the actuating coil of the contactor 2 which 
will close, short-circuiting the section of 
resistance R”. 
From the foregoing it will be clear that 

the motor may be connected to the source 
and the resistance cut out section-by-section 
by moving the master-switch K through its 
various “ol’ positions, and that during 
this operation if the motor current exceeds a 
certain value the successive operation of the 
resistance controlling contactors 1, 2, 3 and 
4 will be retarded. , 

It is, of course obvious that, if desired, the 
master-switch K may be thrown at once to 
its fifth or full “on” position whereupon the 
operation of the contactors will take place 
automatically under the same limitations in 
the rate of closing as in the mode of oper 
ation above referred to. 
Wehave not deemedit necessary to illustrate 

in this application any particularly mechan 
ical construction of contactor and auxiliar 
switch attachment, therefor, since it will be 
obvious to those skilled in the art that our 
invention may be embodied in many differ 
ent constructions. The contactors may be 
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of any suitable and well known type as for example that which, together with a partic 
ular construction of auxiliary switch attach 
ment for the contactors, is shown in a co 
pending application in the name of Harold 
E. White. Ser. No. 480,481 filed February 
27, 1909, in which application are also set 
forth certain improvements in systems of 
control for electrically controlled switches 
of the same general nature as that shown in the present application. 
While we have shown our invention as in 

corporated in a system of motor control hav. 
ing switches or contactors which are electro 
magnetically operated, we realize that it 
may equally well be used in connection with 
systems in which the switches are operated 
pneumatically. It is, therefore, our inten 
tention to cover such systems in this applica 
tion and wherever we have used the expres 
sions “electrically controlled switch' or 
“contactor” we mean to include both those 
which are operated electromagnetically and 
those which are operated electro-pneumat 
ically, these two systems, being now weli 
known to those familiar with this art. 
thermore, while we have shown our inven 
tion as embodied in a system, in which the 
magnet coils of the auxiliary switch attach 
ments are traversed by the entire motor or 
power curren, we do not wish to be under 
stood as limiting it to this arrangement, 
since, of course, these magnetizing cois Inay 
be energized from the motor or power cis 
cuit in many different ways as is well known 
to those skillied in the ar, 

it will be obvious to those skilled in this 
art that our invention may be embodied in 
a great variety of forms, and it is our in 
tention to cover in the following claims all 
Such embodiments as coine within the scope 
of our invention. 
What we claim as nevy and desire to secure 

by Letters Patent of the United States, is 
1. In combination with a power circuit, a 

plurality of contactors intended for oper 
ation in succession to effect certain connec 
tions in Said power circuit, actuating mag 
nets for said contactors, auxiliary switches 
coöperating with certain of said contactors, 
each arranged to control the operation of a 
succeeding contactor, neans for positively 
holding each auxiliary switch oper while its 
coöperating con&actor is open, and electricai. 
means independent of said actuating mag 
nets for controlling the closing of said all:- 
iliary switches. ... 

2. In combination with a power circuit a 
plurality of contactors intended for oper 
ation in succession to effect certain connec 
tions in said power circuit, actuating mag 
nets for said contactors, auxiliary switches 
coperating with certain of said contactors, 
each arranged to control the operation of a 
succeeding contactor, means for holding 
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each auxiliary switch open while its coöper 
ating contactor is open, and a magnet inde 
pendent of said actuating magnets coöperat 
ing with each auxiliary switch and energized 
from the power circuit for controlling the 
closing of said auxiliary switch. 

3. In combination with a power circuit, a 
plurality of contactors intended for oper 
ation in succession to effect certain connec 
tions in said power circuit, actuating mag 
nets for said contactors, auxiliary switches 
coöperating with certain of said contactors, 
each arranged to control the operation of a 
succeeding contactor, means for holding 
each auxiliary switch open while its coöper 
ating contactor is open, a magnet coöperat 
ing with each auxiliary switch and ener 
gized from the power circuit for controlling 
the closing of said auxiliary switch, and con 
nections whereby each of said contactors in 
closing shunts the magnet of its controlling 
auxiliary switch. 

4. In combination with a power circuit, 
a plurality of contactors intended for oper 
ation in succession to effect certain connec 
tions, in said power circuit, auxiliary 
switches coöperating with certain of said 
contactors, each arranged to control the 
operation of a succeeding contactor, a con 
nection between each of said contactors and 
its auxiliary switch whereby when the 
former is open the latter is positively held 
open and when the former is closed the lat 
ter is permitted to close, a magnet coöper 
ating with each auxiliary switch and ener 
gized from the power circuit for controlling 
the closing of said auxiliary switch, and 
connections, whereby each of said contactors 
in closing shunts the magnet of its control 
ling auxiliary switch. 

5. In combination with a power circuit, 
a plurality of contactors intended for oper. 
ation in succession to effect certain connec 
tions in said power circuit, actuating mag 
nets for said contactors, auxiliary switches 
coöperating with certain of said contactors 
each arranged to control the operation of a 
succeeding contactor, means for holding 
each auxiliary switch open while its co 
Operating contactor is open, a magnet co 
operating with each auxiliary switch and 
energized from the power circuit for con trolling the closing of said auxiliary switch, 
and connections whereby each contactor in 
clusing both effects the desired connection 
in the power circuit and shunts the electro 
magnet coöperating with the auxiliary 
switch which controls the control circuit, for 
that contactor. 

6. In combination with a power circuit, 
a plurality of switches intended for opera 
tion in succession to effect certain connec 
tions in said power circuit, auxiliary Switches 
coöperating with certain of said first men 
tioned switches, each arranged to control 
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nection between each of said first mentioned 
switches and its auxiliary, switch whereby 
when the former is open the latter is posi 
tively held open and when the former is 
closed the latter is permitted to close, and 
means energized from the power circuit for 
controlling the closing of said auxiliary 
switches. 

. In combination with a power circuit, 
a plurality of electrically controlled switches 
intended for operation in succession to effect 
certain connections in said power circuit, 
switches coöperating with certain of said 
ranged to control the control circuit of a 
succeeding electrically controlled switch, a 
connection between each electrically con 
trolled switch and its auxiliary switch 
whereby when the former is open the latter 
is positively held open and when the former 
is closed the latter is permitted to close, and 
means responsive to current in the power 
circuit for controlling the closing of said 
auxiliary switches. 

8. In combination with a power circuit, 
a plurality of switches intended for opera 
tion in succession to effect certain connec 
tions in said power circuit, auxiliary switches 
coöperating with certain of said first men 
tioned Switches, each arranged to control 
the operation of a succeeding Switch, ame: 
chanical connection between each of said 
first mentioned switches and its auxiliary 
switch whereby when the former is open 
the latter is positively held open and when 
the former is closed the latter is permitted 

control circuits for said switches, auxiliary 
electrically controlled switches and each ar 

the operation of a succeeding Switch, a con 
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to close, and means energized from the 
power circuit for controlling the closing of 
said auxiliary switches, 

9. In combination with a power circuit, 
a plurality of electrically controlled switches 
intended for operation in succession to effect 
certain connections in said power circuit, 
control circuits for said switches, auxiliary 
'switches coöperating with certain of said 
electrically controlled switches and each ar 
ranged to control the control circuit of a 
succeeding electrically controlled switch, a 
mechanical connection between each elec 
trically controlled switch and its auxiliary 
switch whereby when the former is open 
the latter is positively held open and when 
the former is closed the latter is permitted 
to close, and means responsive to current in 
of said auxiliary switches. . 

10. In combination with a power circuit, a 
plurality of electrically controlled switches 
intended for operation in succession to effect 
certain connections in said power circuit, 
control circuits for said switches, auxiliary 
switches coöperating with certain of said 
electrically controlled switches and each ar 

the power circuit for controlling the closing 
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ranged to control the control circuit of a 
succeeding electrically controlled switch, a 
mechanical connection between each elec 
trically controlled switch and its auxiliary 
switch whereby when the former is open the 
latter is positively held open and when the 
former is closed the latter is permitted to 

and electromagnetically operated 
means energized from the power circuit for 
controlling the closing of said auxiliary 
switches. 

11. In combination with a power circuit, a 
plurality of electrically controlled switches 
intended for operation in succession to effect 
certain connections in said power circuit, 
control circuits for said switches, auxiliary 
switches coöperating with certain of said 
electrically controlled switches and each ar 
ranged to control the control circuit of a 
succeeding electrically controlled switch, a 
mechanical connection between each elec 
trically controlled switch and its auxiliary 
switch whereby when the former is open the 
latter is positively held open and when the 
former is closed the latter is permitted to 
close, and electro-magnets energized from 
the power circuit for controlling the closing 
of said auxiliary switches. 

12. In combination with a power circuit, a 
plurality of contactors intended for opera 
tion in succession to effect certain connec 
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tions in said power circuit, control circuits 
for said contactors, auxiliary switches each 
coöperating with a contactor and arranged 
to control the control circuit of a succeeding 
contactor, a mechanical connection between 
each contactor and its auxiliary switch 
whereby when the former is open the latter 
is positively held open and when the former 
is closed the latter is permitted to close, and 
an electromagnet the energization of which 
depends upon the current in the power cir 
cuit arranged to prevent the closing of said 
auxiliary switch if the current in the power. 
circuit exceeds a certain value. 

13. In combination with a power circuit, a 
plurality of contactors intended for opera 
tion in succession to effect certain connec 
tions in said power circuit, control circuits 
for said contactors, auxiliary switches hav 
ing fixed and movable members coöperating 
with certain of said contactors and each 
arranged to control the control circuit of a 
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succeeding contactor, a mechanical connec 
tion between each contactor and its auxiliary 
switch whereby when the former is open the 
latter is positively held open and when the 
former is closed the latter is permitted to 
close, an armature of magnetic material con 
nected to the movable member of said auxil 
iary switch, and a coil energized from said 
power circuit and arranged to magnetically 
influence said armature and thereby control 
the closing of the auxiliary switch. 

14. In combination with a power circuit, a 
plurality of contactors intended for opera 
tion in succession to effect certain connec 
tions in said power circuit, control circuits 
for said contactors, auxiliary switches hav 
ing fixed and movable members coöperating 
with certain of said contactors and each ar 
ranged to control the control circuit of a 
succeeding contactor, a mechanical connec 
tion between each contactor and its auxiliary 
switch whereby when the former is open the 
latter is positively held open and when the 
former is closed the latter is permitted to 
close, an armature of magnetic material con 
nected to the movable member of said auxil 
iary switch, and a coil energized from said 
power circuit and arranged to magnetically 
influence said armature and maintain said 
auxiliary switch open if the current in the 
power circuit exceeds a certain value. 

15. In combination, a contactor, a relay, 
and a mechanical connection between said 
contactor and said relay whereby when said 
contactor is open the contacts of the relay 
are held open and when said contactor is 
closed said relay is operatively independent. 

16. In combination, a contactor having a 
movable member, a relay having a movable 
member, and a mechanical connection be 
tween the movable member of the contactor 
and the movable member of the relay where 
by when the former is in one position the 
latter is held in one position and when the 
former is in its other position said mechan 
ical connection is ineffective. 

17. In combination, a contactor having 
a pivoted member, a relay having a longi 
tudinally movable member, and a mechan 
ical connection between said pivoted mem 
ber and said longitudinally movable mem 
ber whereby when the former is in one po 
sition the latter is positively held in one po 
sition and when the former is in its other 
position the latter is movable independently 
of the former. 

18. The combination with a contactor hav 
ing a fixed contact member, a movable con 
tact member, and an actuating coil for mov 
ing said movable contact member into en 
gagement with said fixed contact member, 
of an auxiliary switch attachment compris 
ing a fixed contact member, a movable con 
tact member, a mechanical connection be: 
tween the movable contact member of Said 
contactor and the movable contact member 
of said auxiliary switch attachment where 
by when said contactor is open the contacts 
of said auxiliary switch attachment are held 
open and when said contactor is closed the 
contacts of said auxiliary switch attachment 
are permitted to close, and a magnet coil co 
operating with the movable contact member 
of said auxiliary switch attachment. 

19. The combination with a contactor hav 
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ing a fixed contact member, a movable con 
tact member, an actuating coil for moving 
said movable contact member into engage 
ment with said fixed contact member, of an 
auxiliary switch attachment comprising a 
fixed contact member, a movable contact 
member, a mechanical connection between 
the movable contact member of said con 
tactor and the movable contact member 
of said auxiliary switch attachment whereby 
when said contactor is open the contacts of 
said auxiliary switch attachment are held 
open and when said contactor is closed the 
contacts of said auxiliary switch attachment 
are permitted to close, and a magnet coil for 
controlling the closing of the contacts of the 
auxiliary switch attachment. 

20. The combination with a contactor hav 
ing a fixed contact member, a movable con 
tact member, and an actuating coil for mov 
ing said movable contact member into en 
gagement with said fixed contact member, of 
an auxiliary Switch attachment comprising 
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a fixed contact member, a movable contact 
member, a mechanical connection between 
the movable contact member of said con 
tactor and the movable contact member of 
said auxiliary switch attachment whereby 
when said contactor is open the contacts of 
said auxiliary switch attachment are held 
open and when said contactor is closed the 
contacts of said auxiliary switch attach 
ment are permitted to close, and a magnet 
coil connected in the same circuit with the 
contacts of the contactor and coöperatin 
with the movable contact member of sai 
auxiliary switch attachment. 

In , witness whereof, we have hereunto 
set our hands this 26th day of February, 
909. 

HAROLDE. WHITE. 
EUGENER. CARICHOFF. 

Witnesses: 
BENJAMIN B. HULL, 
HELEN ORFORD. 
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