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" Ty all whom it may concern:
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Be it known that I, Epwin B. H. TowER,
Jr., a citizen of the United. States, residing
at Milwaukee, in the county of Milwaukee
and State of Wisconsin, have invented new
and useful Improvements in Motor-Control-
lers, of which the following ig a full, clear,
concise, and exact description, reference be-
ing had to the accompanying drawing, form-
ing a part of this specification. ' )

My invention relates to improvements 1n
controllers for electric motors, and more par-
ticularly to controllers including a plurality
of successively operating switches for ac-
celerating the motor.

One of the objects of my invention ig to
provide means for temporarily checking the
successive operation of the accelerating
switches upon the occurrence of abnormal
conditions in the motor circuit, or, in other
words, to prevent the resistance from being
removed from circuit too rapidly.

“Another object of my invention is to pro-
vide each or any desired number of the ac-
celerating switches with an auxiliary con-

{tact, tending to move therewith to cause

energization of a succeeding switch and hav-
ing a ¢ontrolling winding for arresting its
cperation so long as abnormal conditions
prevail in the motor circuit. '

A further object of my invention is to

provide means whereby the auxiliary con-
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“ing drawings.

- portion of

tact of each switch, when operated, will re-
main in the same position, regardless of any
subsequent syrges of current through its
controlling winding. - o

Various other cobjects and advantages of
my invention will be hereinafter clearly and
fully set forth.

For the purpose of more clearly disclos-
ing the nature and characteristic features
of my invention, I shall describe the embodi-
ment thereof illustrated in the accompany-
1t should, of course, be
anderstood that my invention is not limited
to the particular émbodifent thereof illus-
trated, but is capable of various modifica-
tions. . Co
The views in tne accompanying drawing
are as follows: , ‘

Figure 1 is a side elevation of a switch
embodying certain features of m inven-
tien; Fig. 2 is an enlarged view of the upper
Fig. 1, showing parts thereof in
section; and Fig. 3 diagrammatically illus-

-therethrough.

trates a system of control employing
switches similar to the one illustrated in
Figs. 1 and 2.

The general structure of the switch illus-
trated is of conventional form. Briefly de-
scribed, this switch comprises a magnet
frame 5 secured to a suitable insulating base
6 and having pivoted thereto a contact arm
7. Mounted within the magnet frame 5 is
a solenoid winding 8 having a plunger 9
connected by a pin 10 to the switch arm 7.
The switch arm 7 has a main contact 11 and
an arcing contact 12 arranged to engage
relatively stationary contacts 13 and 14.
The confact 13 comprises a laminated brush
rigidly secured fo a support 15 which is

mounted upon the front of the magnet frame

and insulated therefrom. The contact 14
comprises a carbon block carried by an arm
16 which is.fulerumed at 17 to the contact
support 15. The solenoid winding 8 has a
stafionary core 18 with which the plunger is
adapted to seal when moved upwardly. -
Secured to the plunger 9 of the solenoid 8
is an upwardly extending tail rod 19, hav-
ing loosely mounted thereon a contact disk
20. The contact disk 20 is adapted to bridge
eontacts 21 and 22 which are mounted upon
posts 23 secured to and proj ecting forwardly
¥rom the insulating base 6. Surrounding
the tail rod 19 is a coil 24 which is mounted
within 2 magnet frame 25. The magnet
frame may be of any preferred construction
and supported in any suitable manner. As.
illustrated, the magnet frame is substan-

+ tially eylindrical and is provided with rear-

wardly extending lugs 26 secured to the in-
sulating base 6 to form a support therefor.
The top 27 of the magnet frame is pref-
erably formed separate from the main por-

 tion thereof and provided with a cylindrical

portion 28, projecting into the coil 24. Sur-
rounding the portion 28 is a nonmagnetic
bushing 29, preferably extending entirely
through the coil 24. The portion 28 forms
a core for the coil 24, or, in other words, the
top-27, as a whole forms an armature for
the coil.
therein for permitting the tail rod 19 to pass
The contact disk 20 is
mounted on the upper end of the tail rod so
as to rest upon the top of the magnet frame,
and said disk is preferably insulated from

“both the tail rod and magnet frame. Upon

the upper end of -the tail rod is a nut 30, and
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surrounding the tail rod between said nut
and the contact disk 20 is a coil spring 81.
The spring 81 bears against the contact disk
20 and acts as a buffer to check the down-
ward movement of the plunger 9 of the
solenocid 8. :

" ixed to the tail rod 19 below the core 28

is 1 collar 32. Surrounding the tail rod 19
-and interposed between the collar 32 and the
 core 28 is a coil spring 33. With this ar-

rapgement, upon movement of the solenoid
plunger to actuate the contact arm 7, the tail
rod 19 will be raised, thereby exerting a
pressure through the spring 83 againét the
core 28 of the winding 24. This, of course,
tends to raise the top of the magnet frame,
and, consequently, tends to move the contact
disk 20 into engagement with contacts 21
and 22. If, however, the winding 24 be

0 sufficiently energized: to hold its core 28

against the pressure of the spring 38, said
spring will compress or yield to-permit con-
tinued operation of the contact arm 7. This
compression of the spring 83 results in stor-
ing up energy, which will cause the core 28
to be raised as soon as the magnetic pull of
the winding 24 decreases to a predetermined
degree. As soon as the magnetic pull of the
o1l decreases to such an extent, the contact
disk 26 will be moved into engagement with
contacts 21 and 22.
as the top of the magnet frame is raised, air
gaps will be inserted in the magnetic path of
the coil 24, thereby further decreasing the
magnetic pull of said coil. Tt will, there-
fore, readily be seen that the coil spring 33
may be sc designed as to predominate the
magnetic pull.of the coil 24 upon subsequent
surges of current therethrough, thereby in-

suring the retention of the armature 27 and’

contact disk 20 in raised position until the
solenoid 8 is deénergized. ‘

I shall now describe the controller dia-
grammatically illustrated in Fig. 3. This

» controller includes switches 35, 36, 37 and 38

arranged to control an electric motor 39,
having an armature A and a series field
winding . Each of the switches 35, 36 and
37 is of substantially the same construction
2s the switeh illustrated in Figs. 1 and 2,
and the parts thereof will, therefore, be des-
ignated by the same reference numerals.
The switeh 88 is similar to the remaining
switches, except that it is not provided with

> 2n auxiliary contact disk. The switches 86,

37 and 38 are arranged to control resistances
B, B and R? respectively connected in the
motor circuit. While I have shown series
resistances, it should he nnderstood that par-

allel resistances might be used if preferred. |

1 shall now describe the operation of the
controller, at the same time clearly setting
forth the circuit connections therefor, as-
suming that current is supplied from main
lines 40 and 41. For imtially controlling

It will be apparent that.
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the operation of the several switches, I have
shown a manually operated ' switch 49

-adapted, when closed, to complete a circuit

through the operating winding of switch 35.
This circuit may be traced from main line 40
by conductor 43 through the operating wind-
ing of switch 85, thence through switch 42,
by conductor 44 fo main line 41. Thereupon
the switch 85 responds and closes the motor
circuit which may be traced from main line

- 40, through said switch 35, by conductors 45
; and 46, through the resistances R, R’ and R?
“in series, by conductor 47 through the con-
trolling coils 24 of the auxiliary contacts of
' switches 85, 36 and 37; by conductors 48, 49
.and 50, through the motor armature A and
- series field winding I to main Jine 41. The

motor is thus started with all of the resist-
ance in circuit therewith. The coils 24 of
the switches 35, 86 and 37 being connected

“In series with the motor, will, of course, vary

in strength in accordance with the flow of
current. to the motor. Hence, these coils

.may be so designed as to hold their arma-
tures against the pressure of the springs 33

only when there is an abnormal flow of cur-
rent in the motor circuit. Furthermore,
these coils may be adjusted to hold and re-
lease their armatures at different current
values. Hence, if an abnormal flow of cur-
rent oceurs in the motor cireuit upon closure
of switch 85, the coil 24 thereof will hold its
armature 27 and auxiliary contact 20 against
the pressure of the spring 83 until the fow
of current decreases to the predetermined
value. Thereupon the spring 83 will over-
come the magnetism of the coil 24 and raise
the armature 27, thereby causing the auxil-
lary contact 20 to engage the stationary
contacts 21 and 22. Of course, if there is
no abnormal surge of current upon closure
of the switch 85, the auxiliary contact 20
thereof will be immediately moved into en-
gagement with the stationary contacts.
Upon operation of the auxiliary switch 20,
cireuit will be closed from conductor 45 by
conductors 51 and 52, through said auxiliary
switch, by conductor 58, through the operat-
ing winding of switch 86, by conductor 54 to
main line 41. Thereupon the switch 36 will
respond .and shortcircuit the resistance R
from the motor circuit. Again, if an exces-
sive surge of current occurs upon shortcir-
cuiting the resistance R, the coil 24 of switch
86 will prevent operation of the auxiliary
switch 20 thereof until the flow of current is
reduced. to the desired value. Thereupon
the auxiliary switch 20 of switch 86 will
operate and close a circuit from conductor
52 to conductor 55, thence through the oper-
ating winding of switch 37, by conductor 56
to conductor 54. Thereupon the switch 37

will respond and shorteircuit resistance R/. .

Again, if an abnormal surge of current
occurs upon shortcircuiting the resistance

70

75

80

85

90

105

110 -

115

120

125



1,080,260

| R’, the auxiliary switch 20 of switch 87 will

be maintained cpen until the current in the
motor eircuit is reduced to the desired value.
Thereupon the auxiliary contact 20 of switch
37 will be moved into engagement with its

-contacts, thereby completing a circuit from

- conductor 52, by conductor 57, to conductor
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58, and thence through the operating wind-
ing of switch 38, by conductor 59 io con-
ductor 56. The switch. 88 will thereupon
respond and shorteircuit resistance R2.  The
motor circuit may then be traced from main

‘line 40, .through switch 35, by conductors 43,

46 and 60, through switch 38, and thence
through the motor as already traced. All
resistance i§ thus removed from the motor
cireuit and the motor will be brought up to
normal speed. ,

As previously set forth, the springs 83 of
the several switches may be so designed as to
prevent the attraction of any of the arma-
tures 27 by the coilg 24 after they have once

been released. Consequently, each of the.

accelerating switches, after having once re-
sponded, will be unaffected by any subse-
quent surges of current in the motor circuit.

Having thus described my invention, what
1 desire to secure by Letters Patent, is:—

1. In a controller for electric motors, in
combination, a plurality of automatic
switches for accelerating the motor; means
actuated by said switches for causing suc-
cessive operation thereof, and electrorespon-
sive: means for arrvesting thie operation of
said first mentioned means while abnormal
conditions prevail in the motor circuit, said
first mentioned means being adapted to be
arrested independently of the switches actu-
ating the same. '

9. In a controller for electric motors, in

combination, a plurality of automatic
switches for accelerating the motor, a plu-
rality of devices, each adapted to be actu-
ated by one of said switches to cause the op-
eration of another switch, and electrorespon-
sive means for arresting the successive oper-
ation of said devices whil¢ abnormal condi-
tions prevail in the motor cireuit, said de-
vices being adapted to be arrested inde-
pendentlyof the switches actuating the same.

3. In a comtroller for electric motors, in

combination, a plurality of automatic
switches for accelerating the motor, a plu-
rality of devices each adapted to be actu-
ated by one of said switches to cause the op-
eration of another switch, a resilient connec-
tion between each of said devices and its ac-
tuating switch, and electroresponsive means
for arresting the successive operation of said
devices while abnormal conditions prevail in
the motor circuit.

4.-In a controller for electric motors, in
combinationi, a  plurality of automatic

switches for accelerating the motor, a plu-

rality of devices each adapted to be actuated

by one of said switches to cause the opera-
tion of another switch, a resilient connection
between each of said devices and its operat-
ing switch, and a plurality of controllin
windings, one for each of said devices, each
of said controlling windings being adapted
to check the operation of its corresponding
device while abnofmal conditions prevail in
the motor circuit. : .-
5. In a controller for electric motors, in
combination, a plurality
switches, a plurality of devices each tendin
to operate upon closure of one of sai
switches to cause the operation of another of
said switches, a plurality of controlling
windings, one for each of said devices, each
of said windings being adapted to arrest op-
eration of its corresponding device while ab-

normal conditions prevail in the motor cir--
cuit, and means for retaining each of said

devices in the position to which it is moved

regardless of subsequent surges of current

through its controlling winding.

6. In a controller for electric motors, a
plurality of electroresponsive accelerating’
switches, a plurality of relay switches each
operatively connected to one of said acceler-
ating switches and tending to operate there-
with to energize another of said accelerating
switches, and- electroresponsive ‘means for
arresting the operation of said relay switches

upon the occurrence of abnormal conditions -

in the motor circuit, the connection between
each relay switch and its corresponding ac-
celerating switch permitting .operation of
the latter, while the former is arrested and

positively operating the former upon resto-

ration of normal conditions.

7. In a motor controller in combination,
a plurality of electroresponsive accelerating
switches, a plurality of relay switches each
operatively connected to one of said accel-

‘erating switches and tending to operate

therewith to ehergize another of said accel-
erating switches, and electroresponsive
means for arresting the operation of said
relay switches upon the occurrence of ab-
normal conditions in the motor circuit inde-
penderitly of their corresponding accelerat-
Ing switches, the connectiofi’ between each.
relay switch and its corresponding accelerat-
ing switch insuring operation of the former

upon restoration of normal conditions, and.

further insuring the retention thereof in the
position to which it is moved regardless of
subsequent surges of current in the motor
circuit. :

8. In a controller for electric motors in

combinatipn, a plurality of electrorespon--

sive accelerating switches, a plurality of re-
lay switches, an operative connection be-
tween each of said rélay switches and one
of said accelerating switches tending to
cause the former to move with the latter,
but permitting the latter to move inde-
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pendently of the former, and a plurality of
controlling windings one for each of said
relay switches, each of said windings be-
ing adapted to arrest the operation of its
corresponding relay switch upon the occur-
rence of abnormal conditions in the motor
cireuit. | )

9. In a controller for electric motors in
combination, a plurality of electrorespon-
sive accelerating switches, a plurality of
relay switches, an operative connection be-
tween each of said relay switches and one
of said accelerating switches, tending to
cause the former to move with the latter
but permitting the latter to move independ-
ently of theformer, and a plurality of con-
trolling windings one for each of said re-
lay switches, each of said windings being
adapted to arrest the operation of its cor-
responding relay switch upon the occurrence
of abnormal conditions in the motor circuit,
the connection between each relay switch
and its corresponding accelerating switch
insuring operation of the former upon
restoration of normal conditions in the
motor circuit and further insuring the re-
tention of its relay switch in the position
to which it is moved regardless of subse-
quent occurrences of abnormal conditions of
the motor circuit. .

10. In a controller for electric motors, in
combination, a plurality of electroresponsive
accelerating switches, a plurality of relay
switches, each having a vesilient conngction
with one. of said accelerating switches and
tending to operate therewith fo cause an-
other accelerating switch to respond, and a

controlling winding for each of said relay

switches adapted to arrest the operation
thereof upon the occurrence of abnormal
conditions in the motor circuit.

11. In a controller for electric motors, in

combination, a plurality of electroresponsive

accelerating switches each being provided

with an auxiliary contact adapted to cause

the cnergization of another accelerating
switch, a controlling winding for each of
sald auxiliavy contacts adapted to prevent
operation thereof while abnormal condi-
tions prevail in the motor circuit, and re-
silient connections between each accelerat-
ing switch and its auxiliary contact adapt-
ed to have energy stored therein for oper-
ating its auxiliary contact immediately
upon restoration of normal conditions in
the motor circuoit.

12. In a coniroller for electric motors, in
combination, a plurality of electrovesponsive
accelerating switches, each being provided
with an auxiliary contact adapted to cause
the energization of another accelerating
switch, a controlling winding for each of
said auxiliary contacts adapted to prevent
operation thereof while abnormal condi-
tions prevail in the motor circuit, and re-

- 1,080,208

silient connections between each accelerating
gwitch and its auxiliary contact adapted to
have energy stored therein for operating its
auxiliary contact immediately upon restora-
tion of normal conditions in the motor cir-
cuit, and for insuring the retention of its
auxiliary switch in the position to which
it is moved, regardless of subsequent surges
of current through its controlling winding.

13. The combination with an electric
switch, of 2 device associated with said
switch, an operative connection between said
device and said switch tending to positively
actuate said device upon operation of said
switch and electroresponsive meas for tem-
porarily checking the operation of said de-
vice. independently of said switch.

14. The combination with: an electric
switch, of an auxiliary switch, an operative
connection between sald switches tending to
positively operate the latter upon opera-
tion of the former, and an electroresponsive
winding for holding said auxiliary switch
against movement upon operation of said
first mentioned switch. '

15. The combination with an. electric-

switch of an auxiliary switch, a resilient
connection between said switches capable of
having energy stored therein, and an elec-
troresponsive winding for arresting the
operation of said auxiliary switch upon
operation of said first mentioned switch.

16. The combination with —an electric
switch, of an auxiliary switch, a resilient
connection bhetween said switches capable
of having energy stored therein, an electro-
responsive winding for arresting the opera-
tion of said auxiliary switch upon operation
of said first mentioned switch, said connec-
tion adapted to insure the retention of said
auxiliary swilch in the position to which it
is moved, regardless of subsequent energiza-
tion of said winding.

17. The eombination with an electrore-
sponsive switch, of an auxiliary contact
therefor resiliently connected therewith, and
an electromagnet for holding said auxiliary
switch stationary upon operation of said
first mentioned switch, said resilient com-
nection being adapted to have energy stored
therein to prevent attraction of said aux-
iliary switch by said magnet after the same
has been released. - .

18. Tn combination with a power circuit,
a plurality of contactors intended for op-
eration in succession to effect certain con-
nections in said power circuit, ausiliary
switches cobperating with certain of said
contactors, each arranged to control the
operation of a succeeding contactor, means
for positively holding each auxiliary switch
open while its cobperating contactor is cpen,
said means permitting each contactor to
close independently of its auxtliary switch,
but tending to positively move each aux-
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iliary switch to closed position upon closure
of its coGperating contactor, and electrical
means for controlling the closing of said
auxiliary switches: - C

19. In combination with a power cireuit,
a plurality of contactors intended for opera-
tion in succession to effect certain connec-

tions in said power circuit, auxiliary-
- switches: coSperating with certain of said
10

contactors, each arranged to control the op-
eration of @ succeeding contacter, a me-
chanical connection betwéen each contactor
and its auxiliary switch for positively hold-

- ing the latter open when the former 1s open,
15

and an electroresponsive controlling wind-

_ing for each auxiliary switch adapted to

20

hold the same in open position under pre-

.determined conditions, said connections be-

ing arranged to permit closure of each con-

tactor while its auxiliary switch is held in |

. open position ‘and to positively move the

latter to closed position when released by
its controlling winding, L
20. In a motor controller in combination,

8

a plurality of electroresponsive accelerat-
ing switches, auxiliary switches associated
with certain of said accelerating switches,
each arranged to control the circuit ofia
succeeding switch, a mechanical connection
between each of said switches and its aux-

iliary switch tending to positively. close the .

latter upon- closure of the former, and an

each auxiliary switch for preventing closurg
thereof while abnormal conditions prevail

in the motor circuit, said connections being

adapted to.permit closure of each accelerat-
ing switch independently of its auxiliary
switch when the latter is held open by its
controlling winding. .

In witness whereof, I have hereunto sub-
scribed my name in the presence of two wit-
nesses. - e ' '

' EDWIN B. H. TOWER, Jx.
Witnesses:

Frank H. HuBBaRD,
- 8. W. Frrz Gerawp.
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