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To all whom it may concern: _ . 
. Be it known that I, MARSHALL H. Res 
SELL, a citizen of the United States, resid 
ing at Cincinnati, in the county of Hamil 

5 ton, tate of Ohio,‘ have invented certam 
new and useful Improvements in Systems 
and Apparatus for 'Delaying Response of 
Electroresponsive Devices, of which the fol 

' - lowing-is a speci?cation. \ 
' 10 My invention relates to electroiresponsive 

devices and more particularl to electrically 
' actuated control systems an apparatus-for 
delaying the response of such devices. 

_ ' ‘ ,Qn'e' of the objects‘of my invention is to 
15 provide an improved electrically actuated 

control system and apparatus by means of 
which the response -.of an electro-responsive 
device is delayed for a predetermined time 
interval after the initial energization 

29 thereof. 
Another object of my‘ invention is the 

. provision of means for normally preventing 
the response of an electro-responsive device, 
together with an electrically actuated tim 

25 ing mechanism arranged to be energized si 
multaneously with’ the initial ener 'zation 
of the electro~responsive deviceffor disabling 

fthe said means afterv ‘a predetermined time 
interval so as-to'then permit response ofthe 

30 device and also of additional means actuated 
upon the response of the electro-responsive 
device for maintaining the ?rst means ‘dis7 
abled independently .of the timing mecha 
nism. _ ~ ' e ’ ' 

35 " A ‘further object of my, invention is to 
providei-an improved electrically actuated 
control system and apparatus for a series 
of electro-responsive devices in which the 
several devices respond successively at pre 

40 I determined time intervals after‘the initial 
‘, ,energization of the ?rst device. '. \ 

My invention is of particular utility 

switches employed in‘coiitrolsystems al 
45 though 'it will be evident that my‘ invention I, 

may also be employed tondelay the response. 
' of other electro-res onsive devices. 

v _ ’ » For "a better on erstanding ofsmy' inven 
tion, reference may be had to the following 

:50 description together with the accompany 
"mg drawings in which Fig. 1 diagrammati 
cally ~illustrates the invention applied‘ to 
delay the response of a series of electromag 
netic switches which control ‘a plurality of 

electric motors and Fig. 2 showsa motor 
control system embodying a modi?ed form 
ofithe invention. The novel features which 
I believe to be characteristic of my inven 
tion .are set forth with particularity in' the 
appended’ claims. _ 
Referring to Fig. 1 of the drawings, the 

electromagnetic switches 10 and 11 are'pro 
~_vided_with operating windings 12, 13, and 
movable magnetic members 14, 15, respec 
tively, and constitute theelectro-responsive 
devices to which my invention ..is applied. 
The electromagnetic switches 10 and 11 are 
arranged to‘ independently connect the elec 
tric motors 16 and 17 respectively to'the 
power supply lines 18, 19 and 20 through 
suitable electrical conductors. As shown, 
themotors16 and 17 are each of the three 
phase ‘alternating current type and the sup-' 
ply lines 18, 19 and 20 ‘correspondingly rep 
resent a three I phase alternating- current 
source, although it will be evident that any 
other desired type of translating device may 
be arranged-to be connected to a suitable 
supply rsource. by the electromagnetic 
switches 10 and 11. 
To control the energizing circuits of'the' 

operating windings 12 and 13 of the switches 
.10 and 11,-the manually operated control 
buttons 21, 22, 23 and 24 are provided, the 
?rst two of which are biased by suitable. 
means to the position shown and the last 
‘two are operable at will from the position 
shown to the position in which a circuit is 
closed at the lower contacts, together with 
the electromagnetic switch 25, ' which is 
biased to the position shown, and the sev 
eral control buttons and switches are con_ 
nected with the energizing circuits of the-v 
motors 16 and 17 in a manner which will. be 

_ more fully describedin connection with the 
. ‘operation of my invention. 
~delaying the response of electro-magnetic' ' 

electromagnetic switches 10 and 11-‘are each 
provided with an electrically actuated tim 
.1ng mecha'nsim, indicated as 26 and 27 re; 
spectively, for delaying the responseof. the 
corresponding switches a predetermined 
time‘ interval after the initial energization 
thereof. ‘In the motor control systemvshown, 
this insures-that the "motors 16.&B.Ild 17' are 
successively-connected to the supply lines 18, 
19 and 20 and accelerated to running speed, 
whereby the current required in starting the 

In accordance with my invention, , the~ 
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several motors is materialy less than if they 
are simultaneously started. 
The electrically actuated timing ‘mecha 

nism 26, in the referred form shown, com 
prises an electrical controlling means such, 
as the resistor 28 and an electrically heated 
thermal responsive relay .29-a'rranged to dis 
able the controlling means. The resistor 28 
is normally connected in series circuit with 
the operating winding 12 of electromagnetic 
switch 10 and is of su?icient ohmic resist 
ance to prevent response of the latter when 
the energizingv circuit of the winding .12 is 
closed. " The thermal relay‘ 29 includes a 
suitable thermal responsive-rv member 36, 
which as shown is of the bi-metallic thermo 
static type, and a heating coil 31, which is 
arranged in close thermal relation with the 
thermal responsive element 30 and is con~ 
nected so as to be ener ized simultaneously 
with the energization o the operating wind-v 
ing 12 of electromagnetic switch 10. One 
end of the bi-metallic element 30 is ?xed- in 

‘ a suitable support 32 and the free end is 
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biased when cool I to ‘the position shown. 
When the coil 31 is energized, the thermal 
responsiveelement 30 is heated and the free 
end of the latter bends to the left and per 
mits the pivoted switch 33 to be moved into 

I engagement with the adjustable contact 34 
by a suitable tension spring 35. 

nism 27 comprises a resistor 36, a heating 
coil 37, a'thermal responsive element 38 and 
a pivoted switch 39, each of which is similar 
to the" corresponding part of timing mecha 
nism 26 and is arranged in the same manner, 
as previously described. ‘ ' I ' 

The electromagnetic switches‘ 110 and 11 
_ are provided with the auxiliary contacts 40 
and 41 respectively which are moved to the 
closed position and short circuit t e resistor 
and the heating coil of the corresponding 
electrically actuated timing mechanism 26 
and 27 when each switch responds to ener 
gization of its operating winding.‘ 
As thus constructed and arranged and 

- with the parts in their respective positions 
shown, the operation of my invention in de 
layin the ' response of ‘electromagnetic 
switc es 10 and 11 is as follows:v Assume 
that the supply lines 18, 19 and 20 are suit 
ably energized to operate the motors l6 and 
17 when the electromagnetic switches 10 and 

.11 are operated 'to ‘the ‘closed’ osition. Clo 
sure of control button 21 Wlll initiate the 
successive operation of electromagnetic 
switches 10‘ and 11 by‘ ?rst establishingian . 

energizing circuit for the operating win 
of e ectromagnetic switch 25 from the sup 
ply line 18, through the control' button 22 
and control button'21 in series, and the op 

winding of electromagnetic switch 
25 to t e other supply line 19. ~ 

Electromagnetic switch‘ 25 at once closes 

1,552,235 
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and an venergizing circuit for the-operating 
winding 12 of electromagnetic switch 10 is 
completed ‘from supply l1ne'18 through the 
control button 22, the upper blade of switch 
25, the control button 23, the heating coil 

' 3laand the resistor 28 of the electrically ac 
tuated timing mechanism 26 in series, the 
ioperating winding 12 and thence through 
the lower blade of switch 25 to .the other 
supply line 19. It will be observed that clo 
sure of, the upper‘ blade of electromagnetic 
switch 25 also completes a holding‘ circuit 
for the operating winding of this switch in 
shunt with the control button 21 and the lat 
ter may 'then'be released to return to the 
open position according to its bias.- ‘ t 

- As previously poined, out, the resistor 28 
limits the initial energizing current of op 
erating .winding 12 below the value at 
which the movable magnetic member 14 will 
respond. The heating coil 31, however, is 
energized \by this initial energizing current 
of the operating winding 12 and gradually 
"heats the thermal responsive element 30. 
After a ‘predetermined time interval the. 
thermal responsive element 30 will be sul? 
ciently heated to bend to the left and per 
mit the pivoted switch- 33 to be moved into 
engagement with the adjustable contact 34 
by tension spring 35. _ 'It will be understood 

_ ‘g ' that by proper‘ adjustment of the contact 34, 
The electrically actuated timing mecha-. the time interval between the initial ener 

gization of operating winding 12 and .the 
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closure of pivoted switch 33 may be varied ‘ 
at will. Closurevof the pivoted switch 33 
short circuits thev resistor 28 and thereupon 
the energizing current of operating winding 
12 is'increa’sed to full value, ThlS at once 
effects the’ response of movable ‘magnetic 
member 14. to ‘close the electromagnetic 
switch 10 and energize the motor 16 from 
the supply lines 18, 19 and 20. At vthe same 
time the auxiliary contact 40 of electromag 
netic switch 10 is closed and‘short circuits 
both the resistor 28 and the heating coil 31 
of the /"electrically actuated timing mecha 
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nism 26. Upon‘ the deenergization otthe/ 
heating coil‘31, the thermal responsive ele-, 
ment 30 is permitted to cool and return to 

I the position shown in- the drawing accord 
to its bias, thus actuating the pivoted 

switch 33 against the strain of the tension 
sprin 35 to the open position in prepara-' 
tion or" a subsequent operation‘. ' A 

It will be observed that upon ‘the closure 
of electromagnetic switch 10 and the con 
sequent energization of motor 16, an ener 
gizing circuit for the operating winding 13 
of- electromagnetic switch 11 is completed 
from the supply line 18 through the lower 
blade of electromagnetic switch 10, the con- 
ductor 42, ‘the control button‘ 24, the heat“ 
ing coil 37 and resistorv36 of‘ the electrically 
actuated timing mechanism 27 in series, the 
winding 13, the ‘conductor 43, and the lower 
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blade of electromagnetic switch‘ 25 ‘to! the 
othersupply line 19. The resistor 36, how 
ever, preventssu?icient energization of the 
operating winding 13 to ve?ect response of 
the movable magnetic-'member 15. ‘The 

Y heating coil- 37 , is energized and heats the 

'10 

thermal responsive element 38-and the latter 
gradually moves tortheleft and after a pre 
determined time interval permits the pivoted 
switch 39 to close and short circuit the re- ' 
sistor 36. ‘ Thereupon the energization of 
voperating winding 13 is increased to full 
value and effects response of movable mag 
netic member . 15. The electromagnetic 

. switch 11 is thus operated to the closed .posi 
tion and the motor 17 is energized from they 
suppl lines 18', 19 ‘and 20, the resistor 36 v 
and t e heating coil 37 are short circuited 
by means of theauxiliary contact 41, and» 
the conductor 44 is connected to the supply 

v‘lines 18 through‘ the lower blade of 
switch '11. J ' 

Although I have illustrated only ' two 
. electromagnetic switch which respond in 
sequence a predetermined ‘time interval 
‘after the closure of the energizing circuits 
thereof, it will be understood that any de 
sired number of additional electromagnetic 

, switches may be operated in similar manner 
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and I have shown the conductors 113 and 44 
extended to the ‘right “to indicate connec~ 
tions to such additional electromagnetic 
switches. _ ‘ ' 

Should it be desired to omit operation of 
the electromagnetic switch 10» and initially 
energize the electromagnetic switch 11 by 
the operation of control button 21, the con 
trol button‘23 is ?rst operated from the 
position shown so as to open the energiz 
ing circuit of the operating winding 12 of I 
electromagnetic switch 10 at the upper con 
tacts- thereof and to cldse the energizing 
circuit of operating winding 13 of electro 
magnetic switch 11. .. at the lower contacts 
thereof. Closure of control button 21 and 
the conseduent response of electromagnetic 
switch 25‘ will then initially complete an 
energizing circuit for operatingwinding 13 
of electromagnetic switch 11 as follows: 
from supply line 18 through the control 
button 22, theupper blade of electromag 
netic switch 25, the control button 23 in its‘ 
lower position, the control button 24 and the 
heating coil 37 and resistor 360i theelectri 
cally actuated timing mechanism in series, 
the operating winding 13, conductor 43 and 
the lower blade of electromagnetic switch 
25 to the otherjsupply line ‘19.- This.e?ects._ 
the response of electromagnetic ‘switch-11‘ 
after a‘ predetermined time interval in ex 
actly the same manner as previously de 
scribed. It will be evident that when -ad-. 
ditional electromagnetic switches‘ are con-'5" 
nected to the conductors 43 and 44, the con 
trolqbutton 24 may be operated _from__the_ 
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position shown to‘ the ‘position in which its 
lower contacts are closed in order to omit 
the operation of electromagnetic-switch 11 
and ‘effect the delayed operation of the next 
succeeding‘switch. ' ‘ ' “ ‘ 

At any time after'the operation of con-_ 
70 

trol button 21 and the response 'oflelectro- - 
magnetic switch 25, further operation of 
my improved electrically actuated control”~ 
system and apparatus may be stopped by 
the actuation of control button 22 from the 
closed position shown’ to the open position. ’ 
Opening of control button 22 effects the de 
energization of the operating winding of 
electromagnetic switch 25 and the latter 
opens according to its bias to deenergize 
all of the other apparatus in the system. 
In case it should be desirable to velitni- ' 

nate the delay in ‘the response of the ?rst 
electromagnetic devicein the series to which 

80 

an 
my invention is ‘applied, a control system \ 
and apparatus such as shown in Fig. 2 may 
be employed. '_ 

> In the arrangement shown in Fig. 2 the 
additional electromagnetic switch 50 hav 
ing an operating winding 51 and a movable 
magnetic memberl52 is provided for con 
necting the motor 53 to the supply lines 18, 
19 and . 2O - before the electromagnetic 
switches 10 and 11 are successively operated 
to connect the motors' 16 and 17 to the sup‘ 
ply lines in a similar manner to that. dc? 
scribed in connection with Fig._.,1. . 
The electromagnetic switch’50 may be 

similar in all respects to the electromagnetic 
switches 10 and 11 except that the former 
is not provided with an electrically actuated 
timing mechanism. ‘- The operating winding 
51 of electromagnetic switch 50 is so con 
nected in the control system that upon clo 
sure of control button 21 and the resulting 
response of electromagnetic‘v switch 25, 
the windingv 51 is immediately energized 
through a circuit extending from the sup 
ply line 18, the control button 22, the up 
per blade of electromagnetic switch 25, the 
control button 54 which is similar in con 
struction to the control buttons, 23 and 24 
as previously described, the'winding 51 and 
the lower blade of. electromagnetic switch 
25 to‘ the other supply line 19. 4 Upon ‘the 
resulting closure of electromagnetic switch 
50 the motor 53 is connected ,to the supply 
lines and the operating winding 12 of elec 
tromagnetic switch 10 is also energized 
through the lower blade of switch50 and 
the conductor 55. v ‘ I e 

,g It will be observed in Fig. 2 that the elec 
trically actuated timing'mechanis'ms 26, and 
27 votelectromagnetic switches 10 and 11 
are .a modi?cation of the form shown and 
described "in connection with Fig. 1.' In 
the modi?ed form illustrated, the resistors, 
56 and 57 are arra-n ed to' perform theco‘ - 
vbined functions ofI eating the thermal re- . 
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sponsive elements 30’and 38 as well as pre 
venting operative energization of the wind 
ings 12 and 13 of the electromagnetic 
switches 10 and llrrespectively. Further 
more the thermal responsive elements 30 
and 38 are arranged tobend to the right 
when heated and directly short circuit the 
resistors “56 and 57 . . ' 

From the foregoing it will be readilyun 
‘derstood '; that after- the closure of control a 
button 21 and the resulting response of elec 
tromagnetic switches 25 and 50, the energiz 
ing circuit for the operating winding 12 
for electromagnetic switch 10 is established 
from the supply line 18 through the lower 
blade of switch 50,'the conductor 55, con 
trol button 23, the resistance 56, winding 
12, conductor 43, and the lower blade of 
electromagnetic switch 25 to the other sup 
ply line 19. The resistance 56 maintains 
the initial energizing current through the 
winding 12 at a value below that required 
to effect operation of the movable magnetic 
member vlél. This value ofcurrent through 
the resistor 56 however heats the thermal 
responsive element 30 and the latter gradu-i 
ally bends to the right and after a predeter-l 
mined time interval short circuits the re 
sistance 56. The energization of operating 
winding 12 is thereupon increased to full 
value and the switch 10"‘is operated to the 

, closed, position to connect the motor 16 to 

40 
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_ resulting \ 

switch 11- to connect the motor 17 to sup-N 

the supply'line 18, 19 and 20, and at the 
same tlme to independently short circuit the 

resistance 56 by closure of the auxiliary 
contact 40, and also establish an energizing 
circuit for the operating winding 18 and 
electromagnetic switch 11 through the con; 
ductor 4Hand the control button 24; The 

operation ' of electromagnetic 

ply lines 18, 1.9, 20, after a predetermined 
time interval is obviously similar to that 
of switch 10 as just described. 
The features of selectively omitting op 

eration of any of the electromagnetic 
switches shown in Fig. 2 and of connecting 
additional switch units to the extensions of 
the conductors 42 and 43 are the same as 
described in connection with Fig. 1. 
In accordance with the provisions of the 

patent statutes, I have described the prin 
ciple'of‘operation of my invention, together 
with the apparatus which I now consider 
to rripresent the best embodiment thereof; 
but desire to have it understood that the 
apparatus shown’ is- only illustrative, and " 
that the invention can. 
other means. I _ 

i What I claim as new and desire to secure 
by Letters Patent of the United States is :— 

1. The combination with an electro-ree 
sponsive device, of means normally ark 
ranged to prevent response thereof, an elec 

e carried _ out by 

' for maintainin 
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vgized simultaneously with the initial ener-' 
gization of said device and having a mov 
able member for disabling the sa1d means 
after a predetermined time interval to per 
mit res onse-of the said device and means 
actuate upon the response of said device 

the said ?rst means dis 
abled indepen ently of the said‘ timing 
mechanism. 

2. The combination with an electro-re 

70 

75 
sponsive device, of a resistor in circuit there- ., 
with and normally reventing response 
‘thereof, an electrical y actuated timing 
mechanism energized responsively to the 
current in the‘ said circult and having a 
movable element for short circuiting the 
said resistor‘. after a predetermined time 
interval to permit response of the said de— 
vice, and'switch mechanism actuated upon 
the res onse of said device for maintaining 
the said) resistor short circuited independent 
ly of the said timing mechanism. 

3. The combination withan electro-re 
sponsive device, of a resistor in the enerrriz 
ing circuit of the said device and normally 
preventing operative energization thereof, a 
thermal element heated responsively to the 
current in the said circuit for short circuit 
ing the said resistor after a predetermined 
time interval to permit operative energiza 
tion of the. said switch, and switch mecha~ 

-vice for maintaining the said resistor short 
circuited independently of the said element. 

_ 4. The combination with‘ an electro—re 
sponsive device, of a resistor in circuit with 
the operating winding of the said device and 
normally preventing operative energization 
thereof, a thermal electric timing mecha 
nism' comprising a heating coil electrically 
connected in said circuit, and a thermal re 
sponsive member thermally related to said 
coil and switch mechanism operated by the 
said member for short circuiting the said re~ 
sistor a‘ predetermined time interval after 
the energization of said winding and said 
coil ‘to permit operative energization of the 
Said switch.' l ' v - ,' ' 

5. A sequence control system for a series 
of electrically operated devices, comprising 
resistors in circuit with each of said’ devices ' 
for preventing operative energization there 
'of, electrically actuated timing-mechanism 

' energized responsive] to the energizing cur- ' 
rentofeach device or short circuiting the 
corresponding resistor to’ permit operative‘ 
energ1zat1on of each‘ device a- redetermmed. 
time interval. after the ,initia .. energization 
thereof,- and switch mechanism actuated 
upon the response of each device for main- 
taining the'correspondin resistor short cir 
cuited independently 0 ,the said timing 
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'nism actuated upon the response of said de- - 
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mechanism and forrenergizing-the, next 3110- ' 
-ce_ed_ingde‘viée in the series. .‘ ‘ 

trically actuated timing mechanism ener-v 6. sequence control system. a series 130 
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' resistors in the energizing circuit-of ‘each' 

20 
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of electrically operated devices, comprising 
resistors in the energizingcircuit of each of 
said devlces for preventing operatlve en 
ergization thereof, a thermal responsive‘ ' 
member heated responsively to the energiz 
ing current of each device for short circuit 
ing the corresponding resistor to permit 
operative energization of each device a pre 
determined time interval after the initial 
energization thereof, and switch mechanism 
actuated upon the response of each device 
for maintaining the corresponding resistor 
short circuited independently of the said 
timing mechanism and for energizing the 
next succeeding device inthe series. 

7. A sequence control system for a series 
of electrically operated devices, comprising 

of said devicesu'for preventing operative en 
ergization thereof, electrically heated ther 
mal timing means initially energized re 
sponsively to the energizing current of each 
device, the said means comprising thermal 
responsive members operable between cool 
and hot positions for controlling the cor-v 
responding resistor to' permit operative-en 
ergization of each device a predetermined, 
time interval after the initial energi’zation 
thereof, and switch mechanism controlled by 
said devices and electrical connections 

whereby upon the operation of each of said 
devices the next succeeding device in the 
series is energized. - 

8. A sequence starting system'for a plu— 
rality of electric motors, comprising a se 
ries of se arately operated electromagnetic 
switches or independently connecting each 
motor to a source of supply, resistors in se 
ries circuit with the operating windings of 
said switches for preventing operative ener 
gization thereof, thermal timing means ccn1-» 
prisin heating coils in series circuit with 
the sa1d operating windings and energized 
responsively to the energizing current of 
each switch, and thermal responsive ele 
ments thermally related to said coils and op 
erable between cool and hot positions for 
controlling the corresponding“ resistor to per 
mit operative energization of each switch a 
predetermined time interval’ after the im 
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tial energization thereof, and electrical con- - 
nections controlled by each switch whereby‘ 
‘upon the operation of said switch, the cor 
responding heating coil and resistor are 
short circuited and the next" succeeding 
‘switch in the series is energized. 

, In ‘witness whereof, I have ‘,"hereunto set‘ 
my hand this 14th day of December, 1923. 

MARSHALL H. RUSSELL‘ I - 


