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a preselected distance from the valve seat to limit the 
movement of the valve away from its seat. The stop 
spring is tapered slightly in the direction of the valve 
and is formed of a magnetically permeable material in 
order to increase the efficiency of the actuator. 

9 Claims, 3 Drawing Figures 
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TIME DELAY ACTUATOR. 

BACKGROUND OF THE INVENTION 

The invention relates generally tovcircuit breakers, 
relays or switches. More speci?cally the invention re 
lates to circuit breakers, relays or switches incorporat 
ing a hydraulic-magnetic actuator comprising a sole 
noid coil wound around a sealed tube containing a 
movable core and a retarding liquid through which the 
core is moved in response to the energization of the 
coil. The actuator also includes an armature pivotally 
supported adjacent the tube for movement toward and 
away from said tube depending upon the energization 
of thesolenoid coil. 
The purpose of the retarding liquid is to create a time 

delay between the energization of the coil at a 
preselected level and the subsequent tripping of the cir 
cuit breaker, or operation of the relay or switch con 
tacts. 

In devices of this type, when the coil is unenergized 
or energized below a preselected level, the core is 
moved by means of a biasing spring to a-position in the 
tube most remote from the armature. Upon energiza 
tion of the coil to a preselected level, however, the 
movable core is pulled toward the armature against the 
bias of the biasing spring by the magnetic ?ux 
generated by the coil, but its movement toward the ar 
mature is retarded by means of the retarding liquid 
which is forced to pass through the narrow space 
between the interior surface of the tube and the mova 
ble core. The rate at which the core moves through the 
tube is determined by the ‘viscosity of the retarding 
liquid. When, after a preselected time, the core reaches 
the end of the sealed tube nearest the armature, the cir 
cuit breaker, relay or switch, as the case may be, is ac 
tivated. 
When the coil is subsequently de-energized or ener 

gized below a preselected level, the core is again moved 
by the biasing spring toward the end of the tube most 
remote from the armature to a reset position. It is, of 
course, desirableto have the movable core reach its 
reset position as rapidly as possible. In order to accom 
plish this the movable core is provided with a central 
bore or passage extending longitudinally through the 
core. A ball-type check valve is located in this passage, 
the valve being seated or unseated depending upon the 
direction of movement of the COI'Ci- In response to the 
movement of the core toward the armature, the valve is 
moved onto its seat whereby the retarding liquid is 
blocked from passing through the central passage in the 
core, while in response to the movement of the core 
away from the armature, the valve is unseated to permit 
substantially unobstructed ?ow of the retarding liquid 
‘through the passage. - 

The invention is directed speci?cally to a means for 
. limiting the movement of the ball-check valve away 
from its seat during the time in which the movable core 
is moving toward its reset position. 
One prior art arrangement for this purpose is seen 

generally in U.S. Pats. Nos. 2,694,789 and 2,200,109 
wherein a stop pin is mounted in a hole in the movable 
core traversely of the central passage through the core 
and located a sufficient distance from the valve seat to 
permit a substantially unimpeded ?ow of liquid through 
the passage in the core when the valve has been un 
seated, but nevertheless to limit the distance which the 

2 
valve may move away from its seat so as to permit its 
rapid return to its seat in response to the motion of the 

. core toward the armature. 
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A drawback associated with the above noted prior 
art arrangement is that it necessitates the accurate 
drilling of a diametrically disposed hole into which the 
stop pin may be inserted, thereby adding to the cost of 
the actuator and the time required to assemble it. 

OBJECTS AND SUMMARY OF THEINVENTION 

A principal object of this invention is the provision of 
an improved hydraulic-magnetic time delay actuator 
for use in connection with circuit breakers, switch or 
relays. 
A still further object is to provide an improved means 

for limiting the movement of a check valve to control 
the ?ow of a retarding liquid through a movable core in 
a time delay actuator of the above noted type. 
A still further object is to provide a time delay actua 

tor which is inexpensive and easily assembled. 
The preferred embodiment of the invention com 

prises a hydraulic~magnetic actuator which includes a 
hollow non-magnetic tube around which is wound a ' 

solenoid coil and in which is contained a movable core 
and a retarding liquid. The movable core has formed 
therethrough a central bore in which is located a check 
valve. The bore forms a seat near one end thereof on 

which the valve may become seated to obstruct the 
?ow of retarding liquid through said core. A helical 
stop spring at least a portion of which has an initial ex 
terior diameter greater than the interior diameter of the 
bore is twisted against itself to reduce its diameter and 
is thereby inserted into the bore, the leading edge of the 
inserted spring being spaced a preselected distance 
from the seated valve, so as to limit its movement away 
from the seat when it becomes unseated. The stop 
spring is held in place in the bore by frictional engage 
ment with the interior surfaces thereof. The stop spring 
may be made of a magnetically permeable material 
and, in addition, may be tapered in the direction of the 
valve seat to further improve the operation of the ac 
tuator. 

The foregoing and other objects of the invention, the 
principles of the invention, and the best mode in which 
I have contemplated applying such principles will more 
fully appear from the following description and accom 
panying drawings in illustration thereof. ' ' 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings; ' 

FIG. 1 is a longitudinal sectional view through the 
casing of the circuit breaker of the invention, showing 
the‘ operating mechanism of the circuit breaker in 
elevation and including a longitudinal sectional view of 
the time delay tube and movable core according to the 
invention incorporated therein; 

FIG. 2 is an enlarged longitudinal sectional view of 
the movable core showing the details of the check valve 
and stop spring; and 

FIG. 3 is a traverse cross sectional view of the mova 
ble core taken along the line 3-3 of FIG. 2. 
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DESCRIPTION OF THE PREFERRED 
‘EMBODIMENTS ' ' 

For illustrative purposes, the improved hydraulic 
magnetic actuator according to the invention is shown 
as being incorporated into a circuit breaker of the type 
shown in U.S. Pats. Nos. 2,694,789, 2,000,109 and 
2,360,922. It should, however, be understood that the 
improved hydraulic-magnetic actuator disclosed herein 
may be incorporated into various other types of circuit 
breakers, and in addition, may also be incorporated 
into various relays and switches. 

Referring to FIG. 1 of the drawings, there is shown a 
circuit breaker 10 comprising an insulating case 11 and 
an operating mechanism 12. The operating mechanism 
12 is described in detail in the prior patents noted 
above, among others, and will therefore be described 
only brie?y immediately hereinafter. 
The circuit breaker operating mechanism 12 com 

prises a main frame 13 which is ?xedly supported 
within the insulating case 11. The frame 13 is generally 
L-shaped, is made of a magnetically permeable materi 
al, and is provided with a pair of ears 15 containing 
holes for carrying a pivot pin 16 on which a switch 
blade 17 is rockable into and out of engagement with a 
stationary contact 18 connected to a line terminal 19. 
The switch blade 17 is continuously biased in the 
direction away from engagement with the contact 18 
by a main spring 20. 
The switch blade 17 is coupled to an operating han 

dle 21 through an overcenter toggle comprising the 
links 22 and 23. The handle 21 is integral with a handle 
link 24 which is pivotally supported on a pin 25 carried 
in holes in another pair of ears 28 extending from the 
main frame 13. The toggle may be latched or locked to 
form a rigid connection between the handle 21 and the 
switch arm 17 by means of a latch shaft 26 which en 
gages a tooth 27 on the link 22, as explained more fully 
in U.S. Pat. No. 2,360,922. The latch shaft 26 may be 
rotated to collapse the toggle by moving the trip arm 29 
thereof, to allow the tooth 27 to move past the flat face 
of the shaft 26. If, when the switch blade 17 is locked 
into contact with the contact 18, the trip arm 29 is so 
moved, the switch blade -17 will move away from the 
contact 18 as a result of the collapse of the toggle and 
the biasing action of the main spring 20. , 
The moving of the trip arm 29 to collapse the rigid 

toggle and open the circuit breaker is effected by a 
hydraulic-magnetic time delay actuator 30. The time 
delay actuator 30 comprises an L-shaped armature 31 
having an attractable arm 32 and an actuating arm 33 
and pivotally supported’ from the main frame 13 on a 
pin 34. The armature 31 is continuously biased for 
rotation in a counter-clockwise direction by means of a 
spring (not shown) wound on the pin 34 so that the ac 
tuating arm 33 is normally out of engagement with the 
trip arm 29 and the attractable arm 32 is in abutment 
with a stop member 36, which limits the rotation of the 
armature 31. 
The actuator 30 also includes a time delay tube 41 

around which is wound a solenoid coil 40, the time 
delay tube being supported in an opening in one leg of 
the L-shaped main frame 13. The armature 31 is, of 
course, made of a magnetically permeable-material so 
as to be movable by the magnetic ?eld generated by the 
solenoid coil 40. As is well known in the art of circuit 
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4 
breakers, one end of the coil 40 is soldered or other 
wise ?xedly connected to the switch blade 17 by means 
of a braided wire 44, while the other end of the coil 40 
is connected to the terminal 43. 
The time delay tube 41 contains a movable core 42 

and a retarding liquid 45 and is closed at one end by a 
magnetic pole piece 46. The core 42 is made of a mag 
netically permeable material and is movable longitu 
dinally through the retarding liquid 45 in the tube 41 by 
the magnetic field generated by the coil 40. The core 
42 is biased by a biasing spring 47 away from engage 
ment with the pole piece 46, the forepart of the core 42 
being reduced in diameter to permit passage thereof 
through the spring 47 into contact with the pole piece 
when the core is in its attracted position. The core 42 
makes a slip ?t with the interior surface of the tube, 
such ?t being sufficiently loose to permit slow seepage 
of retarding liquid from one side of the core 42 to the 
other during axial movement of the core toward the 
pole piece 46 under the in?uence of the magnetic field 
generated by the coil 40. The core 42 has formed 
therethrough an axial bore or passage 50 having 
located therein a check-type ball valve 51. The bore 50 
adjacent one end of the core 42 is narrowed to form a 
seat 52 for the valve 51. 

Also contained within the bore 50 is a helical stop 
spring 55 whichserves to limit the movement of the 
ball valve 51 away from its seat 52. The spring 55 is 
tapered in diameter in the direction of the valve 55 and 
is preferably made of a magnetizable material to 
further add to the magnetizable mass of the core 42 and 
thereby improve the operation of the actuator 30. A 
least a portion of the spring 55 has an outer diameter, 
prior to insertion into the bore 50, which is greater than 
the interior diameter of the bore 50. 
The stop spring 55 is inserted into the bore by twist 

ing the spring 55 on itself to reduce its diameter while 
concurrently pushing it into the bore 50. In order to 
facilitate insertion into the bore 50, the stop spring 55 
is terminated on its leading or root end 56 with a 
diametrically disposed tang 57. An inserting tool (not 
shown) is designed to pass through the .stop spring .55 
and engage this tang 57 during the insertion process. By 
pushing the spring 55 into the bore 50 and concurrently 
twisting the spring 55 on itself by means of the tang 57, 
the spring 55 is reduced in diameter sufficiently to 
allow it to enter the bore 50. 
The spring 55 is held in place in the bore 50 by fric 

tional engagement with the interior surface thereof, 
resulting from the natural tendency of the spring to 
return to its original diameter while being restrained 
against doing so by the smaller diameter of the bore 50. 
The leading edge of the inserted stop spring 55 is 
located a preselected distance from‘the valve seat by 
means of the inserting tool (not shown) to limit to a 
preselected distance the movement of the valve away 
from its seat. 

In operation, when the current ?ow through the sole 
noid coil 40 reaches a predetermined level the mag 
netic ?ux generated thereby causes the core 42 to 
move toward the pole piece 46 against the bias of the 
biasing spring 47. The rate of movement of the core 42 
is dependent upon the viscosity of the retarding liquid 
45 in the time delay tube 41. When rapid movement of 
the core is desired, a light liquid is employed, whereas 
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when a more retarded movement is desired a more 
viscous fluid may be used in the tube. After the lapse of 
a sufficient amount of time the core 42 approaches the 
pole piece 24 sufficiently to decrease the reluctance of 
the magnetic current to a point where the attractable 
arm 32 of the armature 31 is attracted into contact with 
the pole piece 46. As the attractable arm 32 moves 
toward the pole piece 46, the actuating arm 33 of the 
armature abuts and moves the trip arm 29, thereby 
turning the lock shaft 26 and collapsing the toggle to 
open the circuit breaker contacts. 
When the solenoid coil 40 is de-energized, the core 

42 is moved by the biasing spring 47 away from the 
pole piece 46 toward its reset position at the end of the 
time delay tube 41 most remote from the pole piece 46. 
During this movement the valve 51 moves away from 
its seat 52 until its movement is limited by the leading 
end 56 of the stop spring 55, thereby permitting a sub 
stantially unimpeded ?ow of retarding liquid through 
the central bore or passage 50 in the movable core 42. 
As a result of the flow of liquid through the bore 50, the 
movable core 42 returns to its reset position in an ap 
preciably shorter time than would otherwise be possi 
ble. 

Having described this invention, what I claim is: 
1. A time delay actuator comprising, 
a magnetic frame, 
a tube supported from the frame, 
a coil encircling said tube, 
a pole piece forming a closure for one end of said 

tube, ' 

an armature pivotally supported from said frame and 
rotatable toward and away from said pole piece, 

a fluid filling said tube, ' 
a magnetically permeable core in said tube, 

said core being movable along the axis of said tube 
through said fluid under the in?uence of the 
magnetic flux generated by said coil, 

said core including an axial bore therethrough, 
a ball valve located in said bore, 

said bore forming a seat for said valve, and 
a helical spring located in said bore, a portion of said 

spring having an outer diameter, prior to insertion 
into said bore, greater than the inner diameter of 
said bore, the leading edge of said inserted spring 
being located a preselected distance from said 
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6 
valve seat to limit the movement of said valve away 
from said seat. 

2. The combination recited in claim 1 wherein the 
outer diameter of said helical spring is tapered in the 
direction of said valve. 

3. The combination recited in claim 2 wherein said 
helical spring is made of a magnetically permeable 
material. 

4. The combination recited in claim 3 wherein said 
spring includes a diametrically disposed tang at its lead 
ing end, said tang suitable for being grasped during in 
sertion of said spring into said bore to reduce its diame 
ter and thereby permit said spring to enter said bore. 

5. In a time delay actuator including a time delay 
tube, a solenoid coil wrapped around said tube, a re 
tarding fluid and a movable magnetic core within said 
tube, a biasing spring for biasing said core to ‘a first 
position in said tube, said core being movable longitu 
dinally through said tube against the bias of said biasing 
spring to a second position in response to the magnetic 
?eld generated by said coil, said core having formed ' 
therethrough an axial bore, a valve housed in said bore, 
said bore forming a seat for said valve, the improve 
ment comprising resilient means located within said 
bore on the side of the valve opposite said seat for limit 
ing the movement of said valve away from its seat when 
said core moves from said second position to said first 
position, said resilient means being in tensionecl condi 
tion while in place in said bore to exert an outward 
force against the interior surface of said bore to thereby 
hold said means in place in said bore. 

6. The combination recited in claim 5 wherein said 
resilient means comprises a helical stop spring, a por 
tion of said stop spring having an outer diameter, be 
fore insertion into said bore, greater than the interior 
diameter of said bore. 

7. The combination recited in claim 6 wherein said 
stop spring is tapered in diameter with the leading end 
of said inserted spring having a smaller diameter than 
the trailing end of said inserted spring. . 

8. The combination recited in claim 7 wherein said 
spring is made of a magnetically permeable material. 

9. The combination recited in claim 8 wherein the 
leading end of said inserted spring includes a diametri 
cally disposed tang. ‘ 
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