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Application August 2, 1946, Serial No. 687,996 
Claims. 

This invention relates to circuit interrupters 
and is particularly directed to the tripping means. 

Objects of this invention are to provide a cir 
cuit interrupter which has tripping means SO ar. 
ranged that a very large time delay can be se 
cured for moderate overloads before the circuit 
interrupter is tripped out and yet in which means 
are provided whereby when an excessively large 
overload occurs, the circuit interrupter is in 
mediately tripped. 

Further objects for one form of the invention 
are to provide tripping means for a circuit in 
terrupter in which the tripping member is me 
chanically connected by means of a compres 
sion spring with the magnetic plunger and in 
which the magnetic plunger is delayed by liquid 
means, and in which the relation is such that 
the difference between the pull of the energizing 
coil on the plunger and the opposing force of 
the compression spring is substantially constant 
throughout the stroke of the plunger and is of a 
relatively small value so that the effective avail 
able force to overcome the liquid retardation is 
small and, therefore, a very large time delay is ob 
tained while at the same time all of the energy 
stored in the spring is available to Operate the 
trip-out means at the time that the plunger 
reaches the trip-out means, and to So Organize 
the tripping means that the circuit interrupter 
will trip out on excessively large overloads in a 
very short time, although normally it has the 
Very long time delay. 
Embodiments of the invention are shown in 

the accompanying drawings, in which: 
Figure is an elevation partly broken a Way 

away of a circuit interrupter showing One form 
of the tripping raneans. 
Figure 2 is a fragmentary view showing a fur 

ther form of the tripping means. 
Figure 3 shows a series of curves illustrating 

the operation of the tripping means shown in Fig 
ure 2. 

Referring to Figure i it will be seen that a cir 
cuit interrupter has been indicated generally and 
may be of any usual type and is mounted within 
a casing filled with oil. This circuit inter 
rupter is arranged to be tripped by operation of 
the releasing lever or movable member 2. This 
movable member 2 is actuated by means of a 
member 3 which, in turn, is actuated by the time 
delay tripping means hereinafter described in de 
tail. The circuit interrupter is of any usual type 
and may be manually operated and manually re 
set by means of an eyeleted externally located 
lever 4 in accordance with the usual practice, 
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The tripping means may be supported by a 
suitable bracket 5 preferably formed of insulat 
ing material and secured to a portion 6 of the 
circuit interrupter. The tripping means com 
prises an insulating cylindrical member 7 which 
may be formed as a spool with end flanges 8 and 
9. The winding or solenoid is indicated by the 
reference character 0 and surrounds the cylin 
drical member . It is preferable to provide an 
external partial shell or magnetic yoke having 
an upper portion if and a lower portion f2 joined 
by side members 3 which embrace or surround 
the actuating coil 0. The effective length of 
the cylindrical member 7 is increased downward 
ly by means of the thimble-like metallic, cylin 
drical member 4 which has a closed bottom por 
tion or end 5 spaced downwardly from the en 
ergizing coil 0, and which has upper fianges 6 
which secures it to the cylindrical member 7, 
The upper member and the lower member 4 
together form a continuous cylinder. 
The upper cylinder f is closed at its upper end 

by means of a magnetic stationary core or upper 
pole piece f which may have a conical lower 
face 8. This core 7 is apertured and receives 
the tripping pin or member 9. This tripping 
pin has a close fit with the core it but is freely 
slidable therein. It is provided with a piston-like 
enlargement 20 which fits within a small upper 
cylinder 2 formed in the upper portion of the 
pole piece f. If desired, the upper end of the 
pole piece may be reduced as indicated and may 
be spun outwardly to lock the pole piece to the 
upper yoke i. 
A magnetic plunger or piston 22 is normally 

seated on the bottom of the cylindrical member 
f4 and is made relatively light in weight by bor 
ing out its central portion. It is biased by gravity 
towards the closed end 5 of the cylinder 4. 
It is provided with a valve seat 23 a diacent its 
lower end on which a ball valve 24 normally rests. 
The upper end of the magnetic plunger 22 is pref. 
erably tapered as indicated at 25 so as to fit 
within the tapered recess f8 in the upper pole 
piece on the final portion of the upper stroke 
of the magnetic plunger and to thereby increase 
the pull on the plunger during the final portion 
of its stroke. The upper end of the plunger 22 
has a small aperture 26 communicating with its 
hollow interior 2. 
As stated, hereinabove, the circuit interrupter 

is oil immersed and consequently oil fills all of 
the spaces within the cylindrical members 7 and 
4 as well as the hollow interior 2 of the mag 

netic plunger 22 and also fills the small upper 
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cylinder 2 above the piston-like portion 29 of the 
tripping pin or tripping plunger S. 

If desired, the metallic cylindrical member 
may be made of non-magnetic material. Also 
it is within the province of this invention to make 
the cylindrical member 4 of magnetic material if 
desired. Further, the tripping pin 9 may be 
made of non-magnetic material, though it is 
within the province of this invention to make it 
of magnetic material. It is preferable to make 
the tripping lever or rock member 3 of an insu 
lating material. 
The operation of the apparatus is as follows: 
Assume that the main current passes through 

the tripping coil 10. The magnetic plunger 22 
very slowly rises on predetermined overload as 
its upward motion is retarded by the oil above 
the plunger 22. The displaced oil finds its way 
to the space below the plunger 22 by passing 
slowly around the sides of the plunger 22. No 
oil, however, is displaced from the cylinder corn 
posed of the members 7 and 4. The partially 
risen position is indicated in dotted lines in 
Figure 1. After an interval of time the plunger 
22 finally approaches the upper limit of its stroke 
at which time the magnetic pull on the plunger 
increases as the tapered upper nose 25 of the 
plunger 22 passes into the tapered aperture 8 of 
the upper pole piece . The pull upon the 
plunger gradually increases until it reaches the 
trip pin 9 at which time it has sufficient force 
to trip the member 2. After the circuit interrupter 
has operated, the plunger 22 will quickly settle 
to its lowest position as the check valve 28 will 
allow upward passage of oil through the valve 
seat 23 and through the plunger 22. 
Consider the effect of a sudden heavy overload. 

Under this condition the plunger 22 makes a Sud 
den upward movement and if the overload is suia 
ficiently severe the pull on the plunger will create 
a vacuum below the plunger 22 and will produce a 
very high oil pressure within the cylinder . 
This oil pressure acting upon the lower Surface of 
the tripping pin 9 will suddenly force the pin. 
upwardly and will cause tripping of the circuit 
interrupter even before the magnetic plunges 
22 has moved any material distance. When the 
device operates in this an anner, there is vacuura 
below the magnetic plunger and the displaced oil 
escapes around the tripping pin 9. 
This circuit interrupter has another important 

feature in that it will not trip out for lightning 
surges or extremely short transient overload con 
ditions. It is to be noted that a certain amount 
of oil is trapped in the cylinder 2 above the 
piston 20 of the trip pin 9. This acts as a dash 
pot or delay means to prevent the immediate 
operation of the trip pin due to lightning surges 
and thus it will be seen that the circuit inter 
rupter is protected against unwarranted tripping 
action under lightning Surges or other similar 
transient con?itions. 
When the tripping current is not great enough 

to create a pull on the plunger 22 sufficient to 
produce a vacuum below the plunger, it is ap 
parent that the plunger will be delayed very 
much in its upward travel due to the slow escape 
of oil around the plunger into the space below 
the plunger. This circuit interrupter, therefore, 
not only provides a material time delay for over 
loads of reasonable value, but gives a Substan 
tially instantaneous response to extremely heavy 
Overloads while at the same time protecting the 
circuit interrupter against tripping out under 
lightning surges or similar conditions, 

O 

4. 
The trip-out means hereinabove described is 

intended to provide a great time delay, although 
it may be designed to have any desired time delay. 
If desired, it may be so designed that several 
minutes elapse before the plunger operates the 
trip pin 9 on minimum tripping current flow 
through the tripping coil 0. - 

Figure 2 shows a further form of the inven 
tion in which the time delay is greatly increased 
and in which novel means are provided for stor 
ing up energy due to the travel of the plunger, 
which energy will be immediately available at 
the time the plunger reaches the trip pin. In 
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the form of the invention as shown in Figure 2 
the main cylindrical member is indicated at 28. 
It is provided with end flanges 29 and is of spool 
like construction and carries the tripping coil 
or energizing coil 30. This member 28 is pref 
erably formed of insulating material. The 
downwardly extending cylindrical member 3 is 
of metal and is provided with a closed bottom 
32 projecting outwardly from the energizing 
coil. The magnetic plunger is indicated at 33 
and it will be seen that it is bored out as indi 
cated at 33 to materially reduce its weight. It 
is provided with a passage 35 therethrough 
which is normally closed by a check valve 36. 
This check valve may or may not be provided 
With a light spring 3 to assist it in closing. The 
top of the opening through the plunger 33 is 
closed by an apertured raetal disk 38 which may 
be held in place by spinning over a portion of 
the plunger 33 as shown in Figure 2. 
A conically shaped hical compression spring 

39 rests at its lower end on the plunger 33. Its. 
upper end is attached to the tripping pin 88 
which extends through the upper pole piece (3. 
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This pole piece is provided with a small upper 
cylindrical portion (32. The tripping pin is pro 
vided with a portion 33 which fits closely within 
the Sitaal cylinder 2 and Constitutes a piston 
for the purpose hereafter described. The trip 
ping pira is adapted to rock the member $4 
which, in turn, is adapted to trip the movable 
member O. releasing member 45 of the circuit 
interrupter. The magnetic yoke is similar to 
that previously described and is indicated at 33. 
The entire tripping means is supported by a 
bracket 3 secured to the circuit interrupter. 
The bracket 4 is preferably formed of insulat 
ing material. 
The operation of this tire delay tripping 

means is very much slower than that of the 
form previously described. Its action is best ill 
lustrated in Figure 3. In Figure 3 curve A shows 
the pull of the Solenoid. On the plunger at minia 
imum trip current. The Ordinates represent the 
pull on the plunger and the abscissa's represent 
the travel of the plunger 33, see Figure 2. Curve 
B represents the spring force produced by the 
spring 39, see Figure 2. The straight line C rep 
resents the weight of the plunger which, of 
course, is constant. The curve D represents the 
sum of the spring force and the weight of the 
plunger. The vertical line E represents the lo 
cation of the trip-out pin, that is to say, the 
point at which the plunger will touch the trip 
Out p?. 
The spring 39 and the solenoid mechanism 

are SO designed that the curves B and A. have 
Substrn'iallv the same vertical spacing through 
out their effective extent as shown in Figure 3. 
When the load of the spring B is added to the 
weight of the plunger, as shown by the curve D, 

  



it will be noted that the vertical distance at any 
point between the curves A and D represents the 
force in excess of that of the spring force and 
the weight of the plunger which is effective to 
overcome the oil retardation and to cause up 
ward motion of the magnetic plunger or piston 
33. This difference may be made as small as 
desired and is substantially constant through 
out the effective length of the curve D up to the 
point E where the plunger 33 reaches the trip 
pin 40. Thus, throughout the length of travel 
of the plunger from its start to the point at 
which it reaches the trip pin, the force effective 
to overcome oil resistance is substantially con 
stant and is very small. Consequently, a very 
long delav is provided by this mechanism. By a 
suitable design the time delay may be made any 
value desired. 

However, all of the advantages hereinabove 
enumerated for the first form of the invention 
are still retained in the form shown in Figure 2. 
Under very heavy ovrrload, it is apparent that 
the oil pressure produced by the sudden power 
ful upward stroke of the magnetic plunger 33 
during its upward travel will produce sufficient 
oil pressure acting below the trip pin 40, see 
Figure 2, to cause Substantially instantaneous 
tripping of the circuit interrupter. Normally 
displaced oil flows around the plunger to the 
Space below the plunger, but on violent overloads 
a vacuum is produced below the plunger and oil 
escapes from the upper end of the cylinder 
around the trip pin. Also lightning surges are 
prevented by the cushioning action or delay ac 
tion of the cylinder 42 and piston 43 of the trip 
pin 33 as previously described, from tripping the 
circuit interrupter. 
Another very important feature of the form 

of the invention shown in Figure 2 is that at the 
final trip-out operation when the plunger 33 
reaches the trip pin 40 the force or energy stored 
in the Spring 39 is not wasted. When the plunger 
33 reaches the pin. At the force of the spring 39 
is Sufficient to move the movable or releasing 
member 45 of the circuit breaker. In other 
words, the plunger 33 adds no force to that ex 
erted by the spring 39 under minimum tripping 
current. Minimum tripping current supplies all 
of the force required to compress the spring and 
Raise the plunger and, as stated, all of the energy 
stored in the spring is utilized. 

it will be seen that novel forms of tripping 
means have been provided by this invention 
which produce a powerful tripping action or 
force to insure in a positive and certain manner 
the tripping of the circuit interrupter, even under 
minimum overload conditions. It is also to be 
noted that a very large time delay is provided 
while at the same time causing substantially 
instantaneous tripping action of the circuit 
interrupter under very heavy overload condi 
tions. Further than this, transients such as 
lightning surges are prevented from tripping out 
the circuit interrupter. 
Although this invention has been described i? 

considerable detail, it is to be understood that 
such description is intended as illustrative rather 
than limiting, as the invention may be variously 
embodied and is to be interpreted as claimed. 
We claim: 
1. A circuit interrupter having a movable 

releasing member, a casing containing a liquid, 
a liquid containing cylinder submerged in the 
liquid in Said casing, an energizing coil Sur 
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rounding said cylinder, said cylinder having a 
closed end spaced outwardly from said coil, a 
magnetic plunger normally occupying a position 
adjacent the closed end of said cylinder and ar 
ranged to be drawn from said closed end into 
Said Coil when the current through said coil 
exceeds a predetermined value corresponding to 
an overload condition, a tripping pin projecting 
from the other end of said cylinder and arranged 
to cause releasing motion of said movable mem 
ber when said pin is projected outwardly, said 
pin being arranged to be projected outwardly by 
liquid pressure on violent overloads due to the 
difference in pressure between the liquid in said 
Casing Outside of said cylinder and the liquid in 
Said cylinder and being arranged to be projected 
OutWardly when Said plunger engages said pin 
On moderate Overloads, the liquid in said cylinder 
acting as a retarding medium for the motion of 
Said plunger on moderate overloads. 

2. A circuit interrupter having a novable 
releasing member, a casing containing a liquid, 
a liquid containing cylinder submerged in the 
liquid in Said casing, an energizing coil Surround 
ing said cylinder, said cylinder having a closed 
end Spaced out Wardly from Said coil, a magnetic 
plunger normally occupying a position adjacent 
the closed end of said cylinder and arranged to 
be drawn from Said closed end into Said coil when 
the current through said coil exceeds a pre 
determined value corresponding to an overload 
condition, a tripping pin projecting from the 
other end of Said cylinder and arranged to cause 
releasing notion of Said nowable member when 
Said pin is projected out Wardly, said pin being 
arranged to be projected outwardly by liquid 
pressure on violent Overloads due to the difference 
in pressure between the liquid in said casing out 
side of said cylinder and the liquid in said cyl 
inder and being arranged to be projected out 
Wardly when Said plunger engages Said pin on 
moderate overloads, the liquid in said cylinder 
acting as a retarding medium for the motion of 
Said plunger on moderate overloads, said plunger 
being biased towards the closed end of said cyl 
inder, and a check valve carried by Said plunger 
arranged to allow quick return of Said plunger 
On Cessation of overload. 

3. Tripping means for a circuit interrupter 
comprising a liquid containing cylinder, an ener 
gizing, coil surrounding said cylinder, a tripping 
pin projecting from one end of said cylinder, a 
magnetic plunger within said cylinder adapted to 
be drawn into said coil and arranged to project 
Said pin outwardly on moderate overloads and 
being arranged to project said pin outwardly by 
the direct action of the pressure of the liquid. On 
violent overloads, said pin having time delay 
means acting directly on the pin and delaying its 
outward motion to prevent the projection of said 
pin outwardly on transient overload conditions. 

4. Tripping means for a circuit interrupter 
comprising a liquid containing cylinder, an en 
ergizing coil surrounding said cylinder, said cyl 
inder having a closed end spaced from said coil 
and having means allowing the escape of liquid 
from the other end of said cylinder, a magnetic 
plunger within said cylinder normally occupying 
a position adjacent the closed end of said cylin 
der, said plunger having a close fit with said 
cylinder and coacting with said cylinder on mod 
erate overloads to allow liquid to flow past Said 
plunger on motion of said plunger without dis 
placing liquid from said cylinder and arranged to 
draw a vacuum between said plunger and the 
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closed end of said cylinder and displace liquid 
from said cylinder on violent overloads, and trips 
ping means operated from said plunger and by 
the direct action of the liquid on violent overe 
loads, 

5. In a circuit interrupter, a movable release 
ing member arranged to require a predetermined 
force to move it to releasing position, a tripping 
member for moving said movable member to re 
leasing position when said tripping member 
moves to tripping position, an energizing coil, a 
magnetic plunger arranged to be drawn into said 
coil on overload, a spring interposed between said 
tripping member and said plunger and corn 
pressed when said plunger is drawn into said 
coil, said spring being effective when acting alone 
to move said tripping member to tripping posi 
tion on minimum tripping current, and hydraulic 
means coacting with said plunger and effective 
when acting alone under heavy overloads to move 
said tripping member to tripping position, said 
spring and said hydraulic means coacting on 
intermediate overloads to move said tripping 
member to tipping position, 

6. Tripping means for a circuit interrupter 
comprising a liquid containing cylinder, an eer 
gizing coil surrounding said cylinder, Said cyl 
inder having a closed end, a tripping member 
adjacent the other end of said cylinder, means 
opposing the motion of said tripping member to 
tripping position, a magnetic plunger within said 
cylinder biased towards the closed end of said: 
cylinder and arranged to be drawn into said coll 
on overload, said plunger having a close fit with 
said cylinder and being retarded by the liquid as i,604,669 
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8 
within said cylinder, and a compression spring 
interposed between said tripping member and 
said plunger, the difference between the pull ex 
erted by Said coil and the force of said spring 
and the Weight of the plunger being the effective 
force to overcome the retarding action of Said 
liquid, said coil and said plunger coacting to pro 
i. a vacuum below said plunger on heavy over 
OaS 

7. A tripping means for a circuit interrupte 
comprising an energizing coil surrounding a lics 
uld containing cylinder, a magnetic plunger with 
in said cylinder arranged to be drawn inwardly 
of Said coil, a tripping member operated from 
said plunger, a spring means controlled by the 
novement of Said plunger within Said cylinde, 
and 8, hydraulic means provided by said pluger 
and said cylinder, said spring means and said 
hydraulic means acting independently or in cons 
junction with each other depending on the value 
of the current flowing through said coil to vary 
the time delay notion of Said plunger inversely 
with current oW. 

WLLAvi D. EYE, J. 
ANTHONY WAN RYAN. 
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