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3 Cairns. 

Miy invention relates to new and improved elec 
tric circuit controllers and, while of general ap 
plication to electric control circuits and sys 
tems, it is particularly suitable for use in con 
nection. With control systems of the type disclosed 
and claimed in my copending application, Serial 
No. 694,947, filed October 24, 1933, Patent 
iF1,983,817, Dec. 11, 1934, of which the present ap 
plication is a division, and which, in turn, is a 
continuation in part of my application Serial No. 
598,145, filed March 11, 1932. 

Miy invention comprises a fluid circuit control 
ler, movable between a plurality of positions to 
change the circuit-controlling relation of the 
contact Structure of the controller, in which re 
peated movements of the controller to One of the 
positions effects a change in the circuit-control 
ling relation. Or Condition of the contact struc 
ture only a predetermined number of times un 
less the circuit controller has remained in an 
other position for a given length of time. My in 
wention comprises further an additional fiuid cir 
cuit controller having contact structure connect 
ed in circuit With that of the first circuit Con 
troller and effective to impart a time-delay in its 
operation. 
More specifically my invention is directed to a 

circuit controller comprising one or more en 
velopes embracing a plurality of chambers and 
movable between predetermined positions. The 
chambers are in intercommunication by paSSages, 
channels or the like to form a closed fluid System 
in which a quantity of suitable fluid is disposed. 
ASSociated with each envelope is a contact struc 
ture the circuit relation or condition of which is 
changed, that is, the circuit through the contact 
structure may be open or closed in response to a 
predetermined level of fluid in One of the cham 
bers. The disposition of the chambers of the en 
velope and their interconnecting passages is such 
that movements of the envelope between its lim 
iting positions effect the flow of fluid between 
the chambers in a predetermined sequence. Pref 
erally, the flow of fluid between the chambers is 
controlled, as by constricted passages, chambers, 
orifices or the like, to raise the fiuid level in the 
chamber with which the contact structure is as 
sociated, in response to Successive and correlated 
novements of the envelope, only a predeter 
mined number of times. By Successive and cor 
related movements of the envelope, as this ex 
pression is used hereinafter, I refer to movements 
separated by relatively short intervals and/or 
cGreated in time with respect to the characteris 
tics of the controlled circuit or those of the cir 
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cuit controller as, for example, determined by the 
Wiscosity of the fluid, the size of the restricted 
passages or orifices. One example of such suc 
cessive and correlated movements is the succes 
sive reclosings of a circuit breaker separated by 5 
definite time intervals which may vary from a 
few seconds to as much as a few minutes. How 
ever, my invention is not limited to successive 
movements of the circuit controller separated by 
time intervals of any definite magnitude, but ap- 10 
plies to Such a circuit controller in which the 
movements are separated by any time intervals 
correlated with the characteristics of the con 
troller and/or of the system of which it forms a 
part. 5 

Further, in accordance with my invention, the 
improved electric circuit controller may comprise 
a plurality of individual and distinct units acting 
conjointly, and either secured together to form 
a unitary structure or mounted separately but 20 
movable together. In either case any of the units 
may be separately removed for inspection, re 
pair or replacement, or for the purpose of chang 
ing the operating characteristics of the control 
System. 25 
More specifically, my invention relates to an 

electric circuit, controller comprising two units, 
one of the units including a pair of contacts, the 
circuit relation or condition of which is changed 
for only a predetermined number of times in re- 30 
sponse to successive and correlated movements of 
the unit, and the other of which includes elec 
trical contacts connected in circuit With those of 
the first unit and cooperating therewith to im 
part a time delay to the Several operations of the 35 
circuit controller in response to Successive and 
correlated movements thereof. Either of the 
units may be replaced by corresponding or similar 
units having any desired operating characteris 
tics thereby to give any number of successive 40 
operations of the circuit controller, or different 
timing characteristics, or both. Circuit control 
ers embodying my invention are characterized 
by having no moving mechanical parts or compli 
cated mechanism, and requiring a minimum of re 
pair or replacement of parts. 
My invention resides in the features of com 

bination, construction and arrangement herein 
after described and claimed. 

For an understanding of my invention, and for 
illustration of some of the various forms it may 
take, reference is had to the accompanying draw 
ings in which: 

Figure 1 is a diagrammatic, side elevational 55 
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2 
view of my improved circuit controller in combina 
tion with an automatic circuit breaker; 

Fig. 2 is a side elevational view of the circuit 
controller showing the same in position corre 
sponding to open position of the circuit breaker; 

Fig. 3 is a front view of the circuit controller; 
Fig. 4 is a view of the circuit controller showing 

the arrangement of various chambers and paS 
Sages, taken along the line A-4 of Fig. 3; 

Fig. 5 is a view of the circuit controller showing 
other chambers and passages, taken aiong the 
line 5-5 of Fig. 3; - 

Fig. 5a is a fragmentary view of a modification 
of the structure of Fig. 5; 

Fig. 6 illustrates a suitable control system for a, 
circuit breaker embodying the circuit controller 
of the invention. 

It is often desirable or necessary to protect an 
electrical circuit with circuit breakers adapted to 
be automatically opened, as by a tripping coil, 
upon the occurrence of various abnormal condi 
tions in the circuit controlled thereby. Abnormal 
conditions, for example, short circuits, may cause 
the circuit breaker to open and these conditions 
may disappear before a first or subsequent re 
closing movement of the circuit breaker. The 
reclosing of a circuit breaker under Such condi 
tions may be accomplished automatically by pro 
viding auxiliary circuit controller mechanism 
which is actuated in accordance with movement 
of the circuit breaker, and which energizes the 
closing mechanism of the circuit breaker to re 
close the same a number of times upon succes 
sive opening movements of the circuit breaker, 
and after a predetermined number of Successive 
openings, to prevent further reclosing movement 
of the circuit breaker until the same has been 
manually or otherwise closed. 
My improved electric circuit controller is of 

general application but is particularly adapted to 
complete the energizing circuit of the electromo 
tive closing device of a circuit breaker after the 
breaker has been opened, and Will function re 
currently, and the number of reclosing operations, 
and the lag or time interval between successive 
Opening and reclosing movements, may readily be 
adjusted; where abnormal circuit conditions re 
main, the circuit controller will close the circuit 
breaker a predetermined number of times, and 
then lock out to prevent further reclosing until 
the circuit breaker is closed by hand, or by auxil 
iary means, but if the circuit breaker remains 
closed for a given length of time after having been 
reclosed, the circuit controller automatically re 
SetS itself So that, in Subsequent openings, the 
cycle of reclosing operations starts over again. 

Referring to Fig. 1 of the drawings, there is 
shown a circuit breaker mounted on a supporting 
panel of slate or other suitable insulating ma 
terial, the circuit breaker having main contacts 
2 and 3 between which a circuit is established, 
When the circuit breaker is closed, by a main 
bridge contact element A. The circuit breaker is 
Of the uSual construction and, therefore, its vari 
OuS details are not shown; it will be understood 
that it includes the usual shunt or arcing contacts 
and also Suitable latching mechanism for holding 
the circuit breaker in closed position. Tripping 
nechanism for unlatching and opening the cir 
Cuit breaker, either automatically in response to 
an abnormal condition, or in response to manual 
or other control means, is diagrammatically in 
dicated by the tripping coils T and T. 
The main bridge element 4 is carried by an 

arm 5 pivotally mounted at 6 to a support 
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secured to and extending from the panel A. Link 
member 8 is pivotally secured at one end to the 
lever 5, and at the other end to a lever 9 pivotally 
mounted at to the Support , and representing 
the usual toggle mechanism of a circuit breaker. 
Lever 9 is connected by link and lever 2, 
pivotally mounted at 3 to supporting structure 
secured to and extending from a panel , one 
end of lever f2 being pivotally connected to the 
Solenoid plunger M operating Within the closing 
coil C. When current is caused to flow through 
the closing coil or Solenoid C, the Solenoid 
plunger M is dra Win into the coil, aS in the posi 
tion shown in Fig. 1, and this action causes 
counter-clockwise rotation of the lever 2, as 
viewed in Fig. 1, which, through the System of 
levers and links shown, causes the circuit breaker 
to latch in closed position. When the circuit 
breaker is opened, as by the tripping coil T, the 
lever 2 is rotated in a clockwise direction, as 

; viewed in Fig. 1. 
Movement of the lever 9 is transmitted, by 

means of a link (, pivotally secured to an arm 
6, to the circuit controller, generally designated 
at S, so that the circuit controller is rotated 
through an angle of approximately 90° to either 
of two positions, dependent upon whether the 
circuit breaker is in Open or closed position. 
As shown in Figs, 2 and 3, the circuit con 

troller S is mounted on a shaft f8 carried by 
bearings 2, Secured to a U-shaped plate 9, Sup 
ported by and extending from the panel I. In 
Fig. the circuit controller is shown in a position 
corresponding to closed position of the circuit 
breaker, and in Figs. 2 and 3 the circuit controller 
is shown as having been rotated 90° from b to a 
and is in a position corresponding to an open 
position of the circuit breaker. 
A stop member 27 mounted on the circuit con 

troller cooperates with fixed stop member 28, 
mounted on the panel , to insure that when the 
switch is in the position of Figs. 2 and 3, the 
terminals or contacts 25 and 26 on the circuit 
controller would be in a proper position to engage 
complementary fixed Spring contacts 25' and 26 
secured to and extending from the panel. The 
fixed contacts are insulated from the support 9 
in any Suitable manner, as by a sheet of insula 
tion 3, and connection to an external circuit is 
made through screw-threaded terminals 29. 
The circuit controller preferably comprises two 

units Si and S2 comprising casings or envelopes 
of any suitable moldable material. The casings 
or envelopes S and S2 may constitute molded 
bodies 3 and 32, respectively, separated from 
each other and sealed on either side by disks 33 
of similar material. Circumferentially-spaced 
machine screws 34 are employed to hold the 
assembly together, and the assembly is held in 
proper relation on a square portion of the shaft 
8 by an enlarged portion 2 and a nut 22 secured 

to the shaft. 
Each of the UnitSS and S2 comprises an en 

velope embracing reservoirs, chambers or com 
partments in fluid intercommunication, as by 
passages or channels, to form a closed System in 
which is contained a quantity of fluid. The dis 
position of the chambers is such as to cause a 
flow of the fluid between the chambers in a pre 
determined sequence by the action of gravity, 
upon the movement of the units between their 
predetermined limiting positions as, for example, 
the associated circuit breaker is Successively 
opened and closed. 

10 

5 

20 

30 

40 

45 

50 

55 

60 

65 

70 

75 



5 

0. 

2 5 

30 

5 

5 5 

60 

1,998,254 
There is provided a pair of electrical contacts 

associated with each of the units, the circuit 
controlling condition of which is changed in re 
sponse to the level of the fluid in one of the 
chanbers. For example, the fuid may comprise 
a conductive fluid such as mercury, brine solu 
tion, or other conducting medium, and the con 
tacts may be in communication with one of the 
chambers, either mounted directly therein, or in 
recesses communicating with the chamber at a 
predetermined level. With this latter arrange 
linent, the envelopes 3 and 32 are of suitable in 
sulating material, well-known examples of which 
are glass, fused quartz, molded vitreous com 
pound, or molded resinous compound, such as a 
Synthetic phenolic condensation product. The 
unit S operates to change the circuit condition 
of its contacts, for example, to close the circuit 
therebetween, a predetermined number of times 
upon successive and correlated movements there 
of and is, therefore, particularly suitable to co 
operate with and control the circuit, breaker 
shown in Fig. 1 and described above. 
In Fig. 4 is shown the arrangement of the 

reservoirs, or chambers, and interconnecting pas 
sages of the unit S with the unit in the position 
corresponding to circuit-opening position of the 
circuit breaker of Fig. 1, which will hereinafter 
be referred to as the controlling position of the 
circuit controller, and after the first opening 
movement of the circuit breaker has occurred. 

in this embodiment of the invention, the ea 
velope 3 coinprises a plurality of chambers or 
reservoirs which may conveniently be termed, 
respectively, a refill chamber 35, a measuring 
chamber 3 and a storage chamber 40 inter 
connected by the channels or passages 36, 39, 
4 and 43, A quantity of conductive fluid, pref 
erably mercury, is introduced into the system 
and is calised to flow from and into the various 
chambers and, under certain conditions, to rise 
to a predetermined level in the chamber 37 and 
to flow into recesses 38, completing a circuit 
between the electrical contact members or elec 
irodes 25cl disposed therein. 
As shown in Fig. 4, and after the first opening 

movement of the circuit breaker has occurred, 
mercury from the refill chamber 35 has flowed 
through channel or conduit 3S into the neasur 
iing chamber 31, the level of the mercury in the 
latter chamber being above the recess 38 so that 
mercury is in contact with the inner ends 25d. 
of the two electrodes 25 thereby to close a circuit 
between them. ASSunning conditions to be such 
(dependent upon the action of the tinning unit 
S2, described hereinafter) that the closing coil of 
the circuit, breaker Will be energized at this time 
by closure of the circuit between the electrodes 
25g, the circuit breaker will close and the control 
SWitch Will be rotated in a counter-clockwise 
direction, as viewed in Fig. 4, from c. to b, which 
may be termed its resetting position. Upon this 
lic veinent of the circuit controllier, the chainber 
3 is effectively above the chamber 49 and the 
mercury in the measuring chamber 3 will flow 
through channel 39 into storage chamber 4. 
When it is stated herein that one chamber is ef 
fectively above a Second chamber, it is rleant 
that the chamber or some portion thereof is 
above the second chamber or some portion 
thereof, so that the flow of fluid Will be from the 
first chanber to the second. 
ASSuining further that the abnermal condi 

tions have not been rein oved from the circuit 
controlled by the circuit breaker, and that the 

3 
circuit breaker is tripped out a second time, due 
to such abnormal conditions, this will again cause 
rotation of the circuit controller in a clockwise 
direction to the position shown in Fig. 4, and 
a second flow of mercury from refill chamber 35 
Will pass through channel 36 and fill the measur 
ing chamber 37 to again close the circuit be 
tween terminals 25. The circuit breaker will 
again close, the circuit controller will again be 
rotated couinter-clockwise fron a to b, and the 
second mass of mercury in chamber 3 will flow 
through channel 39 to storage chamber 40. If 
abnormal conditions still obtain, the circuit 
breaker will again be opened, the circuit con 
troller again rotated to the position shown in 
Fig. 4, and the remaining mercury in refill cham 
ber 35 will flow into the ineasuring chamber 37, 
and thereby cause a third reclosing of the cir 
cuit breaker. 

If the circuit breaker is again opened by the 
abnornal conditions, the circuit controller is 
again rotated to the position shown, in which mer 
cury from the reservoir 35 could run into the 
measuring chamber 3, but as there is no ner 
cury remaining in chamber 35, no circuit will be 
closed between the terminals 25 and the energiz 
ing circuit of the closing coil Cf the circuit breaker 
will remain open, the circuit controller thus lock 
ing out the circuit breaker. The ratio of the 
volume of mercury contained in the refill cham 
ber 35 to that in the neasuring chamber 3 ef 
fecting closure of the contacts 25 determines the 
number of Successive and correlated reclosures 
permitted before locking out the circuit breaker, 
and this ratio may be such as to give any desired 
number of reclosing movements. 
When normal conditions again obtain, and the 

circuit breaker is closed either manually or by 
auxiliary means, the circuit controller will again 
be rotated from d to b, that is, to its resetting 
position, in which position the chamber 4) is 
effectively above the refill chamber 35 and the 
mercury, which is now all in the storage chamber 
40, will return through the slow leak passage is 
into refill chamber 35 until the levels of the mer. 
cury in the two chambers are the same, and thus 
the circuit controller is automatically reset after 
a given time interval, for example, from 2 to 30 
minutes, dependent upon the area of the slow 
leak passage 4. 
From the above, it will be apparent that, in case 

the circuit breaker is opened a number of Suc 
cessive and correlated times in response to main 
tained abnormal circuit conditions, it will be re 
closed a corresponding number of times and 
locked out, as described above. However, if the 
circuit breaker is opened in response to Separate 
and distinct abnormal circuit conditions, Sep 
arated by appreciable intervals of time, the con 
trol switch will be automatically reset between 
successive openings. The circuit controller is thus 
effective to lock out the circuit breaker only after 
a predetermined number of successive and corre 
lated circut openings; that is, circuit openings 
occasioned by the same or related electrical dis 
turbances and separated by intervals of time de 
pendent upon the constants of the control sys 
ten and the characteristics of the circuit con 
troller. 
A screw-threaded plug member 42 is provided 

for initially inserting the mercury into the unit 
S. A small passageway 43 connects the measur 
ing chamber 37 with refill chamber 35 to provide 
for an interchange of air, and thus prevent the 
formation of an air trap in the measuring cham 
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ber 37 due to the flow of the mercury. The area, 
of the passageway, however, is sufficiently Small to 
prevent mercury from flowing therethrough so 
that no mercury flows from chamber 37 through 
this paSSage. 

Fig. 5 shows the arrangement of the reservoirs 
or chambers, and interconnecting passages in the 
body 32. The chamber 44 is in communication, by 
means of a restricted channel or passage 45, with 
a measuring chamber 46, and the mercury Or other 
contact-controlling fluid flows from the chamber 
44 into the measuring chamber 46 when the cir 
cuit controller is in its controlling position, aS 
shown in Fig. 5, corresponding to Open position 
of the circuit breaker. Two electrodes or contact 
members 26a are enclosed in a recess 47 opening 
into a side Wall of the measuring chamber and, 
after a given time interval as determined by the 
area of the restricted passage 45, the mercury 
level in the measuring chamber Will rise and flow 
into the recess 47 to contact with and close a 
circuit between the electrodes 26a. 
The contacts 25 of the unit St and the contacts 

26 of the unit S2 are interconnected in the same 
Sense; that is, if the contacts 25 are adapted to 
be closed in response to the fluid level in the 
chamber 3, the contacts 26 are adapted to be 
closed by a predetermined fluid level in the cham 
ber 6. As illustrated, the contacts 25 and 26 
are: connected in Series. So that corresponding 
changes in their circuit condition must be effected 
to complete the closing of the circuit in Which 
they are connected. It will be readily apparent 
that, if the contacts are of the circuit-opening 
type, they must be connected in parallel SO that 
the controlled circuit Will be broken only upon 
the coincident opening of both pairs of contactS. 
The energizing circuit of the closing coil of the 

- circuit breaker is controlled jointly by the condi 
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tion of contacts 25 of unit S and contacts 26 of 
unit S2, as by a series connection of the contacts, 
So that the circuit breaker will not be closed until 
after a given time interval, determined by the 
time required for a Sufficient Volume of mercury 
to flow from chamber 44 into measuring cham 
ber 6 to close the circuit between the electrodes 
26a. After the first reclosure movement of the 
circuit breaker, the unit S2, in common with unit 
S, will be rotated in a counter-clockwise direc 
tion, as viewed in Fig. 5, from a to b, in Which 
position the mercury in the measuring chamber 
Will at Once return freely by Way of passage 48 
to the chamber 44 so that, regardless of the num 
beir of Successive opening movements of the circuit 
breaker or their time relation, Sufficient mercury 
Will be present in the chamber 44 to fill the meas 
uring chamber 6 to a point above the receSS 47. 
When the unit S2 is rotated to the position shown 
in Fig. 5, Some of the mercury in passage 48 will re 
turn to the chamber 46, but this amount is rela 
tively Small, and its effect may generally be dis 
regarded in computing the timing of the unit. 
A screw-threaded member 49 is provided for initial 
insertion of the mercury. . 
Instead of controlling the timing of the unit S2 

by means of the area of the passage 45, a needle 
valve 5, or equivalent, may be employed for ad 
justing the rate of flow of mercury through the 
passage, as shown in Fig. 5d. 
A control system for a circuit breaker including 

iny in proved circuit controller, and to Which it is 
particularly adapted, is shown in Fig. 6. The cir 
cuit breaker B has its closing coil C energized 
through contacts 59 by movement of an armature 
56 of a relay R, the armature being biased by 
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spring means. 56a to the intermediate position 
shown, and controlling the circuit between con 
tacts 59. Control of the circuit breaker is obtained 
by two circuits, either manually by a Switch or 
push-button P causing closure of the contacts 
59 of the relay R, or by contacts 25, 26 controlling 
relay R. The relay has an operating coil 54 and 
a holding coil 55, he closing push-button P is 
connected to both the operating and holding coils 
of the relay. The holding coil is connected direct 
ly, by means of conductor 57, to the positive Con 
trol bus 52, while the operating coil 54 is con 
nected through a pallet-switch 58 to the positive 
control bus. Pallet switch 58 is mechanically 
operated in accordance with movement of the 
circuit breaker, and is adapted to open when the 
circuit breaker is closed, and to close when the 
circuit breaker is opened. 
The operating coil 54 of the relay is stronger 

than the holding coil 55 and, therefore, When both 
coils are energized simultaneously, coil 54 pre 
dominates and contacts 59 are closed, thus ener 
gizing the closing Solenoid C. The circuit thus 
completed short-circuits the control push-button 
PSO that it may be momentarily closed and then 
released without affecting the operation of the 
circuit breaker. At the end of the closing Opera 
tion of the circuit breaker, the pallet switch 58 
in the relay operating coil circuit is opened, thus 
deenergizing the operating coil 54 and permitting 
the armature 56, which is normally biased to an 
intermediate position, to break the relay contacts 
59. If, during this process, the control button 
P has been closed, the holding coil 55 is energized 
and draws the armature 56 to its pole face, pre 
venting reclosing of the relay contacts 59 through 
possible reenergization of the operating coil 54. 
This action prevents reclosure of the circuit 
breaker in the event, the circuit breaker should 
reopen by reason of an abnormal condition dur 
ing the attempted closure by switch P. - 
-The circuit controller S, represented by con 

tacts 25, 26, is connected in parallel with the 
Switch, P, and the contacts 25, 26 are connected 
in Series With each other. and also in circuit, by 
means of conductor 63, with an auxiliary or pallet 
Switch 6 operated by the circuit breaker, which 
Switch is closed when the circuit breaker is closed 
and which opens only when the circuit breaker 
is tripped manually. This Switch Will, therefore, 
remain closed. When the circuit breaker has been 
opened due to an abnormal condition and, in 
this case, it permits the circuit controller to de 
termine the proper intervals for reclosing the 
circuit breaker. 
The trip coil T, for opening the circuit breaker, 

is connected in circuit with a push-button or 
switch P and an auxiliary or pallet switch 60t) 
operated by the circuit breaker, which Switch is 
closed when the circuit breaker is closed, and 
which opens only when the circuit breaker is 
tripped manually, as in the case of SWitch 6 here 
inbefore referred to. This arrangement also per 
mits the tripping circuit to function, irrespective 
of the condition of the other control circuits, 
and makes possible the energization of the trip 
coil T" from the switch P after the circuit breaker 
has opened due to Overload or other abnormal 
condition, or when it has been locked open by the 
circuit controller S. The operation of the trip 
coil at this time, through the tripping mechanism, 
causes the pallet switches 60b and 64 to open, 
thus disconnecting the trip coil and control con 
tacts 25, 26 from the circuit. When the circuit 
breaker is automatically opened, due to abnormal 
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conditions, it is under the supervision or control 
of the circuit controller S.; when the circuit 
breaker is tripped by hand, or by the switch P', 
the controller S is disconnected from the circuit; 
thus, the circuit breaker remains open until it 
is closed either by hand or by the closing switch 
P, after which the controller S again controls. 
A signal lamp R is connected in parallel with 

the push-button P', and burns whenever the aux 
iliary switch 60b is closed. A second signal lamp 
G is connected through an auxiliary or pallet 
Switch 62, which switch is open when the circuit 
breaker is closed, and the lamps R and G, there 
fore, indicate the condition of the circuit breaker; 
when the circuit breaker is closed, lamp R, burns; 
when the circuit breaker has been opened or 
tripped manually, the lamp G will burn; and 
when the circuit breaker is open, having been 
tripped by abnormal or overload condition, both 
lamps G and R. Will burn, 
The SWitching device or unit shown in Jensen 

Patent No. 1,909,540 is suited for use as Switches 
60b, 6 and 62 by providing extra contacts for 
each shaft, or by using two such units. 

It will be understood that various other con 
trol systems may be employed in lieu of that illus 
trated. Also, the circuit controller units Si and 
S2 may comprise individual units and may, for 
convenience, be located in different positions, 
it only being necessary that the units be rotated 
in unison to either of two positions correspond 
ing to the movement of the circuit breaker. It 
is, furthermore, not necessary that the units Sl 
or S2 be actuated by link mechanism, as shown 
in Fig. 1; either of the units may be rotated by 
various other position-controlling means known 
in the art, for example, electromagnetic mech 
anism, as a Solenoid, controlled by a pallet Switch 
actuated by movement of the circuit breaker, so 
that the solenoid is energized or deemergized in 
accordance with the position of the circuit break 
er to cause or permit rotation of the units Si or 
S2 to either of two positions corresponding to the 
position of the circuit breaker. In such an ar 
rangement, the units Sf or S2 may be biased 
to one position, as by a Spring or weight, and 
therefore, the solenoid is required to act in one 
direction only to rotate the units to their other 
position upon movement of the circuit breaker to a given position. 

If the time interval between the opening and 
reclosing movements of the circuit breaker is un 
important, it is also possible to use the unit St 
alone, without employing unit S.2. Either of the 
units may be replaced by corresponding units 
having different operating characteristics to 
thereby give a different number of successive re 
closing movements, or different timing character 
istics, or both, to the circuit breaker and control 
circuit. w 

The portions of the chambers and passages 
and particularly the contact enclosing chambers 
of the units Sf and S2 unoccupied by the conduc 
tive liquid or mercury may be filled with a non 
conducting fluid, chemically inert with respect 
to the switch elements, and adapted to minimize 
or prevent chemical change in the conductive 
liquid or mercury, or in the electrode material, 
by arcing occurring at the contacts or electrodes. 
An inert gas, as nitrogen, argon, etc., may be 
used; or a liquid, of lower density than that of 
the conductive liquid, such as carbon tetrachio 
ride, 1ay be employed for this purpose. 
The contact arrangement of either of the units 

of the circuit controller provides for a quick-make 

5 
mercury contact, and also insures that an amount 
of mercury sufficient to carry a substantial cur 
rent, flows into contact with the electrodes 25 
or 26 at the time of making contact. The elec 
trodes of each unit are positioned within recesses 
38 and 47, respectively, and the recesses have a 
Small cross-section as compared with that of the 
meaSuring chambers 37 or 46, so that when the 
Convex meniscus of the mercury breaks as its 
level rises above the openings of the recesses, a 
relatively large amount of mercury will flow into 
the recesses and cover the electrodes, and there 
Will be ample depth of mercury to carry a sub 
stantial current. The recesses are preferably, al 
though not necessarily, inclined downwardly, as 
shown, to further facilitate quick-make action 
at the time of making contact. The electrodes 
of each unit may be positioned in the same recess, 
or individual recesses for each electrode may be 
provided. Also, one of each set of electrodes may 
extend through the wall of the measuring cham 
ber So that it is in contact with the mercury be 
fore the other electrode which is positioned with 
in a recess. 
What clain is: 
1. An electric circuit controller comprising a 

contact structure, means including an envelope 
containing a quantity of fluid effective, upon suc 
cessive movements of said envelope to a given 
position, Successively to change the circuit con 
trolling condition of Said contact structure, and 
fiuid flow control means effective to limit, the 
number of Successive changes of the circuit con 
trolling condition of said contact structure in re 
sponse to successive and correlated movements of 
said envelope. 

2. An electric circuit controller comprising an 
envelope embracing a plurality of chambers and 
novable between predetermined positions, said 
chambers being in fluid intercommunication to 
form a closed system, a quantity of fluid contained 
within said system, and a pair of electrical con 
tacts the circuit controlling condition of which is 
changed in response to a predetermined level of 
fluid in one of said chambers, said chambers being 
so related that successive and correlated move 
ments of said envelope in the same Sense between 
said predetermined positions are effective succes 
sively to deliver Sufficient quantities of fluid to 
said one chamber to effect said predetermined 
level therein for a predetermined number of times 
only. 

3. An electric circuit controller comprising an 
envelope embracing a plurality of chambers and 
movable between predetermined positions, said 
chambers being in fluid intercofinmunication to 
form a closed system, a quantity of conductive 
fluid contained within said System, a pair of con 
tacts in communication with one of said chambers 
and disposed to be bridged by Said conductive fluid 
When it rises to a predetermined level therein, said 
chambers being So related that Successive and 
correlated movements of Said envelope in the same 
sense between said predetermined positions are 
effective successively to deliver sufficient quantities 
Of fluid to Said contact chamber to bridge said 
Contacts for a predetermined number of times 
only. 

4. An electric circuit controller comprising an 
envelope embracing a plurality of chambers and 
movable betweeri, predetermined positions, said 
chambers being in fluid intercommunication to 
form a closed System, a quantity of fluid contained 
within said System, a pair of electrical contacts 
the circuit condition of which is changed in re 
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6 
sponse to a predetermined level of fluid in one 
of said chambers, said last-named chamber being 
disposed to empty into another of Said chambers 
in a first of said positions of said envelope, said 
chambers being so related that successive and cor 
related movements of said envelope from Said first 
position to another of said positions are effective 
to refill said one chamber to said predetermined 
level for a predetermined number of movements 
only. .. 

5. An electric circuit controller comprising an 
envelope movable between predetermined posi 
tions and embracing three or more chambers in 
fluid intercommunication to form a closed SyS 
ten, a quantity of fluid contained in Said System, 
a pair of electrical contacts the circuit condition 
of Which is changed in response to a predeter 
mined level of liquid in one of Said chambers, 
said chambers being so disposed that Successive 
movements of said envelope between said prede 
termined positions effect the flow of said fluid 
between said chambers in a predetermined Se 
quence, thereby intermittently filling said one 
chamber to said predetermined level, and a re 
striction interposed between two of said chambers 
effective to limit the number of refillings of said 
One chamber in response-to-Successive and COrre 
lated movements of Said envelope. - 

6. An electric circuit controller comprising a 
envelope movable between predetermined posi 
tions and embracing three or more chambers in 
fiuid intercommunication to form a closed system, 
a quantity of fluid contained in Said. System, a 
pair of electrical contacts the circuit condition of 
which is changed in response to a predetermined 
level of liquid in a first one of said chambers, a 
second chamber disposed to discharge fluid by 
gravity into Said first chamber in One of Said 
positions of said envelope and having a fluid 
capacity a multiple of said first chamber, said 
first chamber being disposed to discharge fluid 
by gravity into a third of said chambers in the 
other position of said envelope and Said third 
chamber being disposed to discharge by gravity 
into said second chamber in said other position 
of said envelope, and a restricted passage limiting 
said last-named discharge, 

7. An electric circuit controller comprising an 
envelope. movable between predetermined posi 
tions and embracing three or more chambers in 
fluid intercommunication to form a closed SyS 
tem, a quantity of fluid contained in said Systein, 
a pair of electrical contacts the circuit condition 
of which is changed in response to a predeter 
mined level of liquid in one of Said chambers, 
said chambers being so disposed that Successive 
movements of said envelope between said prede 
termined positions effect the flow of said fluid 
between said chambers in a predetermined Se 
quence, thereby intermittently filling said one 
chamber to said predetermined level, and means 
governing the flow of fluid between certain of 
said chambers effective, upon operation of said 
envelope between said positions at a frequency 
greater than a predetermined magnitude, to lim 
it the number of refillings of Said. One chamber, 

8. An electric circuit controller comprising an 
envelope movable between predetermined posi 
tions and including a fluid System comprising a 
storage chamber, a refill chamber, and a measur 

- ing chamber, said chambers being in fluid inter 

5 

communication to form a closed System, a quan 
tity of fluid contained in said System, a pair of 
electrical contacts the circuit condition of which 
is changed in response to a predetermined level 

1998,254 
of liquid in one of said chambers, said chambers 
being so disposed that successive movements of 
said envelope between said predetermined posi 
tions effect the flow of fluid between said cham 
bers in the sequence refill chamber, measuring 
chamber, storage chamber, refill chamber, or the 
like, thereby intermittently filling said measur 
ing chamber to said predetermined level, and a 
restriction interposed between said storage cham 
ber and said refill chamber effective to limit the 
number of refillings of said measuring chamber 
from said refill chamber in response to succes 
sive and correlated movements of said envelope. 

9. An electric circuit controller comprising an 
envelope movable between two limiting positions 
and including a fluid System comprising a stor 
age chamber, a refill chamber, a measuring cham 
ber, and fluid conducting paSSages interconnect 
ing said chambers, a quantity of electrically con 
ductive fluid contained in said systems, and a 
pair of electrical contacts disposed in said measur 
ing chamber to be bridged by said conductive 
fluid when it rises to a predetermined level there 
in, Said chambers and passages being so disposed 
that Successive movements of said envelope be 
tween said limiting positions effect the flow of 
fluid between said chambers in the above-named 
Sequence, thereby intermittently filling said meas 
uring chamber to said predetermined level, and 
the passageway between said storage chamber 
and said refill chamber including a restriction 
effective to limit the number of refillings of said 
measuring chamber in a predetermined interval. 

10. An electric circuit controller comprising a 
pivotally mounted envelope movable between 
controlling and resetting positions and including 
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a fluid System comprising a storage chamber, a . 
measuring chamber, and a refill chamber dis 
posed effectively above said measuring chamber in 
the normal position of said envelope, a quantity 
of electrically conductive fluid contained in said 
System, a passage connected to conduct fluid from 
Said refill chamber to said measuring chamber 
in the controlling position of said envelope, said 
measuring chamber being disposed effectively 
above Said storage chamber, and said storage 
chamber effectively above said refill chamber in 
the resetting position of said envelope, a passage 
connected freely to conduct fluid from said meas 
uring chamber to said storage chamber in said 
latter position of said envelope, a restricted pas 
Sage connected to conduct fluid from said stor 
age chamber to said refill chamber in said lat 
ter position of Said envelope, and a pair of con 
tacts in Communication with said measuring 
chamber. - 

11. An electric circuit controller comprising an 
envelope embracing a plurality of chambers and 
movable between predetermined positions, said 
chambers being in fluid intercommunication to 
form a closed System, a quantity of fluid con 
tained within said system, a pair of electrical 
contacts, the circuit condition of which is 
changed in response to a predetermined level of 
fluid in One of Said chambers, said chambers 
being so related that successive, and correlated 
movements of Said envelope in the same direction 
between said predetermined positions are effec 
tive successively to deliver sufficient quantities 
of said fluid to said one chamber to effect said 
predetermined level therein for a predetermined 
number of times Only, and a second pair of con 
tacts operatively connected to said envelope and 
having their circuit condition changed in the 
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same sense as said first-named contacts but with 
a time-delay upon movement of said envelope in 
said direction to deliver a quantity of fluid to said 
One chamber, said pairs of contacts being So in 
terconnected that their coincident change in cir 
cuit condition is required to effect the desired 
change in circuit condition of the circuit COn 
troller. 

12. An electric circuit controller comprising an 
envelope embracing a plurality of chambers and 
movable between predetermined positions, said 
chambers being in fluid intercommunication to 
form a closed System, a quantity of fluid con 
tained within Said System, a pair of electrical 
contacts closed in response to a predetermined 
level of fluid in One of Said chambers, said cham 
bers being so related that successive and corre 
lated movements of said envelope in the same 
direction between said predetermined positions 
are effective Successively to deliver Sufficient 
quantities of Said fluid to said one chamber to 
effect said predetermined level therein for a 
predetermined number of times only, and a 
second pair of electrical contacts operatively 
connected to Said envelope and closed after a 
time-delay upon the movement of said envelope 
in a direction to close said first-named contacts, 
said pairs of contacts being connected in series, 
whereby their coincident closure is required to 
effect the closure of the circuit controller. 

7 
13. An electric circuit controller comprising an 

envelope embracing a plurality of chambers and 
movable between predetermined positions, Said 
chambers being in fluid intercommunication to 
form a closed system, a quantity of conductive 
fluid contained Within Said System, a pair of con 
tacts in communication with one of Said cham 
bers and disposed to be bridged by said conduc 
tive fluid when it rises to a predetermined level 
therein, said chambers being so related that suc 
cessive and correlated movements of Said en 
velope in the same direction between said pre 
determined positions are effective successively to 
deliver sufficient quantities of fluid to said con 
tact chamber to bridge said contacts a predeter 
mined number of times Only, and a Second en 
velope operatively connected to said first-named 
envelope and movable therewith and comprising 
a pair of chambers, a restricted passage for con 
ducting fluid between said chambers in one posi 
tion of Said envelopes, a Substantially unre 
Stricted passage for conducting fluid in an op 
posite direction between said envelopes. When in 
their other position, and a Second pair of elec 
trical contacts in communication with said cham 
ber into which said restricted passage leads and 
connected in series with said first-named coin 
tactS. 

WILLIAM M. SCOTT. 
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