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The invention relates to electric switches of 
the kind having one or more flexible contact 
members responsive to mechanical or magnetic 
forces for their actuation, and has reference more 
particularly to improved hinge structure for the 
movable contact member and which may be incor 
porated in hermetically sealed mercury switches 
to afford a greater variety of multiple contact 
structures within small spaces than heretofore 
possible in Switches of Such character and which 
will also extend the use of said mercury switches 
to applications heretofore desired but difficult to 
obtain. 
In electrical switch structures employing flexi 

ble or resiliently movable contact members a num 
ber of factors present problems involving special 
structure for various intended uses. In the sim 
plest form, representative of the hermetically 
sealed magnetically operated type of mercury 
Switch, the flexible contact members are of ribbon 
or Wire, as disclosed in the Huncicker Patent No. 
2,121,235, granted June 21, 1938. In these forms 
stability is afforded by fluting the ribbon or wire, 
or by selecting material of certain thickness, 
This, of course, tends to make the structure Sone 
what sluggish in operation and to create a need 
for magnetic forces of certain magnitude to oper 
ate them. Furthermore, the amplitude of move 
ment of the movable member is somewhat lim 
ited, particularly where it is desired to keep the 
overall switch dimensions to a minimum. 
Although Switch structure as above described 

satisfactorily fulfill certain requirements, a switch 
having more amplitude of contact movement and 
operative in response to a less degree of magnetic 
attraction has been particularly desirable. 
To meet the above requirements, relatively thin 

flexible members have been formed to provide 
spiral coils, as shown in the McCabe Patent 2,154,- 
761, granted April 18, 1939, the said spiral coils 
having supporting means fixedly Secured at one 
end, with the other end extended to Support an 
armature and provide means to move a switch 
contact. However, where uniformity of opera 
tion is desired, as in the switch itself or between 
like Switches, this form and others of similar 
construction provide a degree of flexibility in 
themselves, as, for example, between the convolu 
tions of the aforementioned spiral spring, as to 
Set up a degree of varying lost motion in the move 
ment effected in response to the force which ac 
tuates the Switch. 
Whereas, magnetically actuated switches of 

the character referred to have wide application, 
their desired use in some instances has provided 
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2 
a need for a switch which will operate in re 
sponse to Small magnetic forces, and which will 
have greater stability and uniformity of opera 
tion with adequate amplitude of Contact move 
ment and accuracy in that movement throughout 
repeated operations. 
Therefore an object of the invention resides 

in the provision of an electric switch which will 
incorporate novel hinge structure for the mov 
able member or members and which will have the 
desired characteristics as above mentioned. The 
improved flexible hinge structure of the inven 
tion is particularly desirable in mercury to mer 
cury make and break Switches of the magneti 
Cally actuated type because of the many advan 
tages to be Secured both as regards manufac 
ture and operation. Also for example, the im 
proved flexible hinge structure will render 
switches incorporating it capable of operations 
numbering hundreds a minute which heretofore 
has been difficult if not impossible to satisfac 
torily attain. Also switches incorporating the 
present flexible hinge Structure are capable of 
Substantial current carrying capacities even in 
their simplest forms. 
Another object of the invention resides in the 

provision of a flexible hinge member formed of 
flat relatively thin metal substantially in the 
shape of the letter H, and wherein the hing 
ing action will take place about the transverse 
center line in a manner to materially reduce twist 
ing and Similar torsional strains, 
Another and more Specific object resides in the 

provision of a flexible hinge member having par 
ticular application to electric Switches of the 
hermetically sealed mercury type and which is 
formed of flat relatively thin metal, having the 
shape of the letter H and with the sides thereof 
slotted and the cross member separated through 
out its length to provide two relatively movable 
Sections with one section serving as the fulcrum 
member for the other section. 
Another object is to provide a flexible hinge 

member for supporting the movable electrode or 
electrodes in mercury Switches and the like which 
Will render said Switch structure accurate in 
Operation, which will be capable of considerable 
amplitude of movement while maintaining space 
requirements to a minimum, which will render 
possible rapid operation to the extent of several 
hundred a minute, and which hinge member will 
have adequate stability for use in the mercury 
to mercury make and break type of magnetically 
actuated switch, 
With these and other objects in view the in 
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vention may consist of certain novel features of 
construction and operation as will be more fully 
described and particularly pointed out in the 
specification, drawings and claims appended 
heretO. In the drawings which illustrate an embodi 
ment of the invention and wherein like refer 
ence characters are used to designate like parts 

Figure 1 is a longitudinal sectional view 
through an enclosed mercury switch incorporat 
ing the improved hinge member of the invention 
and showing the switch elements in side 
elevation; Figure 2 is a longitudinal sectional view 
through the mercury switch of Figure 1 show 
ing the switch elements in plan elevation; 

Figure 3 is a plan view of the flexible hinge 
member forming the subject matter of the in 
vention shown in partially completed form; 

Figure 4 is a sectional view of the member 
shown in Figure 3 taken substantially along line 
4-4; Figure 5 is a plan view showing the hinge mem 
ber of the invention in completed form; 
Figure 6 is a side elevational view of the same; 
Figure 7 is a fragmentary detail sectional view 

on an enlarged Scale illustrating the fulcruming 
action which one section of the present hinge 
member has on the other section; 

Figure 8 is a plan view showing a modified 
form of flexible hinge member coming within 
the invention; Figure 9 is a fragmentary detail section illus 
trating the fulcruming action of the modified 
form of member shown in Figure 8; 

Figure 10 is a longitudinal sectional view show 
ing a mercury to mercury make and break mag 
netically actuated type of switch equipped with 
the improved flexible hinge member of the in 
wention; and 

Figure 11 is a sectional view through another 
type of mercury switch employing the present 
flexible hinge member. 

Referring to Figures 1 and 2, the enclosed 
mercury switch selected for illustrating the pres 
ent invention essentially consists of a cylindrical 
glass tube or container to closed at its lower end 
for receiving and retaining a small body of mer 
cury or other electrical conducting fluid . The 
upper end of the tube 0 is closed by a pinch 
seal identified by numeral 2, which seals in the 
body thereof one or more lead-in wires 3 and 
4. A filling stem 5 is provided through which 
the mercury is inserted and after gas has been 
Substituted for air in the tube the same is then 
sealed off. The lead-in wires may be extended 
to form one or more of the electrodes or contact 
members within the tube, which will be presently 
described in detail, or said electrodes may be 
welded or otherwise suitably secured to the inner 
end of the lead-in wires. 
The fixed electrode identified by numeral 6, 

connecting with the lead-in wire 3, extends into 
and has electrical contact with the pool of mer 
cury . The movable electrode 7 is provided 
with a contact point 8 for making and break 
ing the electrical circuit with the pool of mer 
cury and said movable electrode is supported 
by the flexible hinge member 20 of the invention 
mounted upon a Wire support 9 connecting with 
the lead-in wire f4. The said hinge member 
consists of two relatively movable sections, one 
section being fixedly secured to the supporting 
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4. 
bracket. 2 is fixed at one end to movable elec 
trode 7 and asid bracket carries at its other 
end an armature 22, which armature is actuated 
by magnet 23. With the magnet in position, as 
shown by full lines, Figure 1, the left end of arma 
ture 22 will be attracted to effect downward 
movement of electrode 7 with the result that 
the contact point f8 is caused to engage the 
mercury pool to complete the electric circuit 
through the switch. With the magnet in the 
position as shown in dotted lines in said figure 
the right hand end of the armature 22 will be 
attracted thereby and the effect of this action is 
to lift the movable electrode 7, breaking elec 
trical contact with the mercury pool and thus 
opening the electric circuit. 

Referring more particularly to Figures 3 to 6 
inclusive, a preferred form of flexible hinge 
structure is disclosed as comprising a member 20 
substantially in the shape of the letter H and 
which is formed of relatively thin, flat spring 
metal. The elongated spaced legs of the mem 
ber are each slotted as at 24 and the connecting 
or transverse center section is cut from slot to 
slot, as, for example, at 25. As a result the mem 
ber consists of two sections relatively movable 
and which sections are joined by the outer strip 
of metal of each elongated leg. The hinge mem 
ber is further processed to provide Said Outer 
strip of metal of each leg with a semi-circular 
depression 26, Figures 5 and 6, the depression 
or deformation taking such depth and breadth 
as will draw the severed edges of the Connecting 
center portion toward each other so that the 
separated parts 27 and 28 of the center portion 
have lapping relation, thus providing a fulcrum 
for the flexing of one section of the hinge member 
on the other. It is preferable to so arrange the 
location of the depressions in each leg so as to 
locate the edge of the underlapping part 28 sub 
stantially in alignment with the center of said 
depressions. As a result of this structure the 
fulcruming edge of the hinge member has ac 
tion substantially centrally of the member and 
also centrally of the Said depressions. 
As best shown in Figure 7, one section, namely 

27, of the hinge member has suitably secured 
thereto as by welding the supporting wire 9 
connected to lead-in wire A, which functions as 
a lead-in conductor for the movable electrode 7. 
The other section of the hinge member, namely, 
28, serves to support the movable electrode 
and which is suitably secured to said Section. 
It will be observed that whereas section 2 is se 
cured to the underside of the supporting wire 9, 
the other section 28 has securement to the top 
side of the electrode 7 and thus the wire is dis 
posed above the member, whereas, the electrode 
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wire 9, whereas, the other Section has fixedly se 
cured thereto the movable electrode 7. A 75 

is below the member. It will also be seen that 
as a result of the depressions 26 the underlapping 
part 28 is positioned with its cut edge in contact 
with the overlapping part 2 and thus a knife 
edge bearing is provided by the present hinge 
member, permitting flexing movement of the 
movable electrode with respect to the fixed sup 
porting wire 9 and which flexing movement 
takes place in a manner to prevent transmission 
of torsional or twisting strains. The knife edge 
effect above described can be accentuated by in 
creasing the angular relationship between tine 
fulcrunning parts of the hinge member. 

It will be apparent from the foregoing that 
the knife edge bearing which section 28 has on 
Section 27 provides a fulcrum capable of single 
flexing action which adds stability to the hinge 
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member, insuring long life, particularly so when 
the switch is subjected to rapid and continuous 
operation. By proper disposition of the magnet 
2 considerable amplitude can be obtained. Fur 
thermore, no lost motion is involved and the mag 
netic attraction of the armature is immediately 
effective as a result of the hinge member to move 
the electrode 7. It is also noted that by so po 
sitioning the armature with respect to the spring 
the magnetic attraction of the armature tends to 
maintain the fulcrum elements in contact with 
each other. 

In Figures 8 and 9 the hinge member has been 
modified to eliminate the depressions 26 in the 
outer metal Strips of the legs. In this modified 
form the hinge member 40 is substantially in the 
shape of the letter H and consists of a relatively 
thin, flat section of spring metal. The elongated 
legs are each slotted as at 44 and the connecting 
or transverse center section is also provided with 
a slot 45, the said slot 45 extending from the full 
length of the transverse center section and thus 
said slot 45 communicates with slots 44. Thus, 
the hinge consists of two relatively movable sec 
tions and which sections are joined by an outer 
strip of metal provided by each elongated leg. 
In order to provide for fulcrunning action of one 
section on the other a fulcrum member 46 is fix 
edly secured to part 47. The supporting wire 9 
is fixedly Secured in turn to the extending end 
50 of the fulcrum member 46 and accordingly 
section 3 of the hinge member is fixedly Sup 
ported through the fulcrum member by the Sup 
porting wire 9. The fulcrum member 46 over 
hangs part 3 and in accordance with the inven 
tion part 48 of the hinge member contacts the 
same for the purpose of fulcruming thereon. 
Part 48, has fixed thereto the movable electrode 

and the hinge member thus provides means 
permitting flexing movement of said movable 
electrode. 

In the hinge member of both modifications a 
knife edge bearing is provided at the fulcrum 
point which adds to the stability of the switch 
structure, insuring uniformity of operation with 
adequate amplitude of movement of the movable 
electrode in response to small magnetic forces. 
The switch structure incorporating the present 
hinge member is well adapted to uses where ra 
pidity of operation to the extent of several hun 
dred a minute is desired. The fact that the flex 
lure of the spring is positive and immediately re 
sponsive to the magnet without any lost motion 
together with the fact that a simple hinging ac 
tion with good amplitude of movement results, 
renders this switch structure adaptable to such 
uses as those in connection with counting de 
vices and high Speed manufacturing equipment. 

In the switch structure of Figure it will be 
observed that magnetic means are employed to 
effect both make and break, since the slight lag 
involved when relying upon the Spring hinge 
member to effect the break prevents the higher 
speeds of operation from being attained. In this 
form the spring hinge may position the movable 
electrode 7 midway between the extreme oper 
ating positions, thus relieving to a degree the 
stresses and fatigue in the hinge member since 
it plays no part in placing the movable electrode 
in either of its positions as contrasted with a 
spring return type. However, for infrequent or 
slowly repeated operations magnetic means ef 
fective in one direction only with spring return 
to the other direction is all that is needed. 
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providing a mercury to mercury make and break, 
thus affording means to handle larger currents 
than those handled by the type of switch shown 
in Figure 1. The glass tube or container 60 re 
tains a small body of mercury or other electrical 
conducting fluid 6. A pair of lead-in wires are 
sealed at the other end of the tube and said lead 
in wires support the electrodes or contact mem 
bers within the tube. The fixed electrode, identi 
fied by numeral 63, and connected to one of the 
lead-in wires, extends into and has electrical con 
tact with the pool of mercury 6. The movable 
electrode 6 supports a cup 68 of arc resisting, 
insulating material and which cup retains some 
mercury which thus makes electrical contact with 
the electrode 67 having a fixed relation to the 
base inside said cup. In accordance With the in 
vention, the hinge member 20 supports the mov 
able electrode 67 from a support in wire 64 con 
nected to the other lead-in wire and said mov 
able electrode is thus hingedly mounted and pro 
vided with an armature 69 for effecting actuation 
of the Same magnetically. Magnetic attraction 
of Said armature will submerge the cup 68 into 
the mercury pool 6 and the mercury thus over 
flows the edges of the cup to join the body of 
mercury within the cup whereby the electrical 
circuit is completed through the Switch. Upon 
removal of the magnetic force the hinge men 
ber will become effective to lift the cup 68 which 
is caused to float upon the mercury pool in the 
tube and upon separation of the mercury con 
tained in the cup from said pool the electrical 
circuit is opened. 
. In the SWitch such as shown in Figure 10 
stability in the Spring hinge member is needed 
to Support the Cup When afloat in the mercury 
and Said Spring hinge member must also have 
positive action in response to the operating force 
in Submerging the cup into the mercury in order 
that said operating force may be a minimum 
ComnenSurate with reliability in providing oper 
ation. The improved Spring hinge structure of 
the invention has the desired characteristics and 
thus makes practical a magnetically actuated 
switch of this type. Furthermore, the hinge 
member is preferably spaced under tension by the 
buoyancy of the mercury in floating the cup so 
that the magnetic or operating force producing 
the Submersion of the cup is aided by this spring 
tension. So as to require only such power as is 
neceSSary to displace the amount of mercury 
inecessary to Submerge the cup. Thus smaller 
amounts of power are effective to operate the 
SWitch than is possible with other types of spring 
Structures. 
The Switch structure shown in Figure 11 is 

Similar to the enclosed mercury Switch disclosed 
in the McCabe Patent No. 2,325,785, granted 
August 3, 1943. The glass tube or container 70 
contains a body of mercury 2, and a pair of 
lead-in wires support electrodes in a manner as 
described with respect to the switches of Figures 
1 and 10. In this form, however, the fixed elec 
trode 74 carries at its lower end a capillary tube 
6 of copper or other electrical conducting ma 

terial and which is partly submerged in the mer 
cury pool 7 f. The capillary tube has its upper 
end extending above the mercury pool to present 
a meniscus of mercury to be engaged or disen 
gaged by the contact member 9 of the movable 
electrode 78. For proper operation of such mech 
anism it will be seen that it is absolutely essen 
tial for the contact 9 to always enter the open Figure 10 discloses a switch having structure 75 ing provided therefor in the capillary tube 76 so 
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as to engage the meniscus of mercury provided 
thereby. The present hinge member with its 
many desirable features, as previously pointed 
out, lends itself to incorporation in switches of 
this capillary tube type by insuring accuracy in 
the movement of the movable electrode 78 
throughout its operation. 

It will be apparent that whereas the switches 

8 
has knife edge contact with the other part for 
furcruming thereon. 

shown are of the normally open type the hinge 
member of the invention may be incorporated in 
switches of the normally closed type as well as 
switches employing a multiple of movable con 
tact members or electrodes. The small space re quirements for the hinge member makes possible 
the latter types without resorting to large en 
closures for containing them. 
The invention is not to be limited to or by 

details of construction of the particular embodi 
ment thereof illustrated in the drawings, as vari 
ous forms of the device will of course be appar 
ent to those skilled in the art without departing 
from the spirit of the invention or the scope of 
the claims. 
What is claimed is: 
1. In an electrical switching device including 

at least one movable contact member, flexible 
hinge structure supporting said member compris 
ing a section of metal having a shape in plan to 
provide a pair of spaced elongated legs connected 
by a center transverse portion, said elongated legs 
each having a slot extending longitudinally there 
of, and said center transverse portion being 
severed from slot to slot to thereby form two 
relatively movable parts. 

2. In an electrical switching device including at 
least one movable contact member, flexible hinge 
structure supporting said member comprising a 
section of metal having a shape in plan to pro 
vide a pair of spaced elongated legs connected 
by a center transverse portion, said elongated 
legs each having a slot extending longitudinally 
thereof, said center transverse portion being 
severed from slot to slot to thereby form tWO rela 
tively movable parts, and one of said parts pro 
viding means serving as a fulcrum for the other 
part. 

3. In an electrical switching device including at 
least one movable contact member, flexible hinge 
structure supporting said member comprising a 
section of metal having a shape in plan to pro 
vide a pair of spaced elongated legs connected 
by a center transverse portion, said elongated 
legs each having a slot extending longitudinally 
thereof, said center transverse portion being sev 
ered from slot to slot to thereby form two rela 
tively movable parts, and the Outer edge of each 
leg having a formation substantially centrally 
thereof in transverse alignment with the center 
portion, whereby said relatively movable parts 
are caused to lap so that One part serves as a 
fulcrum for the other part. 

4. In an electrical switching device including 
at least one movable contact member, flexible 
hinge structure supporting said member compris 
ing a section of metal having a shape in plan to 
provide a pair of spaced elongated legs connected 
by a center transverse portion, said elongated legs 
each having a slot extending longitudinally 
thereof, said center transverse portion being 
Severed from slot to slot to thereby form two rela 
tively movable parts, and the outer edge of each 
leg having a depression formed therein substan 
tially centrally thereof in transverse alignment 
with the center portion, whereby said relatively 
novable parts are caused to lap so that one part 
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5. In an electrical switching device including 
at least one movable contact member, a flexible 
hinge member supporting said contact member, 
said hinge member comprising a flat relatively 
thin portion of spring metal having substantially 
the shape of the letter H, said hinge member 
having a slot in each elongated side leg, and the 
transverse center part being severed from slot 
to slot to provide two relatively movable sections, 
One of said sections having fulcruming action 
with respect to the other section. 

6. In an electrical switching device including 
at least one movable contact member, a flexible 
hinge member supporting said contact member, 
said hinge member comprising a flat, relatively 
thin portion of spring metal having substantially 
the shape of the lettér H, said hinge member 
having a slot in each elongated side leg, and the 
transverse center part being severed from slot 
to slot to provide two relatively movable sec 
tions, one of said sections having an angular 
position with respect to the other section to pro 
vide a knife edge bearing therefor, whereby said 
angularly positioned member fulcrums on said 
knife edge bearing. 

7. In an electrical switching device including 
at least one movable electrode, a flexible hinge 
member supporting said movable electrode, said 
hinge member comprising a flat, relatively thin 
spring in the shape of the letter H, said hinge 
member having a slot in each elongated side leg, 
the transverse center portion being severed from 
slot to slot to thereby form two relatively movable 
sections, and said sections overlapping so that 
one section has bearing contact on the other 
section to provide a fulcrum for the flexing of 
one section with respect to the other, 

8. In an electrical switching device including 
at least one movable electrode, a flexible hinge 
member supporting said movable electrode, said 
hinge member comprising a flat, relatively thin 
spring in the shape of the letter H, said hinge 
member having a slot in each elongated side leg, 
the transverse center portion being severed from 
slot to slot to thereby form two relatively mov 
able sections, and the Outer edge of each leg 
having a depression formed therein substantially 
centrally thereof in transverse alignment with 
the center portion, whereby said relatively mov 
able sections are caused to overlap so that one 
section has knife edge contact with the other 
section for fulcruming thereon. 

9. In an electrical switching device including 
at least one movable electrode, a flexible hinge 
member supporting said movable electrode, said 
hinge member comprising a flat, relatively thin 
spring in the shape of the letter H, said hinge 
member having a slot in each elongated side leg, 
the transverse center portion being severed from 
slot to slot to thereby form two relatively movable 
sections, and a fulcrum member secured to one of 
said relatively movable sections and overlapping 
the other section to provide a fulcrum for said 
other section, whereby said other section has 
flexing movement about said fulcrum. 

10. An electrical switching device as defined by 
claim 8 wherein the section having knife edge 
contact with the other section is angularly po 
sitioned with respect to said other section. 

11. An electric switching device as defined by 
claim 9 wherein the other section is angularly 
positioned with respect to the fulcrum member 
so that said other section has knife edge contact 
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therewith for said fulcruming action on the men 
ber, 

12. An electric switch including a sealed con 
tainer, a pool of mercury therein, a fixed elec 
trode extending into and submerged in the pool 
of mercury, a movable electrode, and a flexible 
hinge member supporting said movable electrode 
from a fixed lead-in wire, said flexible hinge 
member comprising a flat relatively thin spring 
having a shape in plan to provide a pair of spaced 10 
elongated legs connected by a center transverse 
portion, said elongated legs each having a slot 
extending longitudinally thereof, said center 
transverse portion being severed from slot to slot 
to thereby form two relatively movable sections, 5 
one of said sections of the hinge member being 
fixedly secured to said lead-in wire and the other 
section having the movable electrode secured 
thereto. 

13. An electric switch including a sealed con- SO the other section. 
tainer, a pool of mercury therein, a fixed elec 

10 
trode extending into and submerged in the pool 
of mercury, a movable electrode, and a flexible 
hinge member supporting said movable electrode 
from a fixed lead-in wire, said flexible hinge 
member comprising a flat relatively thin spring 
having a shape substantially in the form of the 
letter H, said hinge member having a slot in 
each elongated side leg, and the transverse cen 
ter part being severed from slot to slot to provide 
two relatively movable sections, one of said sec 
tions of the hinge member being fixedly secured 
to said lead-in wire and the other section having 
the movable electrode secured thereto, 

14. An electric switching device as defined by 
claim 13, additionally including an armature fixed 
to the movable electrode for magnetically actu 
ating said electrode to produce flexing movement 
thereof, and wherein as a result of said flexing 
movement one section has fulcruming action. On 

IRA. E. McCABE, 


