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57 ABSTRACT 
A toggle linkage over-center mechanism employs first 

US005426990A 

11 Patent Number: 
(45) Date of Patent: 

5,426,990 
Jun. 27, 1995 

and second solid, metal links having facing axial ends 
pivoted to each other for pivoting about a first axis, the 
first link is pivotably coupled at one end to the fixed 
support for pivoting about a second pivot axis. The 
second link has an opposite axial end pivotably coupled 
about a third axis to an element for causing over-center 
movement of the pivotably coupled first and second 
links through a center line defined by the first and third 
pivot axes. Tension coil springs having opposite ends 
are pivotably coupled to respective outboard ends of 
the pivotably coupled first and second links. One of the 
rigid metal links is adjustable over its length to preload 
the tension coil springs to a sufficient magnitude to 
maintain preload tension within the over-center toggle 
linkage mechanism over the full range of movement of 
the toggle links between oppositely oblique over-center 
positions. The pivot axis between the end of the second 
link remote from the pivot connection between the first 
and second links defines a free pivot axis which moves 
relative to the fixed support. An actuator stem is pivota 
bly mounted to the first link for pivoting about an axis 
parallel to the first, second and third pivot axes. The 
second link may be of dumbbell configuration and con 
sist of two axial sections each having a cylindrical head, 
with one head having a tapped bore receiving a fine 
thread cylindrical shank sized and threaded to the 
tapped bore. Relative rotation between the two sections 
of the second link effect axial length adjustment of that 
link. 

17 Claims, 3 Drawing Sheets 
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1. 

OVER-CENTER TOGGLE LINKAGE WALVE 
ACTUATING MECHANISM WITH ADJUSTABLE 

TENSION SPRNG PRELOADING 

FIELD OF THE INVENTION 

This invention relates to over-center toggle linkage 
valve actuating mechanisms particularly useful for liq 
uid pumping systems, and more particularly to a toggle 
linkage mechanism in which one of the two solid links is 
of adjustable length for preloading one or more tension 
springs tending to bias the toggle linkage in alternate, 
cross-over center positions, with bias maintained con 
tinuously throughout the toggle linkage movement to 
alternate oppositely oblique over-center positions. 

BACKGROUND OF THE INVENTION 

Toggle linkage over-center float-operated valve actu 
ating mechanisms are useful in controlling the filling of 
a closed or sealed pressure vessel and for driving an 
accumulated liquid periodically from the vessel. Typi 
cally, a vent valve vents the interior of the vessel to the 
atmosphere and a second pressure valve subjected to 
high pressure inlet fluids admits live steam to drive an 
accumulated liquid from the vessel. In filling the vessel, 
the vent valve is in the open position, and the pressure 
valve is closed by a single float-operated over-center 
toggle linkage valve actuating mechanism. As the vessel 
fills with liquid, the float rises and a pivotable float arm 
forming part of the valve actuating mechanism is swung 
or pivoted about a pivot point at an end remote from the 
float. That end is mechanically coupled to an over-cen 
ter toggle linkage mechanism to move that mechanism 
towards a center, link in line position against a spring 
bias. Such mechanisms have toggle links which Snap 
quickly through the center line position, attempting to 
close the vent valve simultaneously with snap opening 
of the high pressure inlet valve to pump the accumu 
lated liquid from the vessel, and vice versa. Typically, a 
tension coil spring provides such biasing force, with the 
tension coil spring coupled at opposite ends to movable 
elements of the valve actuating mechanism; normally 
the opposite ends of two toggle links, which themselves 
are pivoted to each other remote from the spring cou 
pling points. 

Applicant's U.S. Pat. No. 5,141,405, issued Aug. 25, 
1992, incorporates a compression coil spring under 
precompression as one of the toggle links to ensure that 
the open valve remains open and that the other closed 
valve remains closed on the valve seats until the precise 
moment that the toggle linkage moves over-center to 
change the state of both valves. In such mechanism, the 
pivot connection between one end of a compression coil 
spring (or dual compression coil springs), is pivotably 
coupled at a selected longitudinal position on a respec 
tive spring preload and swing arm (or arms) directly 
coupled to the float. In such case, the compression coil 
spring(s) is either additionally preloaded, i.e., com 
pressed, or offloaded by expansion of the compression 
coil spring. 
Such float operated over-center valve actuating 

mechanism requires the utilization of preload arms, is 
limited to the substitution of a compression coil spring 
for one of the solid metal toggle links and requires the 
selection of a spring constant for the compression coil 
spring correlated to the pressures encountered in liquid 
pumping systems which vary greatly, as do the liquids 
to be pumped, materially affecting the buoyancy forces 
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2 
acting on the float to cause over-center toggle linkage 
movement to change the state of the valves. 
The applicant has ascertained certain problems when 

using a toggle linkage over-center valve actuating 
mechanism which employs one or several tension coil 
springs. Typically the spring tension is set by the fac 
tory to cover normal situations where the pump opens 
against a high pressure fluid such as steam. Typically 
manufacturers employ a heavy enough coil spring to 
open against 150 pounds of steam. To provide the de 
sired utility to the pump, the manufacturer must provide 
a variety of springs, that is springs having a variety of 
spring constants. Additionally, in many of the toggle 
linkage over-center valve actuating mechanisms em 
ploying tension springs, the springs are slack when the 
toggle links are over-center, that is, they lack any force 
on the toggle linkage in the oppositely oblique, extreme 
over-center positions of the toggle links. Where the 
spring at opposite ends is connected to the ends of the 
toggle links remote from their center, common pivot 
connection, the spring stretches in both directions from 
its center point in the plane of the pivot connection 
between the links. 
The applicant has further noted that since it is the 

float which causes valve actuation and over-center 
action, the mechanism does not sense the pressure 
within the interior of the pump housing; the valve opens 
only as a result or rise and drop of the accumulated 
liquid, which liquid must be pumped out by the driving 
fluid such as steam when that liquid reaches a predeter 
mined level. 

It is highly desirable therefore to have a toggle link 
age over-center valve mechanism which works prop 
erly under conditions where the liquids to be pumped 
vary and where the gas pressure to affect that pumping 
may vary over a wide spectrum of pressures. 
The applicant is also aware of the fact that upon drop 

in liquid level, the float is required to actuate the over 
center toggle linkage. Such requires the dual links to 
pass through the center line position between the ex 
treme pivot points at the opposite ends of the links, one 
of which is pivoted to a fixed frame, and the other to an 
element of the float and against the spring biasing force. 
Such reversing the state of the over-center valve actuat 
ing toggle linkage depends primarily on the mass of the 
float, and the float arm and its attendant elements cou 
pled at an opposite end to a toggle link. Where the 
pump including the toggle linkage over-center valve 
actuating mechanism is designed to handle a liquid such 
as water, the pump may have difficulty in handling a 
naphtha because the buoyancy of the float by naphtha is 
quite different than that of water. In addition, where 
one may normally employ steam as the driving medium 
for opening the valve and to force the liquid to be 
pumped by the pressure fluid from the pump housing or 
other liquid container depending on the properties of 
the liquid, a different gas or pressure fluid may be re 
quired, such as nitrogen. Where one is pumping a liquid 
hydrocarbon or sulfuric acid, the selection of the gas 
would have to be one which is compatible with the 
liquid accumulating and requiring pumping, and in such 
case steam would not be applicable. 

It is therefore a primary object of this invention to 
provide an improved, snap acting toggle linkage over 
center valve actuating mechanism, of low cost, of sim 
plified construction, which employs tension springs 
which may be preloaded, wherein the biasing force of 
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the springs is maintained throughout the complete 
movement of the toggle linkage from one over-center 
position to the other, which permits onsite preloading 
of a tension coil spring or springs and which eliminates 
the necessity of correlation of the tension coil springs to 
the gas pressure of the drive fluid and the buoyancy 
force characteristics of the liquid to be pumped. 
BRIEF DESCRIPTION OF THE ORAWINGS 

FIG. 1 is a side elevational view of a float-operated, 
over-center toggle linkage, valve actuating mechanism 
forming a preferred embodiment of the invention. 

FIG. 2 is a vertical end view of the mechanism of 
FIG. 1. 
FIG. 3 is a top plan view, partially broken away of 

the mechanism of FIG. 1. 
FIG. 4 is a side sectional view of the mechanism of 

FIG. 3 taken along line 4-4. 
FIG. 5 is a vertical sectional view of the mechanism, 

similar to that of FIG. 1 with the toggle links in oppo 
sitely oblique, over-center position to that of FIG. 1. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODEMENT 

Referring to the drawings, the over-center toggle 
linkage valve actuating mechanism preferably for use in 
a liquid pumping system, is indicated generally at 10. It 
is comprised principally of a fixed frame indicated gen 
erally at 12, a toggle linkage indicated generally at 24, a 
ball float 26, a force amplification mechanism indicated 
generally at 28 connecting the ball float 26 to the toggle 
linkage 24, and an actuator or push rod 30 for control 
ling and operating a valve assembly (not shown) of the 
type shown in applicant's U.S. Pat. No. 5,141,405, 
whose content as shown in FIGS. 1 and 1A of that 
patent is incorporated herein by reference. 
The toggle linkage 24 consists of a first rigid material, 

non-expandable or contractible, preferably metal link 
32, and a second rigid material toggle link 34. Such 
toggle linkage is spring biased in either of two, oppo 
sitely oblique over-center positions as shown in FIGS. 4 
and 5, which positions alternate. FIG. 4 illustrates the 
position of the valve actuating mechanism after pump 
ing liquid from a pump, with the liquid level L and the 
float 26 at their lowest positions. That of FIG. 5 shows 
the float 26 as having risen appreciatably to drive the 
toggle linkage 24 over-center so as to significantly raise 
the actuator or push rod 30 from the position shown in 
FIG. 4, to that of FIG. 5. 
At that point, the pressure fluid valve (not shown) 

opens, the liquid valve (not shown) closes, and the 
pump is gas pressurized to again drive the accumulated 
liquid W from the interior of the pump casing. As a 
result, the liquid level L. drops to that shown in FIG. 4 
and the ball float drops by gravity causing a change in 
state of the toggle linkage to the position shown in FIG. 
4. 
Such action is in accordance with the description in 

applicant's prior U.S. Pat. No. 5,141,405. 
The present invention is directed to the float 

operated, preloaded tension spring biased over-center 
toggle linkage valve actuating mechanism 10. In that 
respect, the fixed frame 12 is of generally U-shape and 
consists of a horizontal, transverse base or crossbar 14 
integrally formed or fixed to the lower ends of laterally 
opposed vertical side walls 16. The sidewalls 16 extend 
upwardly from the base and terminate in integral oppo 
sitely, outwardly directed flanges 18. The flanges 18 are 
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4. 
provided with holes as at 20 permitting the fixed frame 
to be bolted to the interior of a pump pressure vessel or 
the like (not shown). 
The sidewalls 16 of the fixed frame 12 are of inverted 

L shape, each having a narrow vertical portion 16A 
rising from base or crossbar 14 to their upper ends and 
terminating in integral, right angle, rearwardly project 
ing sidewall portions 16B. Each of the sidewall portion 
16 is provided with a pair of circular holes. A relatively 
large diameter circular hole 38 is proximate to the con 
nection between the horizontal portion 16B and the 
vertical portion 16A of each inverted L shape sidewall. 
Large holes 38 can be varied in diameter to control the 
angular position of the float which, when aligned with 
all of the three pins, can vary the snap point in relation 
to the float position. A smaller diameter hole 40 hori 
zontally in line with hole 38 is proximate to the outer 
end of the leg 16B of each sidewall. Mounted between 
the laterally spaced sidewalls of the outwardly opened 
Ushape fixed frame 12 is the toggle linkage 24 consist 
ing of a first rigid metal internal link or yoke 32 having 
one end or base 32A pivotably mounted to the fixed 
frame sidewall leg 16B for pivoting about a fixed axis 
defined by a first pin 42, and having an opposite end or 
arm 32B pivotably coupled to a second rigid metal link 
34 by a second, pivot pin 46. The opposite end of the 
second link34 is pivotably connected via a third pin 43, 
to a crank arm 88 forming one element of the force 
amplification mechanism 28. 
The third pin 48 does not pass through the fixed 

frame, and that connection is a free pivot connection 
limited only to available rotational positions of the sec 
ond link 34, and the crank arm 88. 
As seen best in FIG. 3, the first link 32 is formed of a 

stamped or cast metal plate of generally rectangular 
configuration in the form of a yoke having a base 32A, 
extending transversely and being of a width less than 
the width between the two side plates 16 of the fixed 
frame. Yoke 32 has arms 32B extending at right angles 
to the base and outwardly thereof. A narrow width slot 
50 is formed centrally of the toggle link32, and extends 
away from the base 32A with the arms 32B being nar 
rowed as at 32C to define a widened portion 50A of the 
slot 50. A pair of axially aligned holes 52 are formed 
within arms 32B sized to rotatably carry the first pin 42 
such that the first link 32 rotates about a fixed pivot axis 
A on the fixed frame 12. Additionally, the arms 32B at 
their ends remote from base 32A are provided with 
axially aligned small diameter holes 52, 60, 54 in order 
from the rear to the front of the over-center valve actu 
ator 10. In front of pivot pin 42, a pair of axially aligned 
holes 60 of small diameter fixably mount by friction fit, 
a small diameter pivot pin 44 which pin 44 passes 
through slot 50 and within which is positioned the 
lower end of a vertically upright rod 64 of the valve 
actuating rod assembly 30. Thus the lower end of the 
actuator rod 64 is pivotable about the axis B of pivot pin 
44, and between the arms 32B of the U shaped yoke, 
first solid metal link 32. A pair of axially aligned holes 
54 within the reduced thickness legs 32B of link 32 
receive a pivot pin 46 of a diameter slightly smaller than 
the diameter of the holes 54. The pivot pin 46 pivots 
about a pivot axis C. Further, the opposite projecting 
ends 46A of that pivot pin projects through the larger 
diameter axially aligned holes 38 within respective side 
walls 16 of the fixed frame 12. During over-center 
movement of the toggle linkage 24, the ends 46A abut 
diametrically, vertical opposite top and bottom edges of 
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holes 38 which define stops for the toggle linkage dur 
ing alternate upwardly oblique and downwardly 
oblique positioning of the toggle links 32, 34 relative to 
each other as effected by a rise in the level L of the 
water W FIG. 1 acting on the ball float 26 of the float 
actuator mechanism 28, and fall of the same. 

Unlike toggle link32, the second toggle link 34 does 
not have its pivot pins passing through aligned circular 
holes or through a bore within the respective opposite 
ends of toggle link34. The pivot pin 46fits into a rectan 
gular cross-section slot 82 formed within a first outer 
face 70A of head 70 of solid metal toggle link 34. The 
opposite end of the toggle link 34 carries a second simi 
larly sized, radially enlarged head 72. Head 72 carries a 
rectangular cross-section slot 83 within outer face 72A 
thereof. Both heads 70 and 72 are of cylindrical form. 
Further, link 34 is formed of two solid metal parts, a 
first metal part indicated generally at 74 and the second 
part being constituted totally by the head 72. The first 
part 74 of the toggle link34 is a machined or otherwise 
formed metal piece of cylindrical form, having a rela 
tively small diameter shank 76, welded at 78 to a re 
duced diameter or stepped portion 79 of head 70. The 
sections 70, 79 and 76 of first part 74 of the second link 
are coaxial. The shank 76 has threads at 80 at the end 
remote from head 70 which are threaded into a tapped 
hole or bore 82 within the second part or head 72 of the 
toggle link. Head 70 of the toggle link 34 carries a trans 
verse slot 82, within face 70A which is slightly wider 
than the diameter of the pivot pin 46 received therein 
and of a depth in excess of that diameter. At the oppo 
site end of the second toggle link34, the outerface 72A, 
of head 72 directed away from the toggle link first sec 
tion 76, carries a rectangular slot 83 extending trans 
versely from one side to the other which is of a width in 
excess of the diameter of the pivot pin 48, within which 
slot 83 the pin 48 is positioned. The depth of that slot is 
in excess of the diameter of the pivot pin 48. 
The pivot pin 42 and the pivot pin 48 are much longer 

in length than pivot pins 44 and 46. The pivot pin 42 is 
required to extend through axially aligned bores or 
holes 52 within respective arms 32B of the first link32, 
inwardly of base 32A, sized slightly larger than the 
diameter of the pivot pin 42, as well as axially aligned 
bores 90 within the fixed frame sidewall portions 16B. 
The pivot pin 42 is freely rotatable within both the 
sidewalls 16 of the fixed frame, and the link 32 is freely 
rotatable about axis A of pivot pin 42. Opposite head 
end 42A and shank end 42B of the first pivot pin 42 
rotatably support solid metal cylindrical heads 92, the 
heads 92 each having a bore 94 through those members 
at right angles to the axis of the cylindrical heads, bore 
94 being slightly larger than the diameter of the pivot 
pin 42 and receiving the ends 42A of the same. The 
projecting ends 42B of each pin each carry a small 
diameter hole 96 which passes through the end 42B at 
right angles to the axis A of the pivot pin 42 and within 
which project cotterpin 98, locking the pivot pin 42 to 
heads 92. 
To the front of the assembly, a similar sized and 

length pivot pin 46 is pivotably connected to an upper 
yoke 100 at the upper end of the crank arm 88. Yoke 100 
is of U shape configuration, with a pair of parallel arms 
102 extending parallel to the axis of crank arm 88, and 
being spaced laterally a distance slightly in excess of the 
diameter of head 72 of toggle link 34. The arms 102 of 
the crank arm yoke 100, terminate at their outboard 
ends, in right angle cylindrical bosses 104 which are 
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6 
axially bored at 106 slightly larger in diameter than the 
diameter of the pivot pin 48 which passes therethrough. 
The bosses 104 extend slightly beyond the outside sur 
faces of the opposite vertically upright sidewalls 16 of 
the fixed frame 12. The central portion of the pivot pin 
48 between arms 102 of the yoke 100 is received within 
the transverse slot 83 within face 72A of the second 
toggle link head 72. One outboard end 48B of the third 
pivot pin 48 carries a cylindrical head 92 inside of a 
small diameter hole 110 passing through that end at 
right angle to the pivot axis D of that pin, through 
which hole 110 extends cotterpin 112. The other end of 
the pivot pin 48 has a radially enlarged head at 48A 
which rides on the outer periphery of a further cylindri 
cal head 92. Interspersed between heads 92 on respec 
tive pivot pins 42 and 48 and the free ends of bosses 104 
of pivot pin 48 are several washers to ensure free rota 
tion of the heads 92 about the axis D of the third pivot 
pin 48. To the rear end of the assembly, similar washers 
114 are interposed on pivot pin 42 between the cylindri 
cal heads 92 and the exterior surfaces of the vertical 
sidewalls 16 of the fixed frame, for the same purpose. 
The tension coil springs 36 are of a length when in 

fully relaxed condition, which are shorter than the dis 
tance between the cylindrical heads 92 of the respective 
first and fourth pivot pins 42, 48. Further, the heads 92 
have relatively large diameter portions through which 
the pivot pin passes for pivotably mounting those heads 
to respective outboard pivot pin ends. Heads 92 have 
reduced diameter portions 92B sized to the inner diame 
ter of the tension coil springs 36. Opposite ends 36A of 
the tension coil springs are welded or otherwise fixably 
mounted to those reduced diameter portions 92B of the 
spring pivot heads 92. During snap action movement, 
there is a limited rotation of the coil spring assemblies 
120 defined by the coil springs 36 and their pivot heads 
92 at opposite ends. A swinging or pivoting movement 
is about the fixed pivot axis A, defined by the pivot pin 
42. The tension coil springs 36 are made so as to freely 
flex over their major length between the fixed connec 
tions at the opposite ends 36A to the pivot heads 92 for 
each coil spring assembly 120. 

Actuation of the toggle linkage 24 against the spring 
bias of the tension coil springs 36 is effected by the force 
amplification mechanism indicated generally at 28. In 
that respect, crank arm 88 is pivotably connected be 
tween laterally spaced arms 124 of a U shaped yoke 
member or bifurcated float arm 122, the arms 124 
spaced from each other a distance permitting passage of 
the lower end 88B of the crank arm 88 therethrough. A 
hole 127 is drilled or otherwise formed through the 
lower end 88B of the crank arm at right angles to its axis 
and a pivot pin 126 is force fitted into that hole such that 
opposite ends 126A project outwardly therefrom. 
Those ends 126A are received within respective aligned 
bores 125 of laterally spaced arms 124 of a bifurcated 
float arm 122 terminating at a lower end in a solid rod 
128 which is threaded at 130, and which may be re 
ceived within a tapped hole within a nut 132 fixed to the 
exterior of the ball float 26. Thus the rod 128 and the 
bifurcated arms 124 of the float arm 122 extend radially 
away from the ball float with their arms 124 pivoted, 
about pin 126 defining a fifth pivot axis, to the lower 
end of the crank arm 88. Further, a pair of horizontal 
axis, circular holes 134 are formed within respective 
sidewalls 16 of the fixed frame at some distance above 
the crossbar or base 14 of that member. Projecting 
through those holes is a pivot pin 138, defining a fourth 
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pivot axis, having a head 138A at one end, and at an 
opposite end 138B carrying a diametrically extending 
small diameter hole which receives a cotterpin 140. 
Preferably, washers at 142 are provided between the 
headed end 136A and the outside face of the fixed frame 
sidewall 16 as well as between the outside face of the 
opposite sidewall 16 and the cotterpin 140. 

This not only takes the slop out of the tension coil 
springs 36 for the over-center toggle mechanism 10, but 
insures a pretensioning force acting on the valve operat 
ing assembly and particularly operating valve assembly 
30, and thereby maintaining one of the valves closed 
and the other open until the toggle links 32, 34 move to 
a position of alignment with a center line C extending 
through the fixed pivot axis A and the movable pivot 
axis D, at opposite ends of toggle linkage 24. The open 
valve is maintained open and the closed valve closed 
until the actual instance of toggle linkage over-center 
movement past the center line C of the hinged toggle 
links 32, 34. 
A key aspect is the rigid material toggle link 34, 

whose axial length may be fine tuned and which preten 
sion force may be maintained, while coupled at one end 
to the other of the rigid metal toggle links as at 32, with 
the opposite end pivoted to the float arm or to an ele 
ment of a force amplification system incorporating such 
float arm as for instance the crank arm 88 in the embodi 
net. 

Preferably, the rigid metal toggle link 34 is of dumb 
bell configuration comprised of the two, axially spaced 
radially enlarged cylindrical heads 70, 72. Head 72 has 
an axial bore which is tapped with very fine threads 81, 
that bore being sized to the threaded portion 80 of the 
shank 76 which is integral with and which extends axi 
ally from the opposite head 70. The adjustable length 
rigid metal toggle link34 is further characterized by the 
transverse grooves as at 82 within head 70, and at 83 
within head 72. They receive respectively pivot pin 46 
and pivot pin 48 to effect the desired couplings. The 
slots or grooves 82, 83 facilitate the assembly of toggle 
linkage 24 and the adjustment of the length of link 34. 
By minimizing the pitch of the threads on the shank 76 
and the tapped bore 81 within head 72, rotation of head 
72 relative to shank 76 by as little as turn will result in 
significant increase or decrease of the pretension force 
of the tension coil springs 36 to opposite side of the links 
32, 34 of toggle linkage 24. Such preloading of the tog 
gle linkage 24 may be effected at the factory, or on site. 
A very fine pitch permits for a rotation of one section 
of the solid, rigid metal toggle link 34 section relative to 
the other an increase or decrease axial length change of 
0.005 of an inch. Such provides relatively, an infinitely 
fine adjustment of the preloaded, pretensioned coil 
springs 36. There is no need to change coil springs to 
accommodate large variations in gas pressure for a typi 
cal gas pressure powered liquid pump whose driving 
gas pressure may be typically steam at 100 pounds, 150 
pounds, 200 pounds, etc. Such toggle link 34 permits 
ready adjustment of the toggle linkage 24 to meet the 
density and buoyancy forces of various liquids accumu 
lating within a pump pressure vessel or similar appara 
tuS. 
While the invention has been illustrated in terms of a 

preferred embodiment, it should be understood, that 
various changes in form and proportion may be resorted 
to within the scope of the appended claims and the 
claims are not limited to the example described in detail 
herein. 
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8 
What is claimed is: 
1. An over-center toggle linkage mechanism compris 

ing: 
a fixed support, 
first and second rigid material toggle links having 

opposite axial ends, 
means for pivotably coupling said links together at 
one end for rotation about a second pivot axis at 
right angles to axes of said links, 

means for coupling one of said links to an end use 
device, 

means pivoting the other end of said first link to said 
fixed support for pivoting about a first axis, parallel 
to said second axis, 

means operatively pivotably coupling the other end 
of said second link to a float for pivoting about a 
third axis, parallel to said first and second axes with 
free movement of said other end of said second link 
relative to said fixed support and forming with said 
first rigid material toggle link, an over-center tog 
gle linkage, 

at least one tension coil spring having opposite ends, 
means for coupling one end of said at least one ten 

sion coil spring to said fixed support at said first 
pivot axis and the other end of said tension coil 
spring to said second rigid metal toggle link at said 
third pivot axis, 

stops operatively coupled to said fixed support for 
limiting pivoting of said over-center toggle linkage 
about said second pivot axis between opposite 
oblique toggle linkage over-center positions, and 

means for adjusting the axial length of one of said 
rigid material toggle links to preload said at least 
one tension coil spring at a predetermined tension 
force of a magnitude capable of maintaining the 
preload tension within said at least one tension coil 
spring on said toggle linkage over a full range of 
movement of said toggle linkage between oppo 
sitely oblique over-center positions with respect to 
a center line extending through said first and third 
pivot axes, and 

means for activating said end of said other toggle link 
to cause said toggle linkage to move over-center 
with respect to said center line to cause a shift in 
position of said end use device while maintaining a 
coil spring tension biasing force on said means for 
activating during over-center movement of said 
toggle linkage between said oppositely oblique 
over-center positions such that both toggle links 
instantly snap over into said oppositely oblique 
over-center positions. 

2. The mechanism of claim 1 wherein said second 
rigid material link comprises two longitudinally sepa 
rate axial sections, and means for interconnecting said 
sections and for adjusting the distance of one section 
longitudinally with respect to the other section. 

3. The mechanism as claimed in claim 2, wherein one 
of said sections includes a tapped bore, and the other of 
Said sections includes a cylindrical shank having a 
threaded end threaded into said tapped bore. 

4. The mechanism as claimed in claim 1, wherein said 
first link is the link which is remote from the third pivot 
axis. 

5. The mechanism as claimed in claim 3, wherein said 
rigid material link sections are of cylindrical form, said 
first section includes an axial bore within an end of the 
section facing the other section, and wherein said other 
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section includes a reduced diameter shank of a diameter 
sized to that of said bore. 

6. The mechanism as claimed in claim 5, wherein said 
threaded shank and said tapped bore have matching 
threads of a fine pitch wherein, rotation of said one 
section about the other over approximately 180 degrees, 
causes a change in axial length of said one link in the 
amount of 0.005 of an inch. 

7. The mechanism as claimed in claim 5, wherein the 
adjustable length link comprises cylindrical heads at 
opposite ends thereof, and said cylindrical heads includ 
ing end faces thereof facing away from each other, 
transverse slots within said end faces pass through the 
axis of the adjustable length link, for receiving pivot 
pins whose axes are transverse to the axis of the adjust 
able length link, and which define, the second and third 
pivotaxes of said over-center toggle linkage valve actu 
ating mechanism. 

8. The mechanism as claimed in claim 1, wherein an 
actuator stem is pivotably mounted to said one link for 
pivoting about an axis perpendicular to said one link and 
extending outwardly of said one link and constituting 
said means for coupling to an end use device. 

9. The mechanism as claimed in claim 8, wherein said 
one link is said first link having an end thereof pivotably 
mounted to said fixed support for pivoting about said 
first axis. 

10. The mechanism as claimed in claim 1, wherein 
said fixed support comprises a fixed frame having later 
ally opposed, spaced sidewalls, said first and second 
links are sized to fit between said sidewalls, said means 
for pivoting the other end of said first link comprises 
said sidewalls including a first pair of aligned holes 
proximate to one side of said sidewalls, a first pivot pin 
is rotatably mounted within said aligned first holes and 
being sized slightly smaller than the diameter of said 
holes and having axial ends projecting outwardly from 
opposite sidewalls and passing through said aligned 
holes and extending beyond the opposite sidewalls, said 
first toggle link having a transverse hole passing there 
through and rotatably receiving an end of said first 
pivot pin, said sidewalls further including a pair of 
aligned large diameter holes, said means for pivotably 
coupling said links comprising a second pivot pin pivot 
ably coupling said one end of said first link and one end 
of said second link and being of a length so as to extend 
through said large diameter holes within said frame 
sidewalls, said second pivot pin constituting said second 
pivot axis, said second link carrying at said other end a 
third pivot pin defining said third pivot axis, said third 
pivot pin being outside of said sidewalls and having 
ends extending longitudinally respectively beyond said 
sidewalls, and wherein said at least one tension coil 
spring comprises two tension coil springs and said 
means for pivotably coupling said tension coil springs 
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comprises pivotably coupling opposite ends of said 
tension coil springs to the respective ends of said first 
and third pins exterior of respective sidewalls and defin 
ing therebetween said center line for said over-center 
toggle linkage. 

11. The mechanism as claimed in claim 10, wherein 
cylindrical pivot heads having transverse bores passing 
therethrough receive said ends of said first and third 
pivot pins within said transverse bores and are fixably 
coupled respectively to opposite ends of said tension 
coil springs and constitute said means for pivotable of 
the opposite ends of said tension coil springs to said first 
pivot axis and said third pivot axis respectively. 

12. The mechanism as claimed in claim 10, wherein a 
float is fixably mounted to a float arm, said float arm at 
a point remote from said float is pivoted to said side 
walls for pivoting about a fourth axis at right angles to 
the axis of the float arm, and a crank arm is pivotably 
mounted at one end to said second link for pivoting 
about said third axis, and said crank arm is pivotably 
connected about a fifth axis at an opposite end thereof 
to the end of said float arm to the side of said frame 
opposite said float, such that by raising and lowering 
said float relative to said frame said toggle linkage is 
caused to move over-center in a snap action under the 
biasing force of said at least one spring. 

13. The mechanism as claimed in claim 12, wherein 
said float arm is bifurcated at the end remote from said 
float, and a pivot pin extends transversely through the 
bifurcation of said float arm and through a hole within 
said opposite end of said crank arm proximate to said 
float arm and pivotably coupling said crank arm and 
said float arm for pivoting about said fifth axis. 

14. The mechanism as claimed in claim 12, wherein 
said crank arm is bifurcated at its said one end and 
wherein, transverse holes are formed within said bifur 
cated portion of said crank arm and said third pivot pin 
is rotatably mounted within said bifurcations and passes 
through the other end of said second link. 

15. The mechanism as claimed in claim 14, wherein 
said second end of said other link comprises a transverse 
slot, and said third pin is fitted within said slot and forms 
a pivot connection between the third pin and the trans 
verse slot within the second end of said second link. 

16. The mechanism as claimed in claim 12, wherein 
said float is at a distance from said fourth pivot axis is in 
excess of the distance between the fourth pivot axis and 
the fifth pivot axis such that said float arm and said 
crank arm constitute a force amplification mechanism 
for amplifying a force generated by flotation of said 
float and acting on said over-center toggle linkage. 

17. The mechanism as claimed in claim 1, wherein 
said first and second links are rigid metal links. 
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