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United States Patent Office 
1. 

2,702,052 
THROTTLING SNAP-ACTION WALVE 

Richard D. Grayson, La Canada, Calif., assignor to Gene 
eral Controls Co., Glendale, Calif., a corporation, is 
California 

Application November 23, 1953, Serial No. 393,788 
10 Claims. (Cl. 137-630.22) 

This invention relates to valve structures of the type 
which employs over-center snap-action means for oper 
ating the valve and means movable gradually in response 
to variation of a controlling condition, such as pressure or temperature, for actuating the snap-action means. 

In the operation of conventional snap-action means 
from one to the other of its snapped positions there is 
considerable preliminary movement of the means be 
fore dead-center position is reached, which movement normally serves no useful purpose. It is an object of 
this invention to take advantage of one phase of this 
preliminary movement of the snap-action means and 
to apply it to the valve so as to effect gradual throttling 
of the flow. o 
Another object of this invention is to provide a valve 

structure, of the character described and incorporating 
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the feature described in the preceding paragraph, which 
comprises a main valve and a supplemental valve oper. ated in sequence by the snap-action means and arranged 
so that both of the valves are snapped substantially simul 
taneously from closed to fully-open position, while, in 
subsequent closing operation of the valves, the main 
valve is closed gradually and the supplemental valve is 
maintained fully-open until it is snapped to closed posi 
tion when the snap-action means passes over-center. 
A valve structure as described in the preceding par 

agraph has particular utility for controlling, flow of fuel 
gas to a main burner. The supplemental valve then 
serves, when the main valve is closed, to supply gas 
at an adjusted constant rate sufficient only for low-fire operation of the particular burner, and normally snaps 
closed only if the weather is so mild that the heat pro 
duced by the low-fire is in excess of that required. The 
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full flow of gas passing to the burner through both of . 
the valves when they are initially Snapped open ensures 
proper ignition. By providing a separate valve for low 
fire operation of the burner, the main valve can bear ranged to operate between fully-open and closed position, 
so that the maximum possible range of modulation or 
throttling is achieved. 

For full understanding of the invention, and further 
appreciation of its features and advantages, reference 
is to be had to the following detailed description and accompanying drawing, and to the appended claims. 

In the drawing: 
Figure. 1 is a more-or-less diagrammatic showing, in 

section, of a valve structure embodying this invention; 
Figures 2 and 3 are views of the upper part of the 

valve structure of Fig.1 showing the parts in different 
positions assumed in operation; and 

Figure 4 is a view, similar to that of Fig. 3, showing 
a modified valve structure according to the invention. Referring first more particularly to Fig. 1 of the draw 
ing, the numeral 11 indicates a valve casing having an 
iniet 12 which leads to a shallow cylindrical chamber 
13 defined at its top by a screw cap 14. In the bottom 
of chamber 13 is a cylindrical port 15 which is con: 
nected by a branch opening 16 with the outlet 17 of 
the casing. Raised around the upper end of port.15 
is an annular valve seat 18 upon which a generally disk 
like main closure 19 normally rests. In the upper part 
of closure 19 is a recess 20 and fitting tightly in the 
top of this recess is a centrally apertured disk 21, re 
cess 20 being in continuous communication with the 
inlet chamber 13 by way of a lateral opening 22 in clo 
sure 19. Raised from the bottom wall of recess 20 is an annular seat 23 upon which a disk-like supplemental 
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closure 24 normally rests. The main closure 19 is biased 
to seated position by the force of a spring 25 compressed 
between disk 21 and the cap 14, the supplemental clo 
sure 24 likewise being biased to seated position by the 
force of a relatively weak spring 26 compressed between 
it and the cap and extending through the central aper 
ture in disk 2. 

Slidable in a central opening through the bottom wall 
of recess 20 is a hollow cylindrical driving member 27 
which is guided in the neck of a funnel-like inward ex 
tension 28 of the casing, which extension separates the 
upper and lower interior parts of the casing. In the 
hollow cylindrical part of the casing below extension 28 
are conventional over-center snap-action means for op 
erating member 27. These means comprise a dished 
snap-disk 29 and a pusher member 30 having an an 
nular knife-edged projection 31 engaging the underside 
of the snap-disk immediately adjacent its periphery and 
forcing the top surface of the disk against an annular 
knife-edged projection 32 provided around the base of 
extension 28, and engaging the disk on a circle concen 
tric with but smaller than that defined by projection 31. 
In Fig. 1 the pusher member 30 is shown in upwardly 
moved position and disk 29 snapped to corresponding 
shape, the normal or unstressed shape of the disk being 
that shown in Fig. 2. A screw 33 threaded in the closed 
bottom of driving member 27 provides an adjustable con 
nection between the member and disk 29. 

For actuating the snap-action means, means of the 
type adapted to move gradually in response to variation 
of a controlling condition, such as temperature or pres 
sure, are provided. The particular means shown here 
in by way of example comprise an expansible-contractible 
bellows member 34 and a remote thermal bulb 35 which 
are interconnected by a capillary tube 36 (extending 
through a slot 37 in the side of the casing) and charged 
with the usual expansible fluid. The top end of the 
bellows member fits in a shallow recess in the underside 
of a plunger 38 slidable within the cylindrical lower 
part of the casing and sealed at its periphery by an O 
ring 39. The bellows member is supported at its bot 
tom by a screw 40 threaded in an opening through a 
screw cap 41 covering the bottom of the casing, a knob 
42 being provided for adjusting the screw in accordance 
with the desired setting of the bellows system. On the 
top of plunger 38 is a conical projection 43 engageable 
with the pusher member 30 of the snap-action means. 
The operation of the valve structure shown in Figs. 

1-3 will be described in connection with the control of 
supply of fuel gas to a main burner indicated in Fig. 1 
by numeral 44 and for the igniting of which a continu 
ously burning pilot burner 45 is provided, it being as 
Sumed that the thermal bulb 35 is then arranged to re 
spond to the temperature of a space heated by the main burner. 

In Fig. 1 the parts are shown in the positions assumed 
when the requirement for heating is satisfied, so that the 
bellows 34 is expanded and snap-disk 29 so flexed that 
the driving member 27 is in a fallen position and the tip 
of this member spaced by a considerable distance from 
the supplemental closure 24. Both the supplemental 
closure and the main closure 19 are therefore seated 
under the force of springs 26 and 25 so that flow from 
the inlet chamber 13 is completely obstructed. 

In response to fall of space temperature bellows 34 
contracts and in so doing permits flattening of the snap 
disk under its own resilience so that the driving mem 
ber 27 is moved gradually upwards. The arrangement 
is such that this member is free from engagement with 
supplemental closure 24 until the snap-disk is forced be 
yond its dead-center or flat position and consequently 
moves suddenly past-center to assume its alternate dished 
shape as shown in Fig. 2. In the corresponding sudden 
upward movement of the driving member and the sup 
plemental closure the latter engages a disk 21 (fixed to 
the main closure 19) and by continued movement forces 
the main closure away from its seat. The parts are then 
in the positions shown in Fig. 2 wherein, as indicated by 
the arrows in that figure, gas can flow to the main burner 
from inlet chamber 13, not only past the main valve seat 
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18, but also in a supplemental path: through the open 
ing 22, past the supplemental valve seat 23, through open 
ings 46 and 47 in the hollow driving member, openings 
48 in disk 29 and openings 49 in pusher member 30 to 
the space below that member, and thence by way of open 
ings 50 and 51 in the casing to outlet 17. The gas now flow: 
ing in large amount to the main burner is readily ignited 
by the pilot burner, and a high-fire condition is established. 
When, because of the high fire, the space temperature 

then rises, bellows 34 expands causing the center of the 
snap disk to fall so that, under the force of springs 25 
and 26, the driving member and the closure assembly 
move downwards and the space between the main clo 
sure and its seat 18 is gradually reduced so that flow 
to the main burner is throttled. When, by this move 
ment, the main closure finally engages its seat, flow 
through the casing is restricted to the supplemental path 
described in the preceding paragraph, the parts then being 
in the positions shown in Fig. 3. The rate of this flow can 
be adjusted by manipulation of a flow restrictor 52, pro 
vided in opening 50 and accessible at the exterior of 
the casing, to determine the low-fire setting suitable for 
the particular main burner employed. It will be observed 
that when the main closure seats, the Snap disk is close to, 
but still above, its dead-center or flat position. 

In operation of the system while the weather is rela 
tively cold, the main closure normally remains within its throttling range, moving gradually in either direction be 
tween fully-open and closed position in accordance with 
the heating requirements of the space. The supple 
mental path for restricted flow of gas sufficient only for 
minimum low-fire operation of the burner permits such 
full-range operation of the main valve. 
When, however, the weather is mild and even the small 

amount of heat produced by the low fire is in excess 
of requirements, continued rise of Space temperature 
effects such movement of the snap disk that it finally 
reaches dead-center position and then snaps past-center to 
the position shown in Fig. 1 wherein flow to the main 
burner is completely obstructed. 

In this movement of the snap disk toward dead-center 
(from the position of Fig. 3) the supplemental closure 24 
moves slightly downwards toward its seat under the force 
of spring 26. However, the screw 33 at the bottom of 
the driving member is adjusted so that until the supple 
mental valve finally snaps closed its flow capacity is still 
considerably in excess of the flow capacity of the restricted 
opening 50 because of the large diameter of the supple 
mental seat 23. 
When, in its throttling movements, the main closure 

seats, the force of spring 25 is relieved so that, espe 
cially since spring 26 is relatively weak, there is then 
considerably less force acting downwardly on the snap 
disk and the bellows. It has been found that because 
of this reduction of force the space temperature must then 
rise proportionately higher before the snap action occurs, 
so that there is less frequent shut-off of the main burner. 
The simplified form of the invention shown in Fig. 4 

(and wherein the parts are in the same operative positions 
as in Fig. 3) differs materially from that of Figs. 1-3 
only in that the driving member, instead of being hollow, 
is a solid rod 60, and a fixed resistor 61, threaded in an 
opening through the main closure 19, is provided for the 
supplemental flow through the casing as indicated by the 
arrows. The operation of the valve structure of Fig. 4 
is obviously the same as that described above in connection 
with the structure of Figs. 1-3. To change the rate of sup 
plemental flow, the restrictor 61 is removed and another 
restrictor of suitable flow-capacity substituted. 
The specific embodiments of my invention herein shown 

and described are obviously susceptible of modification 
without departing from the spirit of the invention, and 
I intend therefore to be limited only by the scope of the 
appended claims. 

I claim as my invention: 
1. In a valve structure: a main valve and a supple 

mental valve; a connection for operating said valves insuch 
sequence that the supplemental valve opens before the 
main valve opens and subsequently closes after the main 
valve closes; over-center snap-action means for operat 
ing said connection; means for applying force to said snap 
action means so as to effect gradual movement of the 
same toward its dead-center position in alternate direc 
tions; and lost-motion means in said connection arranged 
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4. 
taneously from closed to full-open position; said connection 
being such that subsequent closing operation of the valves 
effects, before the snap-action means reaches dead-center 
position, gradual closing of the main valve and mainte 
nance of the supplemental valve in substantially full-oper 
position until the snap-action means reaches dead-center. 

2. In a valve strilrture: a casing having a main passage 
and a restricted pausage for flow through the casing to a 
common outlet; a main valve and a supplemental valve 
for controlling flow through said main passage and said 
restricted passage, respectively; means, including over 
center snap-action means, for operating both of said 
valves; and mcans movable gradually in response to vari 
ation of a controlling condition for actuating said operat 
ing means; said operating means being adapted to effect, 
when actuated in response to variation of said condition 
in one sense, snap-action operation of both of the valves 
directly from closed to fully-open position, and, upon 
subsequent variation of the condition in the opposite sense 
and before said snap-action means reaches dead-center 
position, gradual closing of said main valve to throttle 
flow through said main passage, and, with continued vari 
ation of the condition in said opposite sense after the main 
valve is fully closed, snap-action closing of the supple 
mental valve when the snap-action means passes over 
center; the flow capacity of the supplemental valve prior to 
its snap-action closing being greater than that of said re 
stricted passage. 

3. In a valve structure: a casing having a main passage 
and a restricted passage for flow through the casing to 
a common outlet; a main valve and a supplemental valve 
for controlling flow through said main passage and said 
restricted passage, respectively; over-center snap-action 
means; means movable gradually in response to variation 
of a controlling condition for actuating said snap-action 
means; and a connection for transmitting movements of 
the snap-action means to said valves so that snap-action 
operation of both of the valves directly from closed to 
fully-open position is effected when the snap-action means 
snaps over-center with variation of said condition in one 
sense; said connection being arranged to effect such se 
quential operation of the valves that upon subsequent vari 
ation of the condition in the opposite sense, and before the 
snap-action means reaches dead-center position, the main 
valve is operated gradually toward closed position to 
throttle flow through said main passage, and only upon 
continued variation of the condition in said opposite sense 
after the main valve is fully closed does snap-action clos 
ing of the supplemental valve occur when the snap-action 
means again passes over-center; the flow capacity of the 
supplemental valve prior to its snap-action closing being 
greater than that of said restricted passage. 

4. In a valve structure: a casing having a main pas 
sage and a restricted passage for flow through the cas 
ing to a common outlet; a main valve and a supplemental 
valve for controlling flow through said main passage and 
said restricted passage, respectively; means biasing both 
of said valves to closed position; over-center snap-action 
means; means movable gradually in response to variation 
of a controlling condition for actuating said snap-action 
means; means for transmitting movement of the snap 
action means to said supplemental valve so that when the 
snap-action means snaps over-center with variation of 
said condition in one sense the supplemental valve is 
moved suddenly from closed to fully-open position; and 
a lost-motion connection between the supplement valve 
and the main valve such that continued movement of the 
supplemental valve from said fully-open position under 
the force of the snap-action means effects opening of 
the main valve; said movement-transmitting means being 
arranged to effect, upon subsequent variation of said con 
dition in the opposite sense and before the snap-action 
means reaches dead-center position, gradual closing of 
the main valve under the force of its bias while the sup 
plemental valve is still fully open, and, with continued 
variation of the condition in said opposite sense, sudden 
movement of the supplemental valve under the force of 
its bias from substantially fully-open to closed position 
when the snap-action means again passes over-center. 

5. In a valve structure: a valve casing having a main 
passage and a restricted passage for flow through the 
casing to a common outlet; a valve seat in said main 
passage; a main closure mounted for movement normal 

sn that both of said valves are snapped substantially simul- 85 to said seat out of and into engagement with the seat to 



5 
control flow through the main passage, and biased to seated position; said main closure having an opening 
therethrough forming, at least in part, said restricted 
passage; a supplemental closure controlling flow through 
said opening and biased to closed position; over-center 
snap-action means; means movable gradually in response 
to variation of a controlling condition for actuating said 
snap-action means; means for transmitting movement of 
the snap-action means to said supplemental closure so that 
when the snap-action means snaps over-center with vari 
ation of said condition in one sense the supplemental 
closure is moved suddenly from closed to fully-open posi 
tion; and a lost-motion connection between the supple 
mental closure and the main closure such that continued 
movement of the supplemental closure under the force of 
the snap-action means effects full-opening of the main 
closure; said movement-transmitting means being arranged 
to effect, upon subsequent variation of said condition in 
the opposite sense, and before the snap-action means 
reaches dead-center position, gradual seating of the main 
closure under the force of its bias while the supplemental 
closure is still fully open, and, with continued variation 
of the condition in said opposite sense, sudden movement 
of the supplemental closure under the force of its bias 
from substantially fully-open to closed position when the 
snap-action means again passes over-center. 

6. In a valve structure: a casing having a passage 
therethrough provided with a valve seat; a main closure 
mounted for movement normal to said seat out of and 
into engagement with the seat to control flow to the out 
let of the casing, and biased to seated position; said main 
closure having an opening through which fluid can pass 
through the casing to said outlet when the main closure 
is seated; a supplemental closure mounted for movement 
out of and into seating engagement with the main closure 
to control flow through said opening, and biased to seated 
position; a first lost-motion connection, between said 
closures, arranged so that continued movement of the 
supplemental closure after it is moved to open position 
effects movement of the main closure to open position; 
over-center snap-action means; means, including a second 
lost-motion connection, for transmitting movement of 
said snap-action means to the supplemental- closure; and 
means movable gradually in response to variation of a 
controlling condition for actuating said snap-action 
means; said second lost-motion connection being arranged 
so that upon variation of said condition in one sense both 
of the closures are moved suddenly by the snap-action 
means from seated to fully-open position; said movement 
transmitting means being arranged to effect, upon sub 
sequent variation of the condition in the opposite sense 
and before the snap-action means reaches dead-center 
position, gradual seating of the main closure under the 
force of its bias while the supplemental closure is still 
fully open, and, with continued variation of the condition 
in said opposite sense, maintenance of the supplemental 
closure in substantially fully-open position until the snap 
action means again passes over-center and thereby effects 
snap-action closing of the supplemental closure. 

7. In a valve structure: a casing having a passage 
therethrough provided with a valve seat; a disk-like main 
closure movable out of and into engagement with said 
seat to control flow to the outlet of the casing; a main 
spring biasing the main closure to seated position; the 
main closure having an opening therethrough communi 
cating with said outlet when the main closure is seated; 
a disk-like supplemental closure at the side of the main 
closure away from said seat and movable out of and into 
engagement with the main closure to uncover and cover 
said opening; a supplemental spring biasing the supple 
mental closure to seated position; an elongated driving 
member having an end portion projectable through said 
opening into operative engagement with the supplemental 
closure; a lost-motion connection between the closures 
arranged so that movement of the supplemental closure 
in a direction away from its seat effects subsequent un 
seating movement of the main closure; over-center snap 
action means for operating said driving member; and 
means movable gradually in response to variation of a 
controlling condition for actuating said snap-action 
means; said driving member being of such length that 
when operated by the snap-action means in a direction 
toward the supplemental closure it is out of engagement 
with the supplemental closure until the snap-action means 
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passes over-center; the amount of past-center movement 
of the snap-action means being sufficient to then effect 
sudden movement of both closures to fully-open posi 
tion, and, upon subsequent movement of the snap-action 
means in the opposite direction, gradual movement of 
the main closure to seated position and then sudden 
release of the supplemental closure, while the same is in 
substantially fully-open position, when the snap-action 
means again passes over-center. 

8. In a valve structure: a casing having a main pas 
sage therethrough provided with a valve seat; a disk 
like main closure movable out of and into engagement 
with said seat to control flow to the outlet of the 
casing; a main spring biasing the main closure to seated 
position; a disk-like supplemental closure at the side of 
the main closure away from said seat and movable out 
of and into seating engagement with the main closure 
centrally thereof; a supplemental spring biasing the sup 
plemental closure to seated position; the main closure 
having a central opening therethrough; an elongated 
driving member in said opening and slidably fitting the 
same, said member having an end portion operatively en 
gageable with the supplemental closure; said member 
being hollow so that fluid can enter it when the supple 
mental closure is in open position; means defining a sup 
plemental passage, separate from said main passage, in 
terconnecting the hollow of the member and said outlet; 
a lost-motion connection between the closures arranged 
so that movement of the supplemental closure in a di 
rection away from its seat effects subsequent unseating 
movement of the main closure; over-center snap-action 
means for operating said driving member; and means 
movable gradually, in response to variation of a control 
ling condition for actuating said snap-action means; the 
member being of such length that when operated by the 
Snap-action means in a direction toward the supplemental 
closure it is out of engagement with the same until the 
Snap-action means passes over-center; the amount of 
past-center movement of the snap-action means being 
sufficient to then effect sudden movement of both clo 
sures to fully-open position, and, upon subsequent move 
ment of the snap-action means in the opposite direction, 
gradual movement of the main closure to seated position 
and then sudden release of the supplemental closure, 
while the same is in substantially fully-open position, 
when the snap-action means again passes over-center. 

9. A valve structure according to claim 8, and in 
cluding an adjustable flow-restrictor in said supplemental 
passage and accessible at the exterior of the casing. 

10. In a valve structure: a casing having a passage 
therethrough provided with a valve seat; a disk-like main 
closure movable out of and into engagement with said 
seat to control flow to the outlet of the casing; a main 
spring biasing the main closure to seated position; the 
main closure having a restricted opening therethrough 
communicating with said outlet when the main closure is 
seated; a disk-like supplemental closure at the side of 
the main closure away from said seat and movable out 
of and into engagement with the main closure to con 
trol flow through said restricted opening; a supplemental 
spring biasing the supplemental closure to seated posi 
tion; the main closure having also a central opening 
therethrough; an elongated driving member in said central 
opening and slidably fitting the same, said member hav 
ing an end portion operatively engageable with the sup 
plemental closure; a lost-motion connection between 
the closures arranged so that movement of the supple 
mental closure in a direction away from its seat effects 
subsequent unseating movement of the main closure; 
over-center Snap-action means for operating said driving 
member; and means movable gradually in response to 
variation of a controlling condition for actuating said 
snap-action means; the member being of such length that 
when operated in a direction toward the supplemental 
closure it is out of engagement with the same until the 
snap-action means passes over-center; the amount of 
past-center movement of the snap-action means being 
sufficient to then effect sudden movement of the closures 
to fully-open position, and, upon subsequent movement of 
the Snap-action means in the opposite direction, gradual 
movement of the main closure to seated position and 
sudden release of the supplemental closure while the 
same is in substantially fully-open position. 

No references cited, 


