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My present invention relates to valve structures, and 
more particularly to those of the type, which are oper 
ated by fluid pressure under the control of a control valve. 
The valve structure of this invention, while not so 

limited, has particular utility in connection with the supply 
of gaseous fuel to a furnace burner. 

It is well known that initial supply of gas to a burner 
should be at a rate sufficient to avoid backfiring of the 
gas inside the burner, and consequent damage to the 
burner caused by formation of carbon inside it. 

However, when the burner is inside a furnace, supply 
of gas to the burner at high rate should be delayed to 
avoid the possibility of explosive “roll-back” of the fire 
inside the furnace which otherwise may occur, especially 
if the furnace stack is cold and sufficient draft has not 
been established. One of the detrimental effects of this 
roll-back of the fire is possible extinguishment of pilot 
burners. 

In view of the foregoing it is an object of this inven 
tion to provide a valve, operated by fluid pressure under 
the control of a control valve, through which fluid can 
flow at a relatively high (but adjustable) rate immediately 
upon actuation of the control valve, and later at progres 
sively higher rate until the maximum rate of flow is 
achieved. 

I accomplish the foregoing object by arranging so that 
the pressure operated valve opens only gradually upon 
actuation of the control valve, and by providing a supple 
mental passage interconnecting the inlet and outlet of 
the valve structure, and a supplemental valve in that pas 
sage actuated to open position concurrently with said actu 
ation of the control valve. 
Another object of the invention is to arrange the supple 

mental passage so that it is entirely inside the main valve 
structure. I accomplish this object by providing the 
supplemental passage in the form of a valve port directly 
through the partition which separates the inlet and out 
let chambers of the main valve-casing. 
A feature of this invention is arrangement of the cham 

ber-partition so that the portion of it through which the 
supplemental port extends is adjacent and parallel to a 
wall of the valve casing on the outside of which the con 
trol valve is mounted, and the provision of an opening 
through this wall for an operative connection between the 
control valve and a closure for the supplemental port. 

Another feature is the provision of a control valve 
which comprises a closure cooperable with the casing-wall 
opening described in the preceding paragraph. 
Another feature is the provision of an additional valve 

for controlling operation of the pressure-operated main 
valve independently of the control valve, and adapted 
to effect closing of the main valve while said supplemental 
port is open under the control of the control valve. 

Another object of the present invention is to provide 
an improved valve construction which allows its use in a 
new system, also embodying features of the present in 
vention, in which the venting of a pressure-responsive 
valve is controlled in a novel manner. 

Another object of the present invention is to provide 
an improved pressure-responsive valve construction of 
this character having an auxiliary port through which 
fluid may flow during the time that the main diaphragm 
controlled port is being opened at a controlled rate. 
Another object of the present invention is to provide 
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an improved valve construction, as indicated in the preced 
ing paragraph, in which the auxiliary port may also serve, 
in the operation of some systems, as a means for main 
taining a "low fire' condition while the main port re 
means closed. 
Another object of the present invention is to provide 

a valve construction as indicated in the preceding para 
graph wherein one of such systems, in accordance with 
other novel aspects of the present invention, has two 
condition-responsive means one of which, in general, con 
trols said auxiliary port and the other one of which, in 
general, controls the venting of the valve for purposes 
of controlling the diaphragm controlled port and also 
in some cases both the auxiliary and main ports to 
close the same when unsafe conditions are apt to occur. 
Another object of the present invention is to provide 

an improved heating system. 
The features of the present invention which are believed 

to be novel are set forth with particularity in the appended 
claims. This invention itself, both as to its organiza 
tion and manner of operation, together with further ob 
jects and advantages thereof, may be best understood by 
reference to the following description taken in connection 
with the accompanying drawings in which: 
FIGURE 1 is a plan of a valve structure embodying 

this invention; 
FIGURE 2 is a vertical section, to enlarged scale, taken 

along the line 2-2 of FIG. 1; 
FIGURE 3 is another vertical section, to a scale some 

what smaller than that of FIG. 2, taken along the irregu 
lar line 3-3 of FIG. 1; and 
FIGURE 4 is a sectional view of a modified valve 

structure embodying features of this invention; 
FIGURES 5-7 illustrate diagrammatically systems em 

bodying this invention in which the valve of FIGS. 1-3 
may be used, FIG. 5 illustrating the Off condition and 
FIGS. 6 and 7 illustrating “low fire” and “high fire” con 
ditions respectively. 

Referring now more particularly to FIGS. 1-3 of the 
drawing, the numeral 11 indicates a valve casing having 
an inlet chamber 12 and an outlet chamber 13 separated 
by a generally right-angled partition 14. In the bottom 
wall of this partition is a valve port 15 surrounded by 
an annular downwardly-faced valve seat 16. Cooperable 
with this seat is a disk-shaped closure 17 which is secured 
by a bolt 18 to the central part of a movable wall or dia 
phragm 19, of flexible material such as synthetic rubber, 
with a backing plate 20 under the diaphragm. The dia 
phragm is clamped at its margin to the open bottom of the 
casing by a cover plate 21 which is dished to provide a 
pressure, or work, chamber 22 under the diaphragm. 
Closure 17 is biased upwardly by the force of a spring 23 
compressed between plates 20 and 21. 
The valve casing has a hollow upward extension 11 

on top of which is sealingly mounted an electromagnetic 
operator generally indicated at 24. This operator is mainly 
of conventional construction and comprises a solenoid 
plunger 25 reciprocable in a guide tube 26, the plunger be 
ing generally Square in cross section as is indicated by 
the shading. Guide tube 26 is of nonmagnetic mate 
rial and is secured at its bottom, as by solder, in a central 
opening through a dished plate 27, preferably of magnetic 
material, fastened to the casing extension 11'. Around 
the guide tube 26 is an electromagnet comprising a sole 
noid coil 28 having leads 29 extending, through an open 
ing in a housing 30 surrounding the operator, to a source 
of electric energy in series with a control device or switch 
31, and a normally-closed switching device 100 whose 
function will be described later. 

Fastened to the bottom of plunger 25, by means of 
a rivet-forming extension 32 of the plunger, is a disk 33 
between which disk and plate 27 is a spring 34 biasing 
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the plunger downwardly to its normal position as shown 
in the drawing, downward movement of the plunger being 
limited by engagement of its extension 32 with the tip 
of a rod 35 whose function will be described later. Upon 
passage of current through coil 28 the plunger is attract 
ed upwardly into engagement with a stop 36 tightly clos 
ing the reduced upper end of the guide tube and surround 
ed by an internally-flanged magnetic washer 37. 
At the underside of plate 33 is a diaphragm 38, of 

flexible material such as synthetic rubber, and under 
this diaphragm at its center is a cupped disk 39, these 
parts being secured to plate 33 and to the plunger by the 
rivet-extension 32 of the plunger. The diaphragm 33 
covers the open top of the casing-extension 11’ and is 
clamped thereto at its margin by plate 27. This dia 
phragm serves as a flexible guide for the lower end of 
the plunger, and to screen the electromagnetic operator 
from fluid in the valve; there being, however, a bleed 
opening 40 in the diaphragm to avoid pressure changes in 
the space above the diaphragm when the plunger is op 
erated. 
The space or chamber 41 under diaphragm 38, which 

chamber is formed in part by an annular trough 42 in the 
upper part of casing-extension 11", is (as can be seen in 
FIG. 3) continuously in communication with the pres 
sure- or work-chamber 22 at the bottom of the valve cas 
ing by way of passages 43 in a thickened wall of plate 21, 
and an angled passage 44 in a protruding part 45. (FIG. 
1) of the casing and its upper extension, which passage 
44 leads to the bottom of trough 42. The chamber 41 is 
therefore, in effect, part of the pressure chamber 22. 

Sealingly mounted in a large opening in the top of 
the casing-extension 11, coaxial with plunger 25, is a 
screw-threaded member 50 having at its center a guide 
opening for the rod 35. In the underside of member 50 
coaxial with rod 35 is a circular cavity or opening 51 
around whose lower end is a valve seat 52; the opening 
51 communicating by way of passages 53 with the cham 
ber 41 under diaphragm 38. Secured to the lower end 
of rod 35 is a compound closure member 54 comprising 
an upwardly-faced closure disk 55 cooperable with the 
valve seat 52 to form a control valve 55, 52, and a 
downwardly-faced closure disk 56 cooperable with a valve 
seat 57 around the upper end of an opening or port 58, 
through a thickened horizontal portion of the casing 
partition 4, leading to the outlet 13 of the valve. 
A spring 59, inside opening 58 and bearing at its bot 

tom on a shoulder around the opening, urges closure mem 
ber 54 and rod 35 upwardly; the force of spring 59, how 
ever, being overcome by the weight of plunger 25 and 
the force of spring 34 acting downwardly on rod 35. 
Consequently, while the electromagnet is unenergized the 
opening 58 to the outlet 13 of the valve is closed, and 
the chambers 4 and 22 are in free communication with 
the inlet 12 of the valve by way of opening 51 and pas 
sages 53. 
As is better seen in FIG. 3, the opening 58 intersects 

a tapered cavity forming a socket for an apertured valve 
plug 60 by rotation of which the rate of flow through 
opening 58 can be adjusted; the plug-cavity extending 
to the exterior of the valve casing where it is closed by a 
screw-cap 61. A spring 62 compressed between the cap 
and the plug maintains the same seated. 

In the surface of the threaded member 50 around its 
side is a deep recess 63 which registers with a vent open 
ing 64 (FIG. 3) through the wall of the casing; the inner 
portion of opening 64 being threaded to receive an orifice 
member 65. Leading upwardly from recess 63 (see 
FIG. 2) is an opening in whose outer end a tubular seat 
member 66 is pressed. Cooperable with this seat member 
is a closure washer 67 which bears at diametrically op 
posite points near its edge on the seat member and on a 
pin 68 (FIG. 2) protruding from member 50 to the height 
of the seat member. Closure washer 67 fits freely around 
the rod 35 and is engaged (and raised fron seat member 
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66) by a collar 46 on the rod when the same is raised by 
spring 59 upon upward attraction of plunger 25; the ar 
rangement permitting slight tilting of the washer when it 
is raised so that unseating of the washer against the pres 
sure of fluid in chamber 41 is facilitated. While the elec 
tromagnet is unenergized the closure washer 67 is main 
tained seated by plunger 25 acting on it through a light 
spring 69 under the cupped disk 39, the purpose of this 
spring being to ensure proper concurrent seating of clo 
sure washer 67 and the closure disk 56. 
Seen in section in FIG. 3 (and in plan in FIG. 1) is 

an additional valve-structure, generally indicated by 
numeral 70, which for the sake of clarity is shown con 
siderably larger in proportion to the main valve structure 
than it is in actual construction. The valve structure 70 
comprises a casing 7 providing at its lower end a cham 
ber 72 which is connected by a hollow screw-fitting 73 to 
the vent opening 64 of the main structure. 

In the top wall of chamber 72 is a pair of vertical bores 
for cylindrical valve-jet members 74 and 75. The jet 
member 74 fits snugly in its bore and is stationary during 
operation of the additional valve, a screw plug 76 in 
the upper end of the bore determining the adjusted posi 
tion of this jet member. The other jet member 75 is 
reciprocable in its bore, a fluid pressure motor 77 being 
provided for its operation. 
The motor 77 comprises an inverted cup-shaped hous 

ing 78 secured by its flanged rim to the open top of casing 
71 and coaxial with jet member 75. Inside this housing 
is a corrugated tubular bellows 79, of thin metal, which 
is sealingly joined, as by solder, at its top to the margin 
of a disk 80 and at its bottom to a ring 81 welded to 
the housing. Secured to the underside of disk 80 at its 
center is a nut-like part 82 in which a screw 83 is adjust 
ably threaded, the jet member 75 being maintained in 
engagement with the head of this screw by the force of a 
spring 84 in an upper enlargement of the bore of this 
jet member. 
The inner surface of housing 78 and the outer surfaces 

of bellows 79 and disk 80 define a chamber adapted to 
be subjected, through a hollow fitting 85 in the top of 
the housing, to fluid pressure from a controlling source 
such as, for example, the pressure of steam in a boiler 
heated by fuel-gas supplied through the main-valve casing 
11. Compression of the bellows 79 under such pressure, 
and resultant downward movement of jet member 75, is 
opposed by the force of a spring 86 compressed between 
casing 71 and the bellows-head or -disk 80. 
The fixed jet member 74 has an axial opening 87 

joined at its top by a transverse opening 88 leading to a 
shallow recess 89 around the side of the jet member, 
which recess registers with a passage 90 through the left 
side of the casing; sealing rings 91 and 92 being provided 
in grooves above and below recess 89. The movable 
jet member 75 is similarly constructed and arranged and 
has an axial opening 93 communicating with another 
casing-passage 94. The passage 90 is connected by a 
pipe 95 to the inlet 12 of the main valve, and the passage 
94 leads to the atmosphere, the outer end of passage 94 
being formed for connection of a vent pipe if desired. 

Inside chamber 72, and pivoted on a pin 96 fixed to 
the casing, is an arm 97 having on its free end a flat por 
tion 98 cooperable with the bottom surfaces of jet mem 
bers 74 and 75 and biased by the force of a torsion spring 
99 toward seating engagement therewith. The arm por 
tion 98 is cooperable also with an arm 161, under it, 
which extends sealingly through the back wall of the 
casing and is there operatively connected to a normally 
closed switch. This switch is not shown structurally but 

tigated diagrammatically by numeral 60 at the top of 
Operation of the valve structure of FIGS. 1-3 will 

first be described independently of that of the additional 
valve 70 which has no effect while it remains in its un 
operated condition, as shown, since the vent opening 64 
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of the main valve structure is then in communication 
with the atmosphere through the unobstructed opening 
93 of jet member 75 and the passage 94. 
With the parts in the positions shown in FIGS. 2 and 

3, closure 55 being uneSated the pressure chamber 22 is 
in free communication with the inlet of the valve, as 
has been described, so that the fluid pressure on op 
posite sides of diaphragm 19 are substantially equal and 
the force of spring 23 is therefore effective to maintain 
seating of the main closure 7 carried by the diaphragm. 
When the solenoid operator 24 is energized the re 

Sultant upward movement of plunger 25 effects seating 
of closure 55 and uncovering of the seat member 66 so 
that communication between the pressure chamber 22 
and the inlet of the waive is obstructed and the fluid com 
pressed in this chamber escapes to the atmosphere through 
vent 64 (and the additional valve 79), the inlet pressure 
acting downwardly on the diaphragm then being effective 
to unseat the main closure. Since the closures 55 and 56 
are directly interconnected, unseating of closure 56 occurs 
concurrently with the seating of closure 55 so that fluid 
flows through the valve structure by way of the opening, 
or Supplemental port, 58 at a rate determined by the ad 
justed setting of the valve plug 60. 
Opening of the main closure 17 by the diaphragm is 

gradual because of the restricted venting of the pressure 
chamber through orifice member 65. Since the closure 
56 is opened to full extent substantially instantaneously 
upon energization of the electromagnet, the initial flow 
through the valve structure is by way of the Supplemental 
port 58 only; full flow through the main port 15 occur 
ring only after a period determined by the flow capacity 
of the particular orifice member 65 selected. 
When the electromagnet is deemergized to shut-off the 

flow, the supplemental port 58 is closed immediately by 
closure 56, and the main port 5 is closed quickly be 
cause of the large flow-capacity of openings 51, 53 
through which fluid from the inlet passes to the pressure 
chamber 22 to effect equalization of the pressures on op 
posite sides of the diaphragm and consequent seating of 
the main closure. 
The operation of the valve structure as described has 

particular adyanatge in connection with supply of fuel 
gas to a furnace burner. Initial flow of gas through the 
Supplemental port serves to establish immediately a pre 
determined low-fire condition of the burner, thus avoiding 
the possibility of backfiring in the burner as might occur 
if the initial supply of gas were at low rate. Further, 
the retarded opening of the main port prevents the pos 
sibility of roll-back of the fire in the furnace as might 
occur if the initial Supply of gas were at high rate. Also, 
the quick shut-off of the gas when the electromagnet 
is deemergized again prevents backfiring in the burner. 
While three valves comprising valve 56, 57, valve 55, 

52 and valve 66, 67, as shown, for controlling the opera 
tion of the main-valve pressure motor is preferred, the 
vent-valve 65, 67 could be eliminated and a restricted 
opening for bleeding the pressure chamber to atmosphere 
substituted; the bleed gas, which then flows continuously 
through the pressure chamber while the pilot-valve closure 
55 is open and the main flow to the burner is obstructed, 
conveniently being employed for supplying a pilot burner 
for the main burner. For purposes of definition, the 
valve 55, 52 is referred to herein as a control valve 
since it controls the flow of fluid from the inlet cham 
ber 2 to the underside of diaphragm 19. 

In connection with the foregoing description of the 
operation of the valve structure (disregarding the ad 
ditional valve 75) it may be assumed that energization 
of the electromagnet is under the control of a thormostat, 
indicated at 3 in FIG. 2, responsive to the temperature 
of a space heated by the furnace. 

Operation of the valve structure may be modified by 
employing the pressure-operated additional valve 70, de 
tails of which are shown only in FIG. 3. This valve may 
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6 
be employed, for example, in connection with a heat 
ing system which includes a boiler heated by the gas 
furnace referred to above, the valve 70 then being con 
nected by fitting 85 to the boiler so that the space above 
and around the outside of bellows 79 is subjected to the 
pressure of steam in the boiler. When the steam pres 
sure is low the jet member 75 operated by the bellows 
is in its raised position so that chamber 72 of valve 70 
is in free communication with the atmosphere and the 
operation of the system is as was described above. 
With rise of steam pressure the jet member is forced 

downwardly so that its tip engages the closure portion 
98 of pivoted arm 97, communication of chamber 72 with 
the atmosphere by way of the jet-passage 93 then being 
obstructed. Slight continued downward movement of 
jet member 75 effects rocking of arm 97, 98 out of seat 
ing engagement with the tip of the fixed jet member 74 
so that the chamber 72 is placed in communication with 
the inlet 12 of the main valve structure by Way of open 
ings 37 90 and the pipe 95. Because of the high steam 
pressure in the boiler it may be assumed that the main 
waive is then open and supplying fuel to the burner. 
The pilot valve is therefore in actuated condition so that 
the seat member 66 is uncovered and, through this seat 
member and the chamber-part 4, the main pressure 
chamber 22 is in communication with the inlet of the 
main valve by way of chamber 72 of the additional valve 
78. As the pressure fluid from inlet 12 passes, by way 
of the opening 87 of jet member 74, slowly through the 
orifice member 65 to chamber 22, the diaphragm 19 rises 
and effects seating of the main closure 17. Flow of gas 
to the burner is then only by way of the supplemental 
port 58, and a low-fire condition of the burner is es 
tablished. 

If, due to the reduced heating of the boiler, the steam 
pressure then falls, the jet member 75 rises generally 
to the position shown in the drawing to permit venting 
of chamber 22 (assuming that the electromagnet is still 
energized and seat member 66 uncovered) and reopening 
of the main valve. Operation of the main valve between 
low-fire and high-fire producing conditions is thus achieved 
by means of the additional valve 70. 

In the event of establishment of excessive pressure in 
the boiler, the resultant farther-downward movement of 
jet 75 causes the arm 97, 98 to rock into engagement 
with the arm 16 of the normally-closed switch 100 and 
actuate the same to open position, so that the electro 
magnet 24 is deemergized and supply of gas to the burner 
is fully obstructed. 

It is apparent that the additional valve 70 could be 
arranged to respond to variation of temperature by pro 
viding a thermal-expansion fluid-pressure system for op 
erating the bellows. 

In the simpler form of valve structure shown in FIG. 
4 the numeral 11 indicates a valve casing having an 
inlet 12 and an outlet 13 separated by a right-angled 
partition 114. In the top wall of this partition is a valve 
port 15 surrounded by an annular valve seat 116 with 
which a disk-shaped closure i7 cooperates. This closure 
is secured by a bolt 18 to the central part of a flexible 
diaphragm 119 with a plate 120 above the diaphragm, 
the weight of this plate biasing the closure to seated 
position. The diaphragm 119 is clamped at its margin 
to the open top of the casing by a hollow structure 121 
mounted on the casing and forming a pressure- or work 
chamber 22 above the diaphragm, the open top of struc 
ture 12 being closed by an electromagnetic operator 
i24 which may be identical with the operator 24 shown 
in detail in FIG. 2 and comprises a solenoid plunger 125. 
The hollow structure 12 has, near its top, an integral 

transverse portion or wall 139. In the underside of a 
thickened central part of this wall, coaxial with the 
plunger 25, is a circular cavity 131 which is closed at 
its bottom by a screw-plug 132. Through wall 130, at 
the center of cavity 31, is a guide opening for a rod 
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133 which carries on its lower end a closure 134, coop 
erable with a seat 35 formed around a shallow circular 
recess i36 at the top of cavity 31, this recess communi 
cating with the space 137 above wall 130 by way of pas 
sages 138. While the electromagnet is unenergized and 
plunger 125 is in its downwardly-biased position the tip 
of rod 133 is engaged by the plunger so that closure 134 
is maintained in unseated position against the force of 
a bias spring 139 compressed between this closure and 
plug 132. 
The cavity 13 communicates continuously with the 

inlet 12 of the valve through passages 140 and 14; in a 
thickened portion of the outer wall of structure 121 and 
through passages 142 and 43 in the casing 111. Also, 
the space 137 above wall 130 communicates continuously, 
by Way of an opening 144 through this wall, with the 
Work chamber 122 above diaphragm is 9. Consequently, 
while closure 134 is unseated the diaphragm is subjected 
on both sides to the pressure of fluid in the inlet 112 and 
the main closure 117 is maintained seated by the weight 
of plate 120. 

For venting the work chamber to atmosphere there is 
in the top surface of wall 130 a short vertical opening, 
in which a tubular seat-member 145 is pressed, which 
opening connects at its bottom to a passage 146 leading 
through the orifice of a member 147, in the passage, to a 
vent opening 48 through the side of structure 2. 
Seated near its edge on member 145, and near its dia 
metrically-opposite edge on a pin 49, is a closure-washer 
150 through which the upper portion of rod 33 freely 
extends. While the electromagnet is unenergized, this 
closure-washer is maintained seated by the plunger acting 
on it through a light spring 151 (which is the equivalent 
of spring 69 shown in FiG. 2). 
Upon energization of the electromagnet, upward at 

traction of the plunger permits rod 133 to rise under the 
force of Spring 139 so that closure 134 is brought into 
engagement with its seat 135; a collar 152 on the rod lift 
ing closure-washer 150 from seat member 145. Inasmuch 
as the pressure chamber i22 is then in communication 
only with the atmosphere, the pressure of fluid in the inlet 
of the valve is effective to raise the diaphragm and un 
seat the main closure 117; the rate of upward movement 
of the diaphragm being determined by the flow capacity 
of orifice member 47. When the electromagnet is de 
energized, the resultant covering of seat member 145 and 
unseating of closure 134 effects quick equalization of the 
fluid pressures on opposite sides of diaphragm i9, so 
that the main closure 17 seats by gravity. 

FIGS. 5-7 illustrate the valves shown in FIGS. 1-3 
in different operating positions in a system of the char 
acter previously indicated. 

In FIG. 5, the boiler or heater referred to previously 
is designated at 208 and for illustrative purposes is shown 
'Supplying heat to space heating means, illustrated as a 
heat exchanger 20; which serves to heat an enclosure 
represented by the rectangle 292 and within which is 
located the thermostat 31 serving as a condition-respon 
SVe eaS. 

The thermostat 31 which comprises a temperature 
responsive Switch is serially connected with the previously 
mentioned normally closed switch 100, solenoid 28 and 
energizing source 263 for directly controlling the condi 
tion of the valve members 54 and 67 and, indirectly 
thereby, the diaphragm valve member 17. As shown in 
FIG. 5, the thermostat switch 31 is off and valve mem 
bers 54 and 17 prevent the flow of gas from the inlet 12 
to the outlet of valve casing 11 represented by the heavier 
lines. This is particularly so since the gas pressure on 
opposite sides of diaphragm 19 is substantially the same. 

FIG. 6 represents the "high fire' condition mentioned 
previously which results when the thermostat switch 3, 
is closed, in which case the solenoid 28 is energized to 
move valve member 67 to open position and to move 
valve member 54 to its upper position to thereby vent 
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8 
the topside of diaphragm 19 to the atmosphere and allow 
the gas pressure acting on the bottom side of diaphragm 
19 to move valve member 17 to open position. Conse 
quently, the flow of gas is as indicated by the arrows 
205-269 in FIG. 6. In this condition gas flows from 
the inlet 2 to the outlet 13 in "parallel' paths, one such 
path including the open port 57 and adjustable regulat 
ing valve 60 and another path comprising the diaphragm 
controlled port 6. However, in reaching this condition 
illustrated in FIG. 6, while the port 57 is opened rela 
tively rapidly, the diaphragm-controlled port 16 is opened 
relatively slowly due to the restricted orifice member 65 
which controls the rate at which the pressure on opposite 
sides of diaphragm 19 may change during the transi 
tion from the condition shown in FIG. 5 to the condition 
shown in FIG. 6. 

It is recalled that operation between the conditions illus 
trated in FIGS. 5 and 6 may be accomplished with 
out the valve 70, since in both cases the same is open. 
This valve 70, as previously explained, may be controlled 
in accordance with a condition such as pressure or tem 
perature in the boiler or heater 200 and while FIG. 3 
shows a bellows arrangement for this purpose, the same 
is indicated generally in F.G. 5 as a pressure or tempera 
ture-responsive means 222 controlling the valve 70 
through means represented by the dotted line 213 extend 
ing between such means 252 and valve 70. Further, since 
operation of the valve 70 under some conditions, as ex 
plained previously, may cause the condition-responsive 
switch 00 to open, the means whereby the same is ac 
complished is represented by the dotted line 214 extend 
ing between the means 212 and switch 100. 

In the explanation of the high fire condition in FIG. 6, 
mention was made of two "parallel' gas paths compris 
ing, on the one hand, port 57 and, on the other hand, the 
diaphragm controlled port 16. One of such "parallel” 
paths, namely the path comprising port 16, is closed to 
achieve the "low fire' condition in F.G. 7. Thus, when 
the pressure or temperature, as sensed by the means 2t2, 
assumes a first predetermined high value, the valve 70 is 
operated to a position, as shown in FiG. 7, where it closes 
vent line 94 and places inlet 2 in communication with 
the topside of diaphragm i9, thereby allowing the pres 
sure on opposite side of diaphragm 9 to equalize at a 
rate controlled or determined by the restricted orifice 65; 
and when such pressure on opposite sides has been sub 
stantially equalized, the valve port 16 is closed and gas is 
supplied at a lower rate, i.e. for a “low fire” condition, 
through only port 57. Transitions may then be accom 
plished from a high fire condition to a low fire condition 
and vice versa; and should, under any circumstance, the 
temperature in enclosure 202 become more than a prede 
termined magnitude, sensed by thermostat 3, the system 
returns to the 'off' condition shown in F.G. 5. 

However, should the thermostat 31 fail to thus operate, 
or should the heater or boiler temperature or pressure rise 
appreciably above the previously mentioned first prede 
termined level and assume a second higher predetermined 
level, sensed also by the means 2:2, then switch 100 is 
automatically opened and the system returns to its "off 
position shown in FIG. 5. 

While the particular embodiments of the present in 
vention have been shown and described, it will be obvious 
to those skified in the art that changes and modifications 
may be made without departing from this invention in 
its broader aspects and, therefore, the aim in the appended 
claims is to cover all such changes and modifications as 
fall within the true spirit and scope of this invention. 

I claim as my invention: 
1. In a valve structure: a valve body having an inlet 

and an outlet and a main passage therebetween; a main 
valve controlling flow through said main passage; means 
forming a supplemental passage interconnecting said in 
let and said outlet; a supplemental valve controlling flow 
through said supplemental passage; a fluid pressure motor, 

f 



3,035,774 
said motor having a movable pressure-responsive element, 
means operatively connecting said main valve and said 
element for operating said main valve; first conduit means 
extending between said inlet and one side of said mova 
ble element; a control valve in said conduit means for 
controlling the operation of said motor; second conduit 
means communicating said one side of said element to a 
pressure different from that existing in said inlet when 
said control valve is closed; and a mechanical connection 
between said control valve and said supplemental valve 
arranged so that when the control valve is actuated to 
effect, through said motor, opening of said main valve 
said Supplemental valve is also opened. 

2. A valve structure according to claim 1 including 
an additional valve in said second conduit means for con 
trolling the operation of said motor independently of said 
control valve and capable of effecting, through the motor, 
closing of said main valve while the pilot valve is in 
said actuated condition and said supplemental valve is 
therefore open through its connection with the said con 
trol valve. 

3. In a valve structure: a casing having an inlet cham 
ber and an outlet chamber; a partition separating said 
chambers and having a main port and a supplemental 
port therethrough; a main valve and a supplemental valve 
controlling flow through the respective ones of said ports; 
a fluid pressure motor, said motor having a movable 
pressure-responsive element; means operatively connect 
ing said main valve and said element for operating said 
main valve; first conduit means extending between said 
inlet and one side of said element; a control valve in Said 
first conduit means for controlling the operation of said 
motor; second conduit means communicating said one 
side of said element to a pressure different from the pres 
sure in said inlet chamber when said control valve is 
actuated; and means interconnecting said control valve 
and said supplemental valve and arranged so that when 
the control valve is actuated to effect, through said motor, 
opening of said main valve said supplemental valve is 
also opened. 

4. A valve structure according to claim 3 including an 
additional valve in said second conduit means for con 
trolling the operation of said motor independently of 
said control valve and capable of effecting, through the 
motor, closing of said main valve while the control valve 
is in said actuated condition and said supplemental valve 
is therefore open through its connection with the control 
valve. 

5. A valve structure according to claim 3 wherein a 
fluid communicaiting means is between said inlet cham 
ber and said motor for operating said motor by above 
atmospheric pressure of fluid in said inlet chamber, and 
said control valve comprises a part extending into the 
inlet chamber through an opening in a wall of the casing 
adjacent said supplemental port. 

6. In a valve structure: a casing having an inlet cham 
ber and an outlet chamber; a partition separating said 
chambers and having a main port and a supplemental port 
therethrough; a main valve-closure and a Supplemental 
valve-closure for controlling flow through the respective 
ones of said ports; a motor, operated by the pressure of 
fluid in said inlet chamber, for operating said main 
closure; said motor comprising a movable wall closing an 
opening through a casing wall of the inlet chamber and 
operatively connected to the main closure for operating 
the same, and means at the outside of the casing de 
fining with said movable wall a pressure chamber; Said 
casing wall having conduit means interconnecting the in 
let chamber and said pressure chamber; a control valve 
in said conduit means, for controlling the operation of 
said motor, comprising a closure controlling passage of 
fiuid from said inlet chamber to said pressure chamber 
through said conduit means; second conduit means com 
municating said pressure chamber to a pressure different 
from the pressure in said inlet chamber when said con 
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trol valve is operated; and a mechanical connection be 
tween said control valve closure and said supplemental 
valve closure arranged so that when the control-valve 
closure is actuated to effect, through the motor, opening 
of said main closure the supplemental-valve closure is 
opened through said connection. 

7. In a valve structure: a casing having an inlet cham 
ber and an outlet chamber; a partition separating said 
chambers and having a main port and a supplemental 
port therethrough; a main closure for controlling flow 
through said main port and biased to port-closing posi 
tion; a motor, operated by the pressure of fluid in said 
inlet chamber, for opening said main closure; said motor 
comprising a movable wall closing an opening through a 
casing wall of the inlet chamber and operatively con 
nected to the main closure, and means at the outside 
of the casing defining with said movable wall a pressure 
chamber; there being another opening through a casing 
wall of the inlet chamber and aligned with the inlet 
chamber end of said supplemental port; means at the 
outside of the casing, around said other opening, defining 
a part of said pressure chamber; a control valve, for con 
trolling operation of said motor, comprising a reciproca 
ble stem extending through said other opening in spaced 
relation to its sides and carrying a closure cooperable 
with the inlet-chamber end of said other opening; valve 
means operable by said stem and arranged to vent said 
pressure chamber when said control valve closure is op 
erated so that pressure of fluid in the inlet chamber then 
effects, through said movable wall, opening of said main 
closure; a supplemental closure also carried by said stem 
and arranged so that it is moved out of closing relation 
to the inlet-chamber end of said supplemental port when 
the control-valve closure is actuated; and means for actu 
ating said stem. 

8. A valve structure according to claim 7 wherein 
means are provided whereby venting of the pressure cham 
ber is restricted so that opening of said main closure is 
retarded, and initial flow through the valve structure is by 
way of said supplemental port. 

9. A valve structure according to claim 8 including 
means operatively associated with said supplemental port 
for adjusting the rate of flow through said supplemental 
port. 

10. A valve structure according to claim 7 including 
conduit means in communication with said pressure cham 
ber, an additional valve in the last-mentioned conduit 
means arranged to obstruct venting of said pressure cham 
ber by said valve means and concurrently to supply to the 
pressure chamber fluid from said inlet chamber so as to 
effect, through said motor, closing of said main closure 
while said other opening is closed by the control-valve 
closure and said supplemental port is open. 

11. In a valve structure: a casing having an inlet cham 
ber and an outlet chamber; a partition separating said 
chambers and having a main port therethrough; a main 
valve for controlling flow through said main port; a fluid 
pressure motor, means operatively connecting said main 
valve and said motor for operating said main valve; con 
duit means interconnecting said motor with said inlet 
chamber; a portion of said partition being substantially 
parallel to and spaced from a casing wall of said inlet 
chamber, said portion having a supplemental port there 
through facing said casing wall; a supplemental closure 
for controlling flow through said supplemental port; said 
casing wall having an opening therethrough aligned with 
said supplemental port; a control valve in said conduit 
means for controlling the operation of said motor and 
mounted on the outside of the casing adjacent said open 
ing; second conduit means connecting said motor to a 
pressure different than the pressure in said inlet chamber 
when said control valve is operated, and means, extend 
ing through said opening, mechanically interconnecting 
said control valve and said supplemental closure and ar 
ranged so that when the control valve is actuated to effect, 
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through said motor, opening of said main valve the supple 
mental closure is also opened. 

12. A valve structure according to claim 11 wherein 
said motor includes means to effect gradual opening of 
said main valve, and wherein said actuation of the control 
valve effects abrupt and full opening of said supplemental 
valve. 

13. A valve structure according to claim 11 wherein a 
fluid communicating means is between said chamber and 
said motor for operating said motor by above atmospheric 
pressure of fluid in said inlet chamber, and wherein said 
opening through a casing wall of the inlet charnber serves 
for supplying said fluid to the motor under the control of 
said control valve. 

14. A valve structure according to claim 13 wherein 
said motor comprises a movable wall closing an opening 
through a casing wall of the inlet chamber at the side of 
the casing opposite the aforesaid casing wall, and means 
at the outside of the casing defining with said movable wall 
a pressure chamber for said fluid. 

15. In an arrangement of the character described, a 
valve body having inlet means, outlet means and a cham 
ber; two conduit means extending between said inlet and 
outlet means for producing parallel fluid flow between 
said inlet means and said outlet means, first valve means 
in one of said conduit means for controlling the flow of 
fluid between said inlet means and outlet means compris 
ing a pressure-operated diaphragm having one side thereof 
exposable to the pressure of fluid in said inlet means and 
having the other side thereof forming a movable wall of 
said chamber; second valve means in the other one of 
said conduit means controlling the flow of fluid between 
said inlet and outlet means; third valve means for con 
trolling fluid flow from said inlet means to said chamber 
to control operation of said first valve means; and means 
for operating said second and third valve means, said 
operating means including means for jointly operating said 
second and third valve means such that when said second 
valve means is closed, said third valve means is opened. 

16. An arrangement as set forth in claim 15 in which 
means are incorporated for controlling the rate at which 
fluid from said inlet means is allowed to leave said cham 
ber such that said first valve means is opened relatively 
slowly when said third valve means is opened. 

17. An arrangement as set forth in claim 16 in which 
said rate controlling means comprises conduit means 
extending from said chamber having a restricted opening 
therein. 

18. An arrangement as set forth in claim 15 in which 
said first valve means controls a relatively large volume 
of fluid flow and said second valve means controls a rela 
tively small volume of fluid flow, and said second valve 
means controls the flow of fluid through said other conduit 
means between said inlet and outlet means with the last 
mentioned conduit means and means providing a restric 
tion in the last-mentioned conduit means. 

19. An arrangement as set forth in claim 18 in which 
means are incorporated to retard opening of said first valve 
means when said third valve means is operated. 

20. An arrangement as set forth in claim 16 in which 
conduit means extends from said chamber for venting the 
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same; fourth valve means controlling the flow of fluid 
through the last mentioned conduit means; and said oper 
ating means operating said second, third and fourth valve 
means jointly. 

21. An arrangement as set forth in claim 16 in which 
conduit means extends from said chamber, fourth valve 
means controlling the flow of fluid through said conduit 
means, said second, third and fourth valve means being 
operated jointly by said operating means; a venting con 
duit; and fifth valve means alternately placing said conduit 
means in communication with said venting conduit or said 
inlet means. . 

22. An arrangement as set forth in claim 21 including 
first condition-responsive means controlling said operating 
means; and second condition-responsive means controlling 
said fifth valve means. 

23. In an arrangement of the character described 
wherein a pressure operated diaphragm valve is controlled 
in accordance with differential pressures on opposite sides 
of a diaphragm and wherein means are provided to pro 
duce a differential pressure acting on said diaphragm, the 
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improvement which resides in providing a supplementary 
valve in a fluid flow path which is in parallel with the fluid 
flow through said diaphragm operated valve, and provid 
ing means for retarding the movement of said diaphragm 
operated valve to open position when said supplementary 
valve is opened, and providing means defining a fluid 
passage for intercommunicating opposite sides of said 
diaphragm, and common control means operated to open 
said supplementary valve and to substantially simultane 
ously close said fluid passage to prevent one side of said 
diaphragm from being in communication with the other 
side of said diaphragm. 

24. An arrangement as set forth in claim 23 in which 
additional valve means is effective to alternately vent said 
one side of said diaphragm to the atmosphere or to place 
the same in communication with said other side. 

25. An arrangement as set forth in claim 24 including 
a first condition responsive means, a second condition 
responsive means sensitive to a condition established by 
operation of said common control means, said common 
control means being operated in accordance with the con 
dition of said first condition-responsive means and said 
additional valve means being operated in accordance with 
the condition of said second condition responsive means. 

26. An arrangement as set forth in claim 25 including 
a third condition responsive means sensitive to a condi 
tion established by operation of said common control 
means, said common control means being rendered inop 
erative in accordance with a condition of said third condi 
tion-responsive means. 
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