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3 (Cairns, 

This invention relates to a combined regulating 
and shut-off valve mechanism for both positively 
turning on and shutting off the flow from one 
preSSure System to another, and for also regulat 
ing the pressure in the lower of the two, and 
While not necessarily so limited is intended for 
use more particularly for controlling the flow of 
fuel to gas fired furnaces and combustion devices 
of that character. 
The primary object of the invention generally 

Stated is to provide an improved valve mechanism 
of the type disclosed in United States Fatent No. 
,764,790, granted June 17, 1930 to C. H. Hook 
and N. L. Mercur for a "Combined pressure regul 
lating and shut-off valve'. A more particular 
object, however, is to provide such a mechanism 
with a secondary safety pilot valve which is 
adapted to be rendered responsive to the fire in the 
burner with which the mechanism is used and to 
positively insure the combined valve mechanism 
operating as a shut-off valve in case the fire in 
the ourner is extinguished for any reason whata 
SOeWe. 
These and other objects, as well as the various 

other novel features and advantages of the ix 
Vention, Will be apparent when the following dea 
tailed description is read in conjunction with the 
aCCOIn panying drawings, of Which Fig. 1 is a Seces 
tional view of a single embodiment of the inven 

... tion; Fig. 2 a simple Schematic wiring diagram 
of a control system for automatically controlling 
the operation of the primary pilot valve utilized 
to deterraine the operation of the main flow 
Valve; Fig. 3 is a, Sectional view to an enlarged 
Scale of the pilot valve mechanism shown in Fig. 

; Fig. 4: a, front elevational view of the same; 
and Fig. 5 a. Sectional view taken on the line 
W-7 of Fig. 4. 

In accordance with the invention as illustrated 
in the drawings, a combined pressure regulating 
and shut-off valve mechanism is provided which 
comprises a valve casing consisting of three de 
tachably connected sections i, 2 and 3. The lower 
of these, section 1, forms the valve casing proper 
and is provided with a pair of threaded openings 
4 and 5 for connecting it in the fuel line of 2, gas 
fired furnace or similar pressure System. Across 
the casing there is extended a, partition 6 which 
divides it into an inlet chamber and an outlet 
chamber 8. A valve opening 9 is provided in this 
partition and in it a valve 11 is arranged to seat 
to control the fioW therethrough. 
Between the adjoining ends of sections 1 and 2 

of the casing, which are open, there is arranged 
a flexible diaphragm 12, and to it a valve stem 13, 
connected to valve 11, is attached. A similar but 
larger diaphragm 14 is arranged between the up 
per end of casing section 2 and the lower end of 
casing section 3, both such sections being of a 
dish shape to allow for an increase in the area, 

(CE. 58-...-H...) 
of diaphragm 14 over diaphragm 12. Between 
the two diaphragms a chamber 15 is formed by 
Casing Section 2 which is utilized as a pressure 
chamber for operating valve 11, both diaphragms 
functioning as pressure responsive elements, dia 
phragm 12 being responsive to the difference in 
pressure on its two sides and diaphragm 14 to the 
preSSure in chamber 15. 

For transmitting the movement of diaphragm. 
4 to diaphragm 12 and hence to Wave 9, a pair 

of levers 17 are employed. The upper ends of 
these levers are connected by links 8 to a, bracket 
19 which is Secured to diaphragm 4 and their 
centers pivotally engaged at 21 in a bracket 22, 
mounted on the bottom of Casing section 2, while 
their lower ends are arranged to engage a head 
16 to which the end of Stern 13 is connected. 
Hence when diaphragan 14 is forced upwardly the 
lower ends of levers are forced against head 
16, urging valve 11 toward its seat. To vary the 
pressure required in chamber 15 to move diar 
phragm 14 upward sufficiently to close Valve 11, 
Weights 23 of different sizes may be mounted. On 
top of diaphragm 14, or any other adjustable 
means, such as a spring disposed between the 
diaphragm and the top of the COVer Casing Sec 
tion 3, may be used for Such purpose. 
When properly installed for use, chamber d is 

arranged to connect with the high pressure Sys 
tem or fuel supply and chamber 8 with the low 
pressure system or the burners of a furnace, and 
to utilize pressure chamber 15 for operating valve 
1i, ducts 24, 25 and 26 are provided in casing sec 
tion for transmitting to that chamber the pres 
Sures obtaining in chambers and 8. When 
chamber 7 is connected to chamber 15, the pres 
Sures on the two sides of diaphragm. 12 are the 
same and waive 11 falls closed due to gravity. 
However, if the pressure is sufficient, as it usually 
is, to lift diaphragm 14 against the force of weight 
23, the levers 17 apply a pressure to head 16 and 
positively hold valve 11 on its seat. Accordingly, 
when such a connection is made, valve 11 func 
tions as a positive shut-off valve. When the con 
nection between chamber 7 and chamber 15 is 
shut off and chamber 8 is connected with cham 
oer 15, the pressure in the latter chamber is the 
same as that in chamber 8. Hence a, difference in 
pressure exists on the two sides of diaphragm 12 
with the greater pressure in chamber a tending 
to lift valve 1.1 from its seat. Opposing the up 
ward movement of diaphragm 12 are levers 1 
which are urged against it by diaphragm i4 when 
a sufficient pressure is established in chamber 15 
to lift weight 23, and, because of the greater area 
of diaphragm 14, it is adapted to maintain a se 
lected pressure in chamber 8, determined by the 
size of weight 23 when duct 25 is open, causing 
valve 1 to function as a pressure regulator. 
For controlling the connections between chan 
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2 
bers 7 and 8 and 15, a pilot valve 27 is arranged 
in a valve chamber 28 in casing section 1, and 
into it each of these connections extend. The 
valve is so arranged as to be selectively moved 
to close or open either of the ducts 24 or 25. In 
the particular embodiment shown Valve 27 is ar 
ranged to move in a horizontal plane, and when 
in its inner position to close the end of duct 24 and 
when in its outer position to close the end of duct 
25. This valve is mounted On a stem 29 which is 
reciprocably mounted in a bore 31 in a body cas 
ing 32, which in turn is demountably secured to 
casing 1 and designed to form the outer wall of 
valve chamber 28. To simplify the operation of 
valve 27, duct 24 is extended through valve body 
32 to bore 31 Which is enlarged at its inner end 
to permit the pressure to be communicated to 
chamber 28 about stem. 29. 
To adapt pilot valve 27 to be operated from re 

mote points, an electromagnet is employed COn 
sisting of a solenoid 33 and a movable armature 
34. For supporting these a pair of plates 35 are 
secured to the sides of body 32. Between such 
plates an L-shaped permeable core 36 is mounted 
with One leg extended downwardly, and upon it 
Solenoid 33 is attached. The remainder of the 
magnetic circuit is formed by armature 34 which, 
like core 36, is L-shaped in form. This armature 
is pivotally secured at one end by a pin 37 be 
tween plates 35. 
To facilitate the connection of Solenoid 33 in 

a control circuit, its leads 38 and 39 are connect 
ed, respectively, to a pair of terminals 41 and 42 
mounted on an end plate 43 attached to the ends 
of plate 35. This end plate is preferably formed 
of current insulating material and is shaped to 
fit within a tube 44 fitted over the whole pilot 
valve structure to form a housing therefor. 

For moving armature 34 away from core 36 
and yieldably connecting it to valve stem 29, a 
Small leaf spring 45 is employed. One end of 
this spring is engaged in a lug 46 at the top of 
plates 35, and it is connected midway between its 
two ends at 47 to the top of armature 34, the con 
nection being so made as to flex the Spring in a 
direction to constantly urge the armature a Way 
from core 36. From 47 the spring is extended 
along the back of the armature, and its lower 
end, which is slotted at 48 for such purpose, is 
fitted over an annular groove 49 cut on the end of 
valve stem 29. With this arrangement, when 
Solenoid 32 is deenergized, armature 34 is urged 
to its open position by spring 45 and carries valve 
27 to its seat at the end of duct. 25. When ener 
gized the armature is moved to its closed posi 
tion, seating valve 27 over the end of bore 3i 
which also constitutes the end of duct 24, the 
spring 45 permitting relative movement of valve 
27 with armature 34 and insuring seating of the 
valve in both directions of operation. 
In order that pilot valve 27 may be operated 

manually in the absence of a control circuit be 
ing established for solenoid 33, or in case there 
is a failure in such circuit, a bolt 51 is provided 
in valve body 32, the bolt being arranged for 
movement in a vertically disposed bore 52 Cut 
in body 32 at One side of the bore 31 in which 
valve stem 29 moves. Cooperating with bolt 51 
is a pin 53 which is arranged to move in a hori 
zontal bore 54. This pin is adapted to engage 
bolt 51 at one end and the back of armature 34 
at the other. As shown, the upper end of bolt 
51 is tapered at 55 on the side engaging pin 53. 
Consequently as it is pushed upward it forces the 
pin and armature outward, the amount of nove 

1975,656 
ment so produced being sufficient to carry valve 
27 to its seat in the end of duct 24, but insuff 
cient to engage the end of the armature with 
core 36, a small gap 56 being allowed between 
these members when operated in this manner for 
a purpose which will presently appear. 
While the taper 55 on bolt 51 is sufficient to 

close valve 27 on its seat at the end of duct 24, 
when the bolt is moved its full distance upWard 
pin 53 engages the flat side of the bolt, and be 
cause of the pressure exerted on the pin by Spring 
45, it applies such a force to the bolt that the lat 
ter is retained in its upper position until it is 
pulled down by force, or solenoid 33 is energized. 
The energizing of the solenoid pulls armature 34 
tightly against core 36, closing gap 56 whereby 
the force on pin 53 is released to such an extent 
that bolt 51 falls to its inactive position due to 
gravity. To prevent the bolt falling from bore 52 
when so released, a set screw or any other Suit 
able means may be arranged to engage it. By 
reason of this automatic release feature, if the 
pilot valve is operated manually while the con 
trol circuit connected to solenoid 33 is deener 
gized for any cause whatever and the circuit 
thereafter set in operation, the pilot Valve is 
automatically placed under the control of the 
solenoid and the control circuit as soon as the 
solenoid is energized and armature 34 moved to 
close the gap 56 between it and the core 36. The 
advantage of this will be readily appreciated by 
those skilled in the art. 

In heating systems utilizing valves of this na 
ture it is highly essential that provision be made 
for insuring against the escape of gas in Case 
the fires are extinguished due to abnormal causes 
such as may be brought about by explosions OC 
curring in the combustion chamber, or more fre 
quently by a temporary failure in the gas Sup 
ply, or by numerous other causes. To provide 
against the existence and continuance of such a 
condition, which may easily result in disastrous 
consequences, it is a feature of this invention to 
provide a secondary or safety pilot valve 61 which 
is adapted to positively insure valve 11 Operat 
ing to shut off the flow of fuel in case the furnace 
fires are extinguished, and to do so independently 
of the position of valve 27 when Such condition 
OCCS. 
As shown in the drawing, this latter pilot valve 

is arranged in a valve chamber 62 formed in cas 
ing section 1 and through it duct 25 connecting 
chamber 8, which pressure chamber 15 is ex 
tended. The valve is mounted in a sleeve 63 
Which has a valve seat on its lower end and an 
opening in its side registering With the portion 
of duct 25 extending above chamber 62. Hence 
when valve 61 is closed, duct 25 is shut off, and 
when open, the duct is open. With such ar 
rangement, when valve 61 is closed valve 11 can 
not be operated as a regulator no matter where 
valve 27 is located when it is closed. To insure 
valve 11 being closed if duct 24 is shut off by 
valve 27 when valve 61 is closed, a Small bleeder 
opening 64 is extended from chamber 7 into 
valve chamber 28. This bleeder connection is 
so proportioned that it does not interfere with 
the normal operation of diaphragm 14, as con 
trolled by valve 27, but does afford a sufficient 
connection between chambers 7 and 15 to close 
valve 11 at all times when valve 61 is closed. 

For operating valve 61 it is connected by a 
stem 65 with the outer end of a flexible tube 66 
which has its inner end attached to a shoulder 
67 on the outer end of sleeve 63. About tube 
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1,975,656 
66 there is provided a casing 68 which forms with 
it a pressure chamber 69. This chamber is in 
turn connected by a length of tubing 71 to a bulb 
Or other suitable container 72. This container 
together with tube 71 and chamber 69 are filled 
With a thermally expansible fluid which is adapt 
ed to collapse tube 66 and force valve 61 away 
from its seat when heated, and the bulb 72 in 
service is mounted to be acted upon by the flame 
of a burner with which the valve is used or a 
pilot light, Such as pilot 73, connected to the 
Same gas Supply. Hence as long as a fire is 
maintained by pilot 73, valve 61 is held open, 
but in case it goes out, the fluid in bulb 72 con 
tracts and valve 61 closes. This closes duct 25, 
and as bleeder 64 insures a pressure in chamber 
15 equal to that in chamber 7, valve 11 is closed. 
When valve 11 is closed in this fashion it can 
not be reopened until pilot 73 is relighted and 
valve 61 opened. As will be readily appreciated, 
Such a feature affords both a safe and positive 
protection against gas leaks whether valve 27 is 
operated either manually or automatically. 

In normal operation the casing section 1 is con 
nected in the fuel Supply line to a burner or fur 
nace. being controlled by valve 11 and a selected 
Weight 23 is placed on diaphragm 14 to give the 
desired regulation of fuel pressure to the burner. 
In addition, Solenoid 33 is connected in a con 
trol circuit such as that shown in Fig. 2, in which, 
as indicated, there is usually included a source 
of current Supply, represented by transformer 
75, a hand Switch 76, a room temperature re 
Sponsive thermostatic switch 70 provided with 
contacts 77 and 78, a burner operated thermal 
Switch 79, and a boiler pressure switch 81. These 
Switches and parts making up this circuit are all 
well known and need no further description here 
inasmuch as they in themselves form no part of 
the present invention. In such a circuit, when 
Switch 76 is closed and transformer 75 is ener 
gized, Solenoid 33 is placed under the control of 
Switches 79 and 81 and thermostat 70, which is 
the usual room type thermostat. The thermostat 
is usually adapted to close the circuit and main 
tain it closed below a preselected temperature 
and open it above such temperature. When 
closed, Solenoid 33 is energized and duct 24 closed 
by valve 27, rendering valve 11 operable as a 
regulator for determining the pressure at which 
the fuel is supplied to the burners. When open, 
the Solenoid is deemergized and valve 27 moves 
to open duct 24, closing duct 25 due to the re 
Sultant action of armature 34. This causes valve 
il to be closed. In addition, if either switches 
79 or 81 open notwithstanding the position of 
the thermostat contacts 77 and 78, the solenoid 
circuit is interrupted and causes valve. 11 to close. 
This latter is a customary safety feature in sys 
tems of this type. As set forth above, in case of 
a failure or absence of current supply in the con 
trol circuit, valve 27 may be operated manually 

Such latter form of control, 
however, is automatically released, as also set 
forth above, if solenoid 33 is energized. Among the outstanding advantages of the in 
vention is that afforded by the secondary pilot 
Valve 61 which under all conditions of operation, 
notwithstanding the position of any of the other 
valves, closes and causes valve 11 to be positively 
closed if the fire in the furnace or pilot lights 73 
goes out. Hence it positively insures against 
gas leakage due to fire failure. It will be readily 
understood by those skilled in the art that valve 

3 
61 may be operated by other means and in re 
SpOn Se to other conditions. than that illustrated 
but Such are intended to fall within the scope of 
the appended claims. 

I, claim as my invention: 
1. A combined pressure regulating and shut-off 

Valve mechanism for controlling the flow of fluid 
from One pressure System to another comprising 
in combination, a main valve adapted to be con 
nected between two such systems, a pressure re 
Sponsive element for operating said valve, means 
for connecting said pressure responsive element 
to the pressure line at both the high and low 
pressure sides of Said main valve, a primary pilot 
Valve for Selectively controlling the connection be 
tween said pressure responsive element and Said 
line connections, an auxiliary pilot Valve arranged 
to render said primary pilot valve inactive when 
it is operated to connect said pressure responsive 
element to the low pressure side of said main 
valve, and a bleeder connection extending from 
the high pressure side of said main valve to said 
pressure responsive element, such bleeder connec 
tion being insufficiently large to interfere With 
the operation of the pressure responsive element 
when the latter is connected to the low pressure 
side of the main valve to act as a regulator. 

2. A combined regulating and shut-off Valve 
mechanism comprising in combination a valve 
casing having in it an inlet chamber, an outlet 
chamber and a pressure chamber, a valve dis 
posed in a valve opening connecting Said inlet 
chamber with said outlet chamber, a preSSure 
responsive element arranged in Said pressure 
chamber and operably coupled to Said valve, a. 
pressure connection between said inlet and outlet 
chambers and said pressure chamber, a primary 
pilot valve for normally controlling Said Connec 
tion, a secondary pilot valve for closing said outlet 
chamber connection. With said preSSure chamber, 
and a bleeder connection between said inlet cham 
ber and said pressure chamber connection for 
establishing a pressure in Said pressure chamber 
corresponding to the pressure in said inlet cham 
ber when said secondary pilot valve is closed 
independently of the position of Said primary 
pilot Valve. 

3. A flow controlling mechanism for use with 
a gas fired burner comprising a valve casing 
adapted to be connected in a fuel line, said Casing 
having in it an inlet chamber, an outlet chamber 
and a pressure chamber, a valve disposed in a 
valve opening connecting said inlet with said 
outlet chamber, a pressure responsive element 
arranged in Said pressure chamber and Operably 
coupled to said valve for controlling its operation, 
pressure connections between Said inlet and out 

80 

85 

95 

100 

10s 

O 

5 

120 

125 

130 

let chambers and said pressure chamber, electro 
responsive means adapted to be operable by re 
mote control for selectively opening and closing 
the connection between said inlet chamber and 
said pressure chamber, thermally responsive 
means for Shutting Off Said Outlet chamber and 
pressure chamber connection independently of 
said electroresponsive means, and a bleeder con 
nection between said inlet chamber and said pres 
sure chamber for establishing the inlet chamber 
pressure in Said pressure chamber independently 
of the position of operation of said electro 
responsive pressure controlling means when said 
thermally responsive pressure controlling means 
is closed. 
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