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PRESSURE-OPERATED VALVE WITH MAG-
NETICALLY ACTUATED PILOT
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tion of New Jersey
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16, 1962, Ser. No. 189,948

8 Claims. (Cl 251—30)

Matter enclosed in heavy brackets [ § appears in the
original patent but forms no part of tnis reissue specifi-
cation; matter printed im italics indicates the additions
made by reissae,

This invention relates to valves and more particularly
to pressure-operated valves controlled by a pilot valve.

It is an object of the invention to provide an improved
pilot-controlied valve, and more especially a magnetically-
operated pilot valve. One feature of the invention relates
to a compact construction in which the pilot valve is
located within the body of a main valve element which is
opened and closed by pressure of the fiuid in the line
commanded by the main valve. Another feature relates
to a construction in which a maguetic operating mech-
anism for the pilot valve also operates the main valve
element when the fluid pressure in the line is too low
to operate the main valve element,

Other objects, features and advantages of the inven-
tion will appear or be pointed out as the description
proceeds.

In the drawing, forming a part hereof, tn which like
reference characters indicate corresponding parts in all
the views:

FIGURE 1 is a sectional view through a magnetically-
operated, pilot-controlled valve made in accordance with
this invention;

FIGURE 2 is an enlarged sectional view taken on the
line 22 of FIGURE 1; and

FIGURE 3 is a fragmentary view showing a portion of
the structure of FiGUKE 2 with the pilot valve in open
position.

‘Lne valve includes a housing 19 enclosing a chamber
11. The chamber has an inlet 13 and an outlet 14.

A main vaive element 16 is located within the cham-
ber 11. There is a bore i exiending axialiy through tne
main valve eiement 16 and in the forward ead of this
bore 18 there is a bushing Z8. In the consiruction shown,
the bushing 20 threads into the end of the bore 18 and
has a flange 22 which clamps a plastic valve seat 24
against a surface of the main valve element 16. This
seat 24 preferably has a tapered surface which contacis
with a tapered tace of a shouider 26 located at the up-
stream end of the chamber outlet 14.

The main valve element 16 slides back and forth in
the chamber 11 between open and closed positions and
there are fins 3¢ at angularly spaced regions around the
axis of the valve element 16 for hoiding the front ead of
the valve element centered in the chamoer 11. The back
end of the valve element 16 is cylindrical and fits the
chamber 11 as a piston. This piston portion of the main
valve element is indicated by the reference character 32
and it is located beyond the chamber inlet 13.

The piston portion 32 has piston rings 34 and the valve
element 16 is held in closed position by fluid pressure in
the chamber 11 behind the main valve element 16.

Fluid is admitted into the back end of the chamber 11,
behind the piston portion 32 of the valve element, through
a port 40. This port opens through the side of the valve
element 16 and into the bore 18. High-pressure fluid
from the inlet passage 13 flows through the port 40 and
through the back end of the bore 13 into the space in
the chamber 11 behind the piston portion 32 of the main
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valve element. The static pressure in chamber 11 is thus
equal to inlet pressure on both sides of piston portion 32
of the main valve element. This pressure acts on the
effective seat area created by poppet seat 24 to create a
force which urges the valve element 16 into the closed
position and seals inlet pressure at seat 24.

A pilot valve 42 is located in the bore 18 and this pilot
valve preferably fits the bore as a piston and is movable
therein toward and from the back face of the bushing 20,
The pilot valve 42 has a plastic sealing element 44 on its
front face, preferably a rubber insert in the front face, in
position to cover a bleed outlet 46 which extends axially
through the bushing 20. In the construction illustrated,
the rubber insert is undercut to secure it more firmly in
place., If the valve is designed for pressures in excess
of 1,000 pounds per square inch, the sealing element 44
is preferably made of nylon or some other plastic which
is stiffer than rubber.

When the pilot valve 42 is in closed position, that is,
when the sealing element 44 is in contact with the back of
the bushing 20, the port 40 is uncovered. When the
pilot valve 42 moves away from the bushing 20, into open
position, it covers the port 40, thus operating as a slide
valve for closing or opening the port 49.

The pilot valve 42 has a passage opening through it
from back to front. This passage includes a hollow por-
tion 48, extending for most of the length of the pilot
valve 42, and one or more small passage sections 49 which
open through the front of the pilot valve 42 at locations
offset from the area of the sealing element 44 which
covers the bleed outlet 46.

The pilot valve 42 is moved into open position by
magnetic operating mechanism which includes a solenoid
having a coil 55 enclosed within a cover 56. This cover
is connected to the housing 10 by threads 58 and there
is a sealing ring 60 located in a recess of the cover 56
in position to contact with the face of the chamber 11
at the upper end of the chamber. A plunger 62 extends
into the space within the coil 55, and this plunger 62 is
connected to a rod 64 by a threaded comnection within
the plunger. A lock nut 66, threaded on the rod 64,
holds the rod 64 in any position to which it is adjusted
by threading it farther into or out of the plunger 62.

The forward end of the rod 64 extends loosely into a
slot at the back of pilot valve 42 and is attached to the
pilot valve 42 by means of a pin 75. This pin 75 ex-
tends through openings in the back portion of the pilot
valve 42 and fits with a press fit in these openings. There
is an opening 72 through the rod 64 and the pin 75 ex-
tends through this opening 72 but is substantially smaller
than the opening so as to provide a lost motion connection
between the rod 64 and the pilot valve 42.

There is a collar 88 on the rod 64 and this collar serves
as a retainer for a spring 82 compressed between the col-
lar 80 and a shoulder in the cover 56. The pressure of
this spring urges the rod 64 forwardly, taking up the
lost motion at the pin 75 and thrusting the pin and pilot
valve forwardly to hold the pilot valve in closed position.

When the coil 55 is energized, the plunger 62 is moved
rearwardly, and moves independently of the pilot valve
42 until the lost motion between the rod 64 and pin 75
is taken up. Further movement of the rod 64 pulls the
pilot valve 42 into open position. The advantage of this
lost motion is that the plunger 62 and its connected parts
acquire some momentum so that the force applied to the
pilot valve is a dynamic force for opening the pilot valve
with a rapid movement.

Opening of the pilot valve 42 permits pressure behind
the piston portion 32 of the main valve element to escape
through the passage 48, the passage §ections 49 and the
bleed outlet 46, With this pressure behind the main
valve element relieved, the fluid pressure from the inlet
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13 presses against the front of the piston portion 32 and
moves the main valve element 16 into open position.
Thus, the main valve element 16 is moved in both direc-
tions by fluid pressure from the inlet 13 in respense. to
the movement of the pilot valve 42 which selectively opens
and closes the port 49 at the same time that it closes and
opens, respectively, the bleed outlet 46.

The spring 82 also applies some force for moving the
main valve element 16 into closed position; this force
being exerted through the pilot valve 42 which contacts
with the bushing 28 of the main valve element when the
pilot valve is closed.

There is an abutment washer 88 located at the back
end of the bore 18 and held in place by a snap ring 89.
This abutment washer is in the path of a portion of the
pilot valve 42 so that if the main valve element 16 is not
moved by fluid pressure after the port 4% has been covered
and bleed outlet 48 uncovered by the pilot valve 42, then
continued movement of the pilot valve 42 brings the pilot
valve into contact with the abutment washer 88 and
applies the force of the solenoid to the main valve ele-
ment 16 through the pull of the pilot valve 42. Thus the
magnetic. operating mechanism serves to open the main
valve element when the fluid pressure is insufficient to
move the main valve element into open position,

The solenoid has a fixed iron core 108 brazed to one
end of a non-magnetic sleeve 142. The other end of this
sleeve 162 is secured to the cover 56 by brazing 163. A
brass sleeve. 104. surrounds the connecting sleeve 102 and
part of the fixed core 109.

In order to obtain maximum pull from the solenoid,
the rod 64 is screwed into or out of the plunger 62 until
the plunger contacts with the confronting face of the fixed
core 100 while the rearward end of the main valve ele-
ment 16 is just a short distance from the end of the cham-
ber-11. In the illustrated construction, the portion of
the cover 56 that screws into the housing 10 forms the
end of the valve chamber 11.

An adapter 306 is attached to the upper end of the
fixed core 169 by a nut 108 threaded over an extension
of the fixed core 160. A sealing ring 110 prevents leak-
age of gas, moisture and dust into the interior of the cover
56. Current is supplied to the winding 55 through con-
ductors. 112 which lead to a receptacle 1i4 at the upper
end of the adapter 106. A sealing ring 116 prevents
leakage between the base of the receptacle 114 and the
adapter 106..

The preferred embodiment of the invention has been
illustrated and described, but changes and modifications
can be made and some features can be used in different
combinations without departing from the invention as de-
fined in the claims.

What is claimed is:

1. A pilot-controlled valve -including a housing en-
closing a chamber having inlet and outlet passages, a
main valve element in the chamber, an annular shoulder
in the chamber and with which the element coniacts when
in closed position, the valve element having a body with
an axial bore therein and a bleed outlet of smaller cross
section than the bore at the front end of the valve element
and through which the bore communicates with the out-
let passage, the back of the valve element being cylindrical
and fitting within a cylindrical portion of the chamber as
a piston, a pilot valve that slides back and forth in the
bore and into a forward position where it closes the bleed
outlet through the front of the valve, the pilot valve hav-
ing a rearward face exposed to the pressure in said cylin-
drical portion of the chamber behind the piston and being
held in its forward closed position by said pressure where-
by increase in pressure on the back of the valve element
holds the pilot valve in closed position with greater force,
and in which the main valve element has a bushing in the
forward end of the bore and a flange extending radially
beyond the bore with a back face confronting a surface
of the valve element, a plastic seat clamped between
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the flange and said surface of the valve element, the
plastic seat extending radially beyond the flange and into
position to contact with the annular shoulder when the
valve element is in closed position, the inlet passage open-
ing into the chamber at a location between the seat end
of the main valve element and the piston portion at the
back of the main valve element, the pilot valve fitting the
bore in the main valve element as a piston and being
movable into and out of contact with the back of the
bushing, the means for moving the pilot valve into open
position including magnetic operating mechanism having
a movable element connected with the pilot valve by a
iost-motion conmection, means urging the pilot valve to-
ward closed position including a spring exerting pressure
against the pilot valve through the lost-motion connec-
tion, an abutment on the main valve element behind a
portion of the pilot valve and in the path thereof where-
by movement of the pilot valve into open position beyond
a predetermined limit causes the pilot valve to displace
the abutment and move the main valve element toward
open position.

2. A pilot-controlled valve including a housing en-
closing a chamber having inlet and outlet passages, a
main valve element in the chamber, an annular shoulder
in the chamber and with which the element contacts when
in closed position, the valve element having a body with
an axial bore therein and a bleed outlet of smaller cross
section than the bore at the front end of the valve ele-
ment and through which the bore communicates with the
outlet passage, the back of the valve element being cylin-
drical and fitting within a cylindrical porticn of the cham-
ber as a piston, a pilot valve that slides back and forth
and into a forward position where it closes the bleed
outlet through the front of the valve element, motor
means for moving the pilot valve rearwardly, said motor
means including a reciprocating element and a lost-
motion connection between the reciprocating element and
the pilot valve, a spring that urges the pilot valve toward
closed position and that also urges the main valve ele-
ment toward closed positicn by pressure of the pilot
valve against the main valve element, the spring being
operably connected with the reciprocating element on
the. same side of the lost motion connection as are the
motor means so as to take up the lost motion in the
direction of the pilot valve and the main valve element
when said valve and valve element are in closed positions.

3. The pilot-controlled valve described in claim 2
and ‘in which there is an abutment on the main valve
element behind the pilot valve and with which the pilot
valve contacts after moving for a limited distance to puil
the main valve-element into open position, the movement
of the pilot valve through said limited distance being
substantiaily greater than the lost motion in the connec-
tion between the pilot valve and the reciprocating ele-
ment of the motor means.

4. The pilot-controlied valve described in - claim 2
and in which there is a counter-bore at the rearward
end of the axial bore, a washer against the end face of
the counter-bore with the opening through the washer of
smaller diameter than the pilot valve so as to provide
an abutment with which the pilot valve comes in con-
tact as it moves rearwardly away from the bleed outlet,
and a snap ring behind the washer and engaging a groove
in the counter-bore for holding the washer in place, the
length of the axial bore from the forward end to the
washer exceeding the length of the pilot valve by a dis-
stance substantially greater than the length of the lost
motion in the connection between the pilot valve and the

- reciprocating element of the motor means.

5. A pilot-controlled valve including a one-piece valve
housing enclosing a cylindrical chamber having an out-
let passage at one end, an annular shoulder in the cham-
ber around the upstream end of the outlet passage, an
inlet opening through a side wall of the cylindrical cham-
ber intermediate the ends of the chamber, a main valve




element located in the chamber and having forward and
rearward portions of one-piece construction located in
the chamber forward and rearward, respectively, of the
inlet opening and fitting the chamber with a running fit
for movement therein toward and from the annular shoul-
der, the valve element having a body with an axial bore
therein from the rearward end and a bleed outlet of
smaller cross section than the bore at the front end of
the valve element and through which the bore communi-
cates with the outlet passage, the rearward portion of
the valve element operating within the cylindrical cham-
ber as a piston, a pilot valve that slides back and forth
in the bore between forward and rearward positions, and
in the forward pesition of which it closes the bieed out-
let through the front of the valve element, the pilot valve
having a rearward face exposed to the pressiire from be-
hind the rearward portion of the valve element, fand be-
ing held in its forward closed position by said pressure,
whereby increase in pressure on the back of the valve
clement holds the pilot valve in closed position with
greater force,§ the valve element having a port opening
through one side thereof and into the chamber at a lo-
cation between the forward and rearward portions of
the valve element whereby one end of said port opening
is subject to the direct pressure from said inlet opening,
the port communicating with the bore at a location which
is uncovered by the pilot valve when the pilot valve is in
its forward position and which is covered by the pilot
valve when said pilot valve is in its rearward position,
and operator-controlied means for moving the pilot valve
into its rearward position in the bore to cover said port
and stop the flow of gas at inlet pressure into the bore
and the chamber space rearward of the valve element,
said pilot valve in said rearward position leaving the
blecd outlet in the front of the valve element open for
the escape of fluid from the bore to the outlet of the
valve chamber.

6. The pilot-controlled valve described in claim 5, and
in which the assembly includes an electro-magnetic motor
having a housing secured to the valve housing and closing
the rearward end of the cylindrical chamber, the motor
housing having a cylindrical portion that fits into the
rearward portion of said chamber with a smooth face of
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the motor housing confronting a smooth face of the
chamber rearward of the valve element to center the
motor housing, threaded connecting means beyond said
cylindrical portion of the motor housing connecting the
housing together, the motor having a reciprocating ele-
ment operating in a clearance that constitutes a continu-
ation of the chamber behind the main valve element,
sealing means between the motor housing and the valve
housing and out of contact with moving parts of the
valve assembly, and motion transmitting connection be-
tween the motor and the pilot valve for moving the pilot
vaive rearwardly in the bore to the location where the
pilot valve covers said port and leaves the bleed outlet
in the front of the valve element open for the escape of
fluid from the bore to the outlet of the valve chamber.
7. In the pilot-controiled valve described in claim 6,
the improvement of a plunger of the electro-magnetic
motor operating with running clearance in a guide which
is closed at its rearward end, and slots in the sides of the
plunger extending lengthwise of the plunger for the
escape of air from the closed space behind the plunger.
8. The pilot-controlled valve described in claim 6 and
in which said other sealing means are between the smooth
face of the motor housing and the confronting smooth
face of the chamber rearward of the valve element.
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