
United States Patent (19) 
Mack 

54 ELECTRO-PNEUMATIC DEVICE 
(75) Inventor: Richard B. Mack, Woodbridge, 

Conn. 

73) Assignee: Northeast Fluidics, Inc., Bethany, 
Conn. 

22) Filed: Feb. 22, 1973 
21 Appl. No.: 334,845 

Related U.S. Application Data 
63 Continuation-in-part of Ser. No. 186,247, Oct. 4, 

1971, abandoned. 

52 U.S. Cl............... 251/30, 137/625.64, 251/130, 
251/139, 251/141 

(51 Int. Cl........................ F16k 31/02, F16k 31/40 . 
58 Field of Search....... 251/14, 30, 130, 139, 141; 

137/625.64, 625.65 

(56) References Cited 
UNITED STATES PATENTS 

3,443,582 5/1969 Linden.............................. 251730 X 
3,516,441 6/1970 McCormick............... 137/625.64 X 
3,586,287 6/1971 Knobel............................ 251/139 X 
3,598, 152 8/1971 Andrews............. .......... 1371625.61 

74 6c. \Ab 

2A-2 

(11 3,817,488 
(45) June 18, 1974 

FOREIGN PATENTS OR APPLICATIONS 
1228,782 4/1971 Great Britain........................ 25/30 

Primary Examiner-Alan Cohan 
Assistant Examiner-Gerald A. Michalsky 
Attorney, Agent, or Firm-Kenyon & Kenyon, Reilly, 
Carr & Chapin 

(57) ABSTRACT 
An air valve or other control device actuated by con 
trol of escaping air has a magnetizable shell forming a 
core, a bottom wall and a cylindrical side wall; the 
core having a passage for the escaping air, terminating 
with a nozzle and being surrounded by a solenoid. A 
metal armature disk of great flexibility has a periph 
eral portion rigidly engaging the end of the shell wall 
and a portion which is attracted to the core to close 
the nozzle when the solenoid is energized. Optionally, 
a non-magnetic diaphragm covers the armature and is 
enclosed by a chamber having an inlet for signal air 
under light pressure such as used by fluidic circuitry. 
Therefore, the device may be actuated by either a flu 
idic or electrical signal. 

11 Claims, 5 Drawing Figures 
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ELECTRO-PNEUMATIC DEVICE 

This application is a continuation-in-part of applica 
tion Ser. No. 186,247, now abandoned, filed Oct. 4, 
1971 in the name of the present applicant. 
This invention relates to an electro-pneumatic con 

trol device which may be actuated by fluidic or electri 
cal signals. 

It is particularly concerned with improving air valves 
of the type actuated by control of escaping, or bleed 
ing, air, one object being to effect this control electri 
cally by using an electrical signal of very small power 
while obtaining extremely rapid operation and high fre 
quency response of the control operation. Another ob 
ject is to attain the just stated object while providing for 
alternate operation of the valve by a pneumatic signal 
of the nature used by fluidic circuitry. 
A specific example of the invention is illustrated by 

the accompanying drawings in which: 
FIG. 1 is a vertical section; 
FIG. 2 is a cross section taken on the line 2-2 in 

FIG. 1; 
FIGS. 3 and 4 are schematic representations of the 

FIG. 1 vertical section illustrating the operational pha 
ses; and 
FIG. 5 is a vertical section showing a modification. 
In this specific example a cylindrical body 1 has an 

inlet port 2 and an outlet port 3 and contains the valv 
ing mechanism. 
This mechanism includes a first air chamber 4 with 

which the inlet 2 connects so that this chamber receives 
working pressure air introduced to the inlet by any suit 
able connection. This chamber also connects with the 
outlet 3 which delivers the working pressure air 
through a suitable connection for use as exemplified by 
operating a pneumatic power device. The connection 
between the first air chamber 4 and the outlet 3 is 
under the control of a reciprocating poppet valve 5 
having a surface 6 receiving the pressure in the first air 
chamber 4 over a predetermined area fixed by the di 
ameter of the surface 6. The air pressure in the first air 
chamber 4 acts against this surface 6 to keep the pop 
pet valve 5 normally closed. 
The mechanism further includes a second air cham 

ber 7 and a passage means 8 for interconnecting the 
chambers so that this second chamber receives the air 
pressure in the first chamber 4. Reciprocating means in 
the form of a flexible non-metallic diaphragm 9 re 
ceives the air pressure in the second chamber 7 over a 
predetermined area larger than the area provided by 
the surface 6 of the poppet valve 5 and operates 
through a stem 10 to open the poppet valve 5. In other 
words, the diaphragm 9 has a larger piston area then 
the surface 6 of the poppet valve 5 so that the air pres 
sure in the chamber 7 can force the poppet valve 5 
open. The stem 10 has a longitudinal passage forming 
the previously mentioned means 8. To keep the poppet 
valve 5 normally closed under the air pressure acting 
on its surface 6, the chamber 7 is provided with a con 
trollable air escape or bleeding means. While air is es 
caping from this chamber 7, the pressure in this cham 
ber cannot develop to a degree forcing the poppet 
valve 5 to open. 
This valving machanism is described briefly because 

it is a part of the prior art and should be familiar to any 
one familiar with such small control valves. The prior 
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2 
art valves have used both pneumatic and electrical 
means for controlling the escaping air. 
The diaphragm 9 may also actuate a poppet valve 9a 

which closes when the poppet valve 5 opens and vice 
versa, permitting the outlet 3 to be connected to an ex 
haust port 3a when desirable. In FIG. 1 this port 3a is 
connected with the space 11 surrounding the valve 9a 
and cannot be seen, but it is represented in schematic 
FIGS. 3 and 4. 
According to the present invention, a magnetizable 

core 12 has an axial passage 13 connecting at one end 
with the second chamber 7 and having a magnetizable 
flow-restrictive nozzle 14 at its other end through 
which the air escapes from this chamber 7. An electri 
cal solenoid 15 encircles the core 12 and a magnetiz 
able armature disk 16 is positioned substantially in a 
plane at right angles to the nozzle and core and spaced 
a small distance therefrom. This armature disk has a 
central portion for engaging and substantially closing 
the nozzle against the escape of air therefrom when the 
solenoid 15 is energized, thus permitting pressure to 
build in the chamber 7. 
The core 12 is formed by a cylindrical magnetizable 

shell, the core being cylindrical and centrally posi 
tioned and at the core's end remote from the armature 
disk, the shell has a bottom or end wall 17 surrounding 
the core and a cylindrical side wall 18 extending to an 
edge 19 contacting the periphery of the armature disk 
16 so that when the solenoid 15 is energized a magnetic 
circuit is formed which is closed when the armature 
disk portion engages the nozzle 14. The parts 12, 17, 
18 and 19 are preferably made integral with each other 
as is the nozzle 14, and the material used should not 
permanently retain magnetism when the solenoid is de energized. 
The armature disk 16, as shown by FIG. 2, has a flat 

contral portion 16a for engaging and closing the nozzle 
14, a flat peripheral portion 16b for contacting the 
wall's edge 19, these portions being radially spaced 
from each other, and flat arms 16c which are all curved 
to the same radius about the disk's center and intercon 
nect the portions 16a and 16b. The disk is circular and 
is completely flat with all of the mentioned portions 
and arms in a single flat plane. The arms 16c are in the 
form of flat strip-like members. The disk 16 is formed 
from a single flat piece of extremely thin metal in the 
order of 0.006 inch thickness. It is not stamped from 
sheet metal of this thickness because this would inter 
fere with complete flatness and induce strain in the 
crystalline microstructure. Therefore, magnetizable 
sheet metal is used in the order of the thickness men 
tioned and which is initially free from strain, the metal 
being removed as required to form the portions and 
arms previously described, by etching away the metal 
so that the armature disk is correspondingly free from 
strain with its flatness undistorted. The spacing be 
tween the outer end of the nozzle 14 and the armature 
disk 16 is very small, being in the order of 0.005 inch 
spacing. Because of the small thickness of the armature 
disk metal and the long arms 16c the spring rate of the 
portion 16a is very low. The armature metal should also 
be incapable of permanently retaining magnetism. 
With the solenoid 15 de-energized, the air escapes 

from the chamber 7 through the nozzle 14 and to the 
atmosphere by way of porting 20. Because of the shell 
construction and the almost completely closed mag 
netic flux path due to the engagement of the armature 
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disk peripheral portion 16b with the wall's edge 19, this 
edge actually being a flange, very little electrical power 
is required to cause the central portion 16a of the ar 
mature disk to engage and close the nozzle 14. When 
this occurs, the air pressure in the chamber 7 builds up 
extremely rapidly and switches the poppet valve 5 from 
its closed to its open position, the poppet valve 9a 
simultaneously closing. A maximum of 0.5 watts of 
electrical energy is all that is required to actuate the so 
lenoid to effect this switching at the solenoid's rated 
voltage. The switching time is extremely short because 
of the very low mass of the moving portions of the ar 
mature disk and their very short stroke. High frequency 
response is obtained; there are no sliding parts and no 
wear will result from repeated operation. When the so 
lenoid is energized, the very small air gap in the magnet 
flux circuit is closed so that the holding power require 
ment on the part of the solenoid is thereafter very 
small. 
To provide for pneumatic operation, a thin non 

metallic diaphragm 21 is superimposed on the arma 
ture disk 16 on its side opposite to the core 12. FIG. 1 
is drawn on an enlarged but closely proportional scale 
to the actual device and FIGS. 3 and 4 are provided 
schematically to show the disk 16 and the diaphragm 
21, which cannot be accurately represented in FIG. 1. 
The cylindrical body 1 has a cylindrical recess 22 in 
which the solenoid and its magnetic structure are lo 
cated with the circular disk 16 and the diaphragm 21 
resting on the flange 19 of the magnetic structure and 
slidingly removable from the recess 22. To retain these 
two parts in position and to form an air chamber 23, the 
body has a circular end wall having a peripheral flange 
24 which holds the disk and diaphragm in position be 
cause this end wall is retained by a snap ring 25 in the 
end of the body's recess 22. The chamber 23 is ex 
tremely small and is provided with an inlet port 26 to 
which a fluidic signal may be applied to operate the 
valve as an alternate to electrical operation. Because of 
the flexible construction of the armature disk and dia 
phragm, a very sensitive pneumatic operation is possi 
ble for the applicable reasons previously explained. 
To permit the use of the extremely sensitive armature 

disk, the core 12 has a raised wall 14a surrounding the 
nozzle 14, this wall 14a supporting the disk portion 16a 
and avoiding what would otherwise be a substantially 
point contact with this portion 16a by the nozzle 14. 
The wall 14a assists in providing a much better mag 
netic flux path than would be possible if the nozzle 14a 
projected from a flat ended core or pole piece. In the 
latter instance the nozzle would of necessity maintain 
a space between the armature disk portion 16a and the 
end of the core or pole piece. 

In addition to the exaggerated scale made possible by 
the schematic representations of FIGS. 3 and 4, they 
show the two operational phases. In FIG. 3 the valve 
mechanism is closed to working pressure because the 
solenoid is de-energized and there is no fluid signal ap 
plied to the port 26. In FIG. 4 the armature disk is clos 
ing the nozzle 14 because the solenoid is energized or 
a pneumatic signal is received, the fluid in the chamber 
7 from the chamber 4 in this case being received by the 
diaphragm 9 of larger piston area than that of the sur 
face 6 of the poppet valve 5, the latter accordingly 
being switched to its open position. Because of the thin 
non-metallic diaphragm 21 which renders the armature 
disk impermeable to air, a fluid signal applied to the 
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4 
port 26 also switches the valving mechanism to open 
position. 
Throughout the foregoing, reference has been made. 

to air because it is usually used in fluidic circuitry and 
as power to work pneumatic devices. However, any gas 
can be accommodated by the invention. 

It is to be understood that the body 1 and all of the 
parts referred to herein are cylindrical and positioned 
concentrically with respect to each other for a bal 
anced operation. This applies to the magnetic struc 
ture, the solenoid, the armature disk and diaphragm, 
and the chamber 23 and its port 26. For convenience 
of manufacture and appearance, the body 1 is cylindri 
cal as can be seen from FIG. 2; and, of course, the re 
cess 22 is also cylindrical. 

In the modification shown by FIG. 5, the diaphragm 
21 is eliminated as it would be when pneumatic opera 
tion is not desired and the device is to be operated by 
an electric signal only. In addition, the armature disk 
nozzle closing portion 16a is thicker than the elastically 
flexible annular portion formed by the arms 16c. By 
making this portion 16a thicker, there is a stronger flux 
path adjacent to the core 12. Such thickening is ef 
fected by laminating a magnetizable disk 27 to the noz 
zle-closing disk portion 16a. This does not interfere 
with the desired great flexiblity because the disk 27 has 
a diameter substantially the same as the diameter of the 
flat nozzle-closing portion 16a of the armature disk. 
This disk 27, therefore, does not extend so as to inter 
fere with the flexibility of the arms 16c. 

In addition, in this modification of FIG. 5a magnetiz 
able annular plate 28 covers the solenoid 15. This plate 
has an outer periphery 28a contacting the inside of the 
cylindrical side wall 18 of the magnetizable shell, and 
an inner periphery 28b adjacent to but radially spaced 
from the core 12 and which is overlapped by the arma 
ture disk's thickened nozzle-closing portion. The plate 
28 has a flange 28c forming its inner periphery 28b and 

0 which extends upwardly so as to be flush with the raised 
wall 14a of the core 12, the nozzle 14a having its orifice 
positioned very slightly above this level as before. 
With the above arrangement when the solenoid 15 is 

energized, a magnetic circuit is formed from the wall 
18 through the plate 28, which covers the solenoid, and 
through this plate's flange 28c and the thickened noz 
zle-closing portion of the armature disk to the core wall 
14a. In other words, the magnetic circuit is largely 
shunted around the very thin flexible annular portion 
formed by the disk's curved arms 16c, thus providing 
a flux path having the capacity for a much higher or 
greater flux density so that the solenoid 15 requires 
even less current to hold the armature disk in its closed 
position. The chance for the armature disk to become 
magnetically saturated is reduced if not eliminated. 
The armature disk, of course, carries some of the flux 
in the same way that it did before in the case of the con 
struction shown by FIG, 1. 
The venting port 20 of the construction described be 

fore is in this instance not required since there is a flow 
path through the disk's arms 16c and the port 26, be 
cause the diaphragm 21 is not used. The solenoid cover 
plate 28 may be retained by being press-fitted in the 
wall 18, the armature disk's periphery being rigidly po 
sitioned as described before. If desired, the port 20 and 
the opening through which the solenoid conductors ex 
tend may act as a convenient way to fill the recess 22 
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with potting compound 29, the recess being upwardly 
closed by the plate 28. 

In this modification the nozzle 14b is shown as an in 
sert in the core 12 so that it may be made of non 
magnetic material if desired. This insert concept may 
be used in the construction shown by FIG. 1. 

It can be seen that in all of the constructions shown 
a substantially closed magnetic circuit is formed when 
the solenoid 15 is energized. In the construction of 
FIGS. 1 through 4 the circuit is through the arms 16c 
of the armature disk; in the form shown by FIG. 5 the 
flux path is greatly increased by the thick disk 28 and 
the armature disk thickening obtained by the disk 27 
laminated on the nozzle-closing portion 16a of the ar 
mature disk. 
What is claimed is: 
1. An electro-pneumatic control device including a 

first air chamber having an inlet for air under pressure 
and an outlet for this air, a reciprocating valve for said 
outlet, reciprocating means for receiving the pressure 
in said chamber over a predetermined area for closing 
said valve by this pressure, a second air chamber, 
means for interconnecting said chambers so that said 
second chamber receives the air pressure in said first 
chamber, reciprocating means for receiving the air 
pressure in said second chamber over a predetermined 
area larger than said first area for opening said valve by 
this pressure, and a controllable air escape means for 
said second chamber; wherein the improvement com 
prises said air escape means including a magnetizable 
core having an axial passage connecting at one end 
with said second chamber and having a nozzle at its 
outer end through which the air escapes from this sec 
ond chamber. an electric solenoid encircling said core, 
and a magnetizable armature disk positioned substan 
tially in a plane at right angles to said nozzle and core 
and spaced a small distance therefrom and having a 
nozzle-restricting portion movable towards said nozzle 
a distance restricting the escape of air therefrom when 
said solenoid is energized, said disk having a peripheral 
portion which is rigidly positioned and an elastically 
flexible annular portion between this peripheral por 
tion and said nozzle-restricting portion; said core being 
formed by round magnetizable shell having said core 
centrally positioned and at the core's end remote from 
said armature disk having an end wall surrounding the 
core and a round side wall extending to and contacting 
said peripheral portion of said armature disk so that 
when said solenoid is energized a magnetic circuit is 
formed which is substantially closed when said arma 
ture disk nozzle-restricting portion is moved for at least 
the second said distance towards said nozzle. 

2. The device of claim 1 in which the armature disk's 
said nozzle-restricting portion is thicker than its said 
annular portion to provide an increase in the magnetic 
flux adjacent to said core of said magnetic circiut. 

3. The device of claim 1 in which a magnetizable an 
nular plate has an outer periphery contacting the shell's 
said side wall and an inner periphery adjacent to but ra 
dially spaced from said core adjacent to said nozzle, 
said inner periphery being overlapped by the disk's said 
nozzle-restricting portion, said plate being thicker than 
said annular portion. 
4. The device of claim 1 in which the armature disk's 
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6 
said nozzle-restricting portion is a flat round central 
portion, said peripheral portion is flat and contacts said 
wall's end edge, said portions being radially spaced 
from each other, and said flexible annular portion is 
formed by flat arms all curved to the same radius about 
said disk's center and interconnecting said nozzle 
restricting and peripheral portions, said disk being flat. 

5. The device of claim 4 in which said disk is formed 
from a single flat piece of extremely thin metal in the 
order of 0.006 inch thick with its metal removed by 
etching to form said portions and arms so that the flat 
ness of the metal is unaffected. 

6. The device of claim 4 in which the armature disk's 
said nozzle-restricting portion is thicker than its said 
annular portion to provide an increase in the magnetic 
flux of said magnetic circuit adjacent to said nozzle and 
COe. 

7. The device of claim 4 in which a magnetizable an 
nular plate has an outer periphery contacting the shell's 
said side wall and an inner periphery adjacent to but ra 
dially spaced from said core adjacent to said nozzle, 
said inner periphery being overlapped by the disk's said 
nozzle-restricting portion, said plate being thicker than 
said annular portion. 

8. An air valve of the type actuated by control of es 
caping air and comprising a cylindrical body containing 
valving mechanism and having inlet and outlet air 
ports, said body containing a cylindrical magnetizable 
shell concentrically forming a core, an annular flat bot 
tom wall and a cylindrical side wall extending in the di 
rection of the core and the latter concentrically having 
a passage for the escaping air and terminating with a 
concentric nozzle, said body having a cylindrical wall 
extending beyond the end edge of said magnetizable 
side wall and an end wall having an air inlet, a superim 
posed non-metallic diaphragm and a thin circular metal 
armature disk between said body's end wall and the 
ends of said core and side wall of said shell with said di 
aphragm on the side facing this shell's said end wall and 
close thereto and with said disk spaced very close to 
said nozzle and contacting the end of the side wall of 
said shell, and an electric solenoid in said shell encir 
cling said core. 

9. The device of claim 8 in which said armature disk 
has a flat round central portion for engaging said noz 
zle, a flat peripheral portion for contacting said wall's 
edge, said portion being radially spaced from each 
other, and flat arms all curved to the same radius about 
said disk's center and interconnecting said portions, 
said disk being flat with all of said portions and arms in 
a single flat plane. 

10. The device of claim 9 in which said disk is formed 
from a single flat piece of extremely thin metal in the 
order of 0.006 inch thick with its metal removed by 
etching to form said portions and arms so that the flat 
ness of the metal is unaffected. 

11. The device of claim 10 in which said diaphragm 
and disk have peripheral edges slidingly fitting the in 
side of said body's cylindrical wall and the latter's said 
end wall is removable and holds said diaphragm and 
disk by their peripheries against the end edge of said 
shell's side wall. 

sk xk k xk sk 


