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3,443,583
HIGH IMPACT PRESSURE REGULATOR
James E. Webb, Administrator of the National Aero-
nautics and Space Administration, with respect to an in-
vention of Albert Topits, Jr., Altadena, Elmer L. Floyd,
(Iialigrescenta, and John E. Biles, Jr., Sierra Madre,
alif,
Filed Nov. 27, 1967, Ser. No. 685,787
Int. Cl. F16k 31/165, 41/00; F01b 19/02
U.S. Cl. 137—505.12 2 Claims

ABSTRACT OF THE DISCLOSURE

An jmpact resistant pressure regulator having a mini-
mum number of lightweight movable elements. The
movable elements of the regulator are integrally con-
nected to each other and to the regulator housing for
reducing misalignment and damage to the regulator upon
impact. The regulator contains two pressure chambers in
fluid communication with each other. The entrance to
each pressure chamber is valved and one wall of each
pressure chamber comprises a thin metallic diaphragm.
Each diaphragm is connected to the valved entrance and
has a predetermined inherent biasing force so that when
the pressure in each chamber overcomes the biasing force
of the diaphragm the valved entrance to the respective
chamber is closed. The diaphragms are the only biasing
elements in the regulator.

Origin of the invention

The invention described herein was made in the per-
formance of work under a NASA contract and is subject
to the provisions of Section 305 of the National Aero-
nautics and Space Act of 1958, Public Law 85-568 (72.
Stat, 435; 42 USC 2457).

Background of invention

Existing two stage pressure regulators have been found
to be unsatisfactory for use in high impact applications,
such as in the hard landing systems of space vehicles and
in impact scannographs, because they normally include
several movable parts which have a high mass. At impact,
the momentum of the movable portions of those regula-
tors is so great that the yield strength of the movable
parts is exceeded and they are permanently deformed or
misaligned in the regulator. In particular many of these
prior art multiple stage pressure regulators include coil
spring biased diaphragms and encapsunlating chambers
for the coil spring. Normally such coil springs are posi-
tioned in their encapsulating chambers without being
fixedly connected to the diaphragm so that at high im-
pact the coil spring is jarred out of proper alignment
thereby disrupting the regulator setting or completely
ruining the regulator.

Summary of invention

This invention relates to a two stage step-down pres-
sure regulator having a high impact resistance. The regu-
lator includes a housing having a first stage pressure
chamber therein. An inlet port in the housing connects
the first stage chamber to a source of high pressure fluid.
Fluid flow into the chamber is interruped by the regulator
when the pressure in the chamber exceeds a predeter-
mined level. This is accomplished by the use of a mecha-
nism including a biasing member integrally connected
to the housing and having a surface thereof communicat-
ing with the chamber. The first stage pressure chamber
communicates with a second stage pressure chamber so
that fluid flows from the first stage pressure chamber into
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the second. A second biasing member is included in a
mechanism in the second stage chamber for interrupting
fluid flow from the first stage chamber into the second
stage chamber, The second biasing member is also in-
tegrally connected to. the housing and has a surface which
communicates with the second stage chamber. An outlet
port is provided from the second stage chamber.

More particularly each stage of the regulator includes
a cylindrical pressure chamber having a valued entrance
therein in fluid communication with a high pressure
source. One end wall of each of the pressure chambers
comprises an inherently resilient diaphragm which is
rigidly connected to the chamber side walls and to a
valve stem. The valve stem extends through a valve seat
which forms the other end of each of the chambers, A
valve head is mounted on the end of each valve stem
protruding from the chambers. The diaphragms normally
bias the valve heads out of sealing relationship with the
valve seats so that the entrance into each pressure cham-
ber is open. When the pressure in either of the pressure
chambers exceeds a predetermined value, which may be
set by adjusting the distance of the valve head from its
seat, the diaphragm is forced outwardly against its in-
herent biasing force thereby pulling the valve head into
sealing relationship with the seat and closing the en-
trance to the chamber. The only movable parts in each
stage of the two stage regulator thus comprise the light-
weight inherently resilient diaphragm and the valve mem-
ber.

The ability of the two stage regulator of this invention
to withstand high impact is increased in two ways. Since
the only movable elements of each pressure chamber
comprise the valve member and the diaphragm, the total
mass and the momentum on impact are much lower than
prior art regulators. Since the diaphragms are fixedly at-
tached to the regulator housing and to the valve stem and
no biasing coil springs are employed, at impact there
can be no misalignment of the movable parts of the
regulator,

Description of preferred embodiment

A better understanding of this invention may be had
from the following description of the preferred embodi-
ment as shown in the accompanying drawings wherein:

FIG. 1 is a plan view of a two stage pressure regulator
constructed in accordance with this invention; and

FIG. 2 is a transverse sectional view of the pressure
regulator taken substantially along line 2—2 of FIG. 1.

As shown in FIG. 1, the pressure regulator of this in-
vention comprises a housing 10 having apertured brackets
12 thereon for mounting the regulator. As shown in FIG.
2, the housing 10 encloses two open ended cylindrical
pressure chambers 14 and 16 joined by a passage 17. The
first stage pressure chamber 14 is in fluid communication
with a high pressure, smaller diameter inlet passage 18
in the housing. The chamber 14 is enclosed by means of
an annular valve seat 20, an annular valve guide 22, an
annular diaphragm 24, a flanged retaining nut 26 and a
valve member 28 which is adapted to move into sealing
relationship with the seat 20.

The valve seat 20 is preferably constructed of a resil-
jent, impermeable material such as Teflon or Mylar. An
annular groove 39 is provided on the valve seat for snap-
ping it into position on a mating tongue 32 on the housing.
The valve seat 20 is maintained in fluid tight relationship
with the housing 10 by means of the valve guide 22 which
may be press-fitted, welded, or otherwise fixedly mounted
on an annular step 33 in the housing 10 as shown in
FIG. 2. The seat 20 and guide 22 carry aligned central
bores 34 and 36 respectively. The bore 36 of the guide
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22 is stepped with the larger diameter portion 37 being
adjacent to the seat 20 and communicating with the cham-
ber 14 through an inlet port 38 in the guide 22.

The valve member 28 comprises a valve head 40, a
valve stem 42, and a threaded end portion 44. As shown
in FIG. 2, the valve head 40 includes a conical seat en-
gaging surface 46 and a slotted cylindrical end portion
48. The valve stem 42 passes through apertures 34 and
36 in the valve seat and the valve guide and the threaded
end portion 44 is threadedly engaged in a fluid tight man-
ner in the retaining nut 26. The threaded connection may
be maintained fluid tight by use of an appropriate sealant
or thread structure.

The diaphragm 24 is a thin centrally apertured disc
of a lightweight inherently resilient material, Stainless
steel has been found to have a good strength to weight
ratio and resiliency for use as the diaphragm. For exam-
ple, the diaphragm may be stamped from thin gage AISI
Type Nos. 420 or 440A stainless steel or other instrument
type stainless steel.

The diaphragm is provided with concentric annular
stepped reinforcing grooves 25 for added resilience and
strength, The combined weight of the diaphragm 24, the
retaining nut 26 and the valve member 28 is maintained
at a minimum by welding the diaphragm 24 to the hous-
ing 10 and to the retaining nut 26 in a fluid tight weld
e.g. in the helium arc process. In this manner the dia-
phragm 24, the retaining nut 26 and the valve member
28 form a single lightweight unitary movable member in-
tegrally connected to the housing 10.

The second stage pressure reduction chamber 16 is
formed in substantially the same manner as the first stage
chamber 14. The chamber 16 is provided with a resilient
valve seat 52, a valve guide 54, a diaphragm 56, a threaded
valve member 58 and a flanged valve member retaining
nut 60. The pressure chamber 16 is also in fluid com-
munication with an outlet port 62. A threaded bore 64
communicates with the passage 17 and atmosphere, as
shown in FIG. 2, and the bore 64 is sealed by means of
a hollow threaded screw plug 66 and an O-ring 68. When
fully advanced in the threaded bore 64, the screw plug
66 compresses the O-ring 68 into fluid tight relationship
with the housing. The screw plug 66 also fits about the
valve member 58 for protecting it from accidental mis-
adjustment and for properly aligning the valve member
during operation and at impact.

The diaphragm 56 is of similar configuration to the
diaphragm 24 and may be constructed of the same type
materials for welding to the housing and the retaining
nut. The diaphragm 56, however, is made more flexible
and more pressure sensitive than the diaphragm 24, as
by using a thinner gauge material, so that the biasing
force of the diaphragm 56 is lower than that of the dia-
phragm 24,

In operation of the high impact resistant pressure regu-
lator of this invention, the valve head 40 is unseated from
the valve seat 20 by the inherent biasing force of the
diaphragm 24. A high pressure fluid is admitted into the
pressure chamber 14 through the inlet 18, the bore 34
the enlarged portion 37 of bore 36, and the port 38, As
the pressure in the chamber 14 builds up to a pressure
which overcomes the biasing force of the diaphragm 24,
the diaphragm is forced outwardly against its inherent
biasing force to pull the conical surface 46 of the valve
28 into sealing engagement with the seat 20, thereby in-
terrupting fluid flow into the chamber 14. When the pres-
sure in the chamber 14 is reduced below the inherent
biasing force of the diaphragm 24, due to flow of fluid
from the chamber 14 through the outlet port 17 into the
chamber 16, the conical surface 46 of the valve head 40
is again forced out of sealing relation with the seat 20
by the resilience of the diaphragm 24 to permit addi-
tional high pressure fluid to flow into the first stage cham-
ber. In this manner, the pressure of fluid flowing in the
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4
sponding to the inherent biasing force of the diaphragm
24,

The fluids leaving the chamber 14 through the outlef
port 17 enter the pressure chamber 16 through the respec-
tive bores and ports in the valve seat 52 and the valve
guide 54.

The pressure regulating valve mechanism of the cham-
ber 16 operates substantially the same as that described
with respect to the chamber 14. When the biasing force
of the diaphragm 56 is overcome by the pressure of fluids
in the chamber 16, the diaphragm is forced away from the
seat 52 thereby pulling the valve member 58 into fluid
tight relationship with the valve seat. The diaphragm 56,
as previously explained, has a lower biasing force than
the diaphragm 24 and thus closes the valve 58 in response
to a lower pressure in the second stage chamber 16. Thus
the pressure of fluids in the second stage chamber 16 and
exiting through exhaust port 62 is significantly less than
the pressure of the fluids in the first stage chamber 14,
in the inlet 18 and exiting through passage 17 into cham-
ber 16. Fluid flow through the first and second stage
pressure chambers may be regulated by threadedly ad-
justing the position of the valve member in its respective
retaining nut. For example, the position of valve member
28 may be threadedly adjusted by the use of a screw-
driver in the slotted end of the valve head 40.

The regulator, as described, has been found to be ca-
pable of handling input pressures from 200 to 2000 p.si.g.
Diaphragm 24, accordingly, is preferably set to seat valve
head 40 at a pressure of between 100 and 150 p.s.i.g. and
diaphragm 56 is preferably constructed to seat valve 58
at a pressure of about 80 p.s.i.g. Any desired pressure
settings may be used, however.

The high impact regulator of this invention has been
found to be capable of withstanding an impact of 15,000
g. for a period of 2 milliseconds without damage to either
the movable or stationary portions of the valve mech-
anisms and pressure chambers. Since the regulator hous-
ing, the diaphragm and the valve member in each cham-
ber are all integrally connected by weldments and screw
threads into unitary movable portions, the regulator is
able to withstand these extreme impact pressures without
danger of misalignment or damage caused by the mov-
able members. Additionally by the use of inherently resil-
ient diaphragms in the place of the coil springs, the masses
of the movable portions of the regulator have been main-
tained exceptionally small for the amount of pressure
reduction attained and the potential for doing damage at
impact has been greatly reduced.

While a preferred embodiment of the improved regula-
tor has been disclosed in detail, the scope of the inven-
tion is intended to be limited only by the appended-claims.

What is claimed is:

_1: A two stage impact resistant pressure regulator com-
prising:

a regulator housing;

a first pressure chamber defined in said housing;

an inlet port defined in said housing communicating

with said first chamber and adapted to communicate
with a source of high pressure fluid;

means for interrupting fluid flow into said first pressure

chamber when the pressure in said chamber exceeds
a predetermined level, said interrupting means in-
cluding means defining a valve seat aligned in coaxial
alignment with said inlet port, a first valve member
adapted to be seated in said seat for sealing said
inlet port, and a first resilient diaphragm character-
ized by a first biasing force connected with said valve
member and adapted to apply a first valve unseating
first pressure to said valve member integrally con-
nected to said housing and having a surface thereof
communicating with said chamber;

a second pressure chamber in said housing communi-

cating with said first chamber;

means for interrupting fluid flow from said first cham-
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ber into said second chamber when the pressure in
said second chamber exceeds a predetermined level
including means defining a second valve seat disposed
between said first and second pressure chambers, a
second valve member adapted to be seated in said
second valve seat for interrupting communication be-
tween said first and second chambers, and a second
resilient diaphragm characterized by a second biasing
force connected with said second valve member
adapted to apply a valve unseating second pressure
relatively lower than said first pressure to said second
valve member for establishing communication be-
tween said chambers integrally connected to said
housing and having a surface thereof in fluid com-
munication with said second chamber; and

an outlet port communicating with said second pres-
sure chamber.

2. A two stage impact resistant pressure regulator com-

prising:

(A) aregulator housing;

(B) means defining a first pressure chamber within
said regulator housing;

(C) an inlet port defined in said housing communicat-
ing with said first pressure chamber and adapted to
communicate with a source of high pressure fluid for
establishing a pressurized flow of fluid into said first
chamber;

(D) a first interrupting means for interrupting an
established flow of fluid into said first pressure cham-
ber when the pressure in said first chamber exceeds
a predetermined level, said interrupting means in-
cluding:

(1) a bored valve seat mounted in said first cham-
ber adjacent said inlet port;

(2) a bored valve guide member mounted in said
first chamber disposed adjacent to said valve
seat in coaxial alignment therewith and con-
nected to said housing for retaining the valve
seat in fixed position in said housing;

(3) a biasing means comprising a centrally bored
resilient disc including concentric corrugations
formed therein, said disc being integrally con-
nected with said housing and forming one wall
of said first chamber; and

(4) an elongated valve member including means
defining a valve seat at one end thereof, pro-
jected into said inlet port a body extending from
the head through said valve seat and said valve
guide member, whereby alignment of said valve
member is caused to be maintained and said
valve head is caused to project into said inlet
port, and a screw-threaded opposite end por-
tion extending into the bore of said resilient
disc;

(E) a first screw-threaded retainer nut connected with
said first resilient disc and disposed about the bore
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at the central portion thereof for adjustably receiv-
ing and retaining said opposite end of said first
valve member;

(F) means defining a second pressure chamber com-
municating with said first chamber in said housing,
whereby a flow of fluid may be established there-
between;

(G) a second interrupting means for interrupting a
flow of fluid from said first chamber into said second
chamber when the pressure in said second chamber
achieves a predetermined level comprising a second
valve mechanism disposed in said second chamber
including:

(1) abored valve seat;

(2) a bored valve guide mounted in said housing
adjacent said valve seat;

(3) a centrally bored resilient disc having concen-
tric corrugations formed therein, said disc being
integrally connected with said housing and form-
ing one wall of said second pressure chamber;
and

(4) an elongated valve member including means
defining a valve head at one end thereof pro-
jected outwardly from said second chamber, a
valve body extending through said valve seat
and said valve gunide member whereby align-
ment of said valve member is caused to be
maintained, and said valve head is caused to
project outwardly from said valve seat, and a
screw-threaded opposite end portion extending
into the bore of the resilient disc;

(H) a second screw-threaded retainer nut integrally
connected with the disc of the second valve mecha--
nism and disposed about the bore at the central por-
tion thereof for adjustably receiving and retaining
said opposite end of valve member of said second
valve mechanism;

(I) means comprising a hollow plug defining a valve
head path therein adapted to maintain said head in
proper alignment; and

(I) an outlet port communicating with said second
chamber adapted to discharge fluid from said reg-
ulator.
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