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GAS PRESSURE REGULATING AND
‘SIGNALING ‘MEANS :

George .M. Deming, East Orange, N..J., .assignor
_to Air Reduction Company; Incorporated New
~York, N. X., a corporatlon of New York

Applwatmn Apnl 21,
.11 Claims.

“This unventmn relatessto llow—pressure signaling
j-*mea;ns, andmore Jespemally to pressure regulating
wand srgnahng :means. : Forexample, in: a:system
“for:supplying-gas -at regiilated pressure -or flow,
~{hesgas being-derived from.a source.of compressed
~gas subject o -exhaustion, it may:be desired to
“give-forewarning -of - approaching vexhaustion ‘of

the source. In this connection,:one purpose for
. =which'the invention may" ‘be-applied isto:give a
10 ~urse -or: other -attendant: sadequate and depend-
~gble warning that an-oxygenicylinder from:which
~pxygen-is being-administered-to.a patient: sshould
pe-replaced with -a full :eylinder, or thatthewvalve
of+a/ reserve-cylinder-already - connected with:‘the
apparatus ‘§hotild ‘be ‘opened.

“Fer this purpose, it-was recognized that if the
gigwaling device - was-not-so thoroughly depend-
“gble ‘that:its ‘proper performance could be: con-
~sidered- assured, the very ‘presence of the device

would involve :the danger of-oxygen depletion to
“the-patient, hecause a- moderately ‘high degree-of
~dependability: might-‘encourage the nurse to- rely
“tooentirely-on ‘the signal.

“Afber serious‘consideration. of various-electri~
~cally-operated: signals, it-was decided that none
~of ‘these would be stitable for use in ‘oxygen ther-
~apy;for-the Tollowing reasons: -Any bell:or huzzer
*4s'not ~mechanically --dependable -enough. *Any
“lamp-or:visible signal is iobjectionable :in ‘that a
. ¥igible signglis not-so likely to-arrest the-atten-
-itionof-‘the -attendant -as is-an audible 'signal.

Electrical contacts and: circuits-are not sufficiently
“immune-to-open circuit troubles. "-No ‘ecommercial
ilighting civeuit, or-even & battery; can’beviewed as
530, :sufficiently: dependable source of voltage. -Any
-électricg]l -connections, such-as-wires, extending
“from ‘the regulator to the-wall of the room ‘would
“*pe ‘objectiondble. "The: pos51b111ty .of -a signaling
sdevice -actuated by clockwork: was: also discarded
#0+-pecause, even if it could be 'made sufficiently :de-
iperidable-mechanically, it ‘would’be too much-de-

--pendentupon the human -element. :

Fromi the:study which resulted in'the’ develop-

“:ment-of ‘the-signaling ‘device herein ‘disclosed it
“45.wassconchded that the signal:should be an audi-

“ble’signal;-and that.a very ready-source -of energy
‘for-actuating thesignal was:the gas itself. Vari-
—ous-kinds 6f gas-actuated- ‘audible signals:may
be semployed; but considerable experimental: work
50 .was-required-before ‘the most satisfactory ‘solution
of the problem ‘was reached. “A- ‘whistle, for ex-
~ample; could-be used,but ~would-tise-considerably
> more-oxygen’ than would ‘he ‘desirable if the sig-
~ “nalwere to be sufficiently ‘audible. - It ‘was finally
661 found that-a-simple reed instrument, for-example
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“likethe pitch pipes used by musicians, was highly
~dependablefor the service:intended-and s0:eco-
-nomical of gas:that the amountused for.signal-
.ing’could ‘beiconsidered: to- be megligible; besides
‘being of simple structure. ‘Consequently,:in.addi- -

“tiom to the'incorporation.of & pressure responsive

" device: for: ‘determining ‘when ithe. signal.shall
sourid, “the - sighaling means -should preferably
-embody ‘a-pitch-pipe-or some-other simple- :and
dependable “wind ‘instrument” which-will-operate 10
satisfactorily: upon feeble: gas’ flows :and-be: loud
enough ‘to be-heard clearly” f,hroughout ‘@ large
ward.

A further .object of the invention isito prov1de
\a signal which willsounid -over :a ‘substartial pe-"
riod, preferably-of ithe‘order: of five or ten min-
‘utes; before the cylinderis exhausted, rather: tha,n

-sounding -only-briefly or thut:once.

“If after the starting.of the signal, the Spressure
in the region from which gas-isallowed to-escape
through ‘the signal is continually declining, as is
‘the --case <if “the -embodiment -of i the invention
‘herein -illustrated, 4t is- important to provide
means for maintaining ‘theloudness-of ‘the :sig~
‘nal, se that it+does ‘not quickly die away,: sor- for

even causing it to increase. This is accomplished
“py‘the provision-of-an automatic-volume : scontrol
valve -in series ‘with: @ pressure-responswe s1gna.l
-control-valve. :
" 'The introduction-ofitthe volume: control valve
created a problem since-it-was found‘that-the
‘relationships ‘involved between- the' volume -con-~
trol valve and the reed instrument were-complex.
It was -discovered, however, that -necessity.for
‘undue exactitude -in-‘design- and manufacture
-could ‘be -obvigted, -and-a ¢clearly :audible signal
-sound: could-be ‘insured;‘by: interposing-between
the reed instrument-and ‘the valve mechanism'a
}chamber of ‘relatively large: volume. -

In g ‘more - general ‘aspect, -the invention -em-
braces ‘a-gas-supply-system for supplying -gas-at
-yniform reduced:pressure, -or-at- uniform flow,

~and-for: announcmg beforehand depletion -ofithe -
“source-of -supply. ‘The:complete combination in-
cludes two stages ‘of pressure Tegulation, or fwo =
‘pressure regulators, of ‘which! fhefirst-is-one-hav-
-ing-a-declining pressure regulation characteristic.
“Ity ‘such-application ‘of this invention the signal-
“ing"device is-connected -with an inter-stage: region,
‘in-other ‘words, a region: subJect to-the regulation
-'of thefirst-stage regulator. Withregulators’hav-
~ing a‘declining -pressure regulation characteristic
~the“delivery pressure- déclines:graduglly swhile the
cylinder- pressure falls-at -a much -greater rate.
-:As the dehvery pressure ‘of-a’ regu]ator yaries with’
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decreasing cylinder pressure, it finally reaches a
point from which it declines quite steeply, and
that pressure is called the “end point” of regula-
tion.

In a combination of regulators for reducing
the pressure in two stages the first-stage regulator
reaches its “end point” of regulation before the
end point of the second-~stage regulator is reached,
and this interval can be utilized for the sound-

ing of the signal, the signal being brought into,
action at a point of steep decline in the regula---

tion curve of the first-stage regulator, this occur-
ring a few to several minutes before the second-
stage regulator ceases to function as a means

for insuring maintenance of proper dehvery pres-

sure or delivery volume.

The specific and most advantageous embodi-
ment of the invention is one in which the signal
and a compound or two-stage regulator are com-
bined in one instrument.

‘Whether the signal is applied to a two-stage or

- to a single-stage regulator, other objects of the
invention are to make the signaling part of the

apparatus compact and small in relation to the
pressure regulator; to provide a signaling device
which can be applied to the regulator with mini-

~mum’ modification - of the most effective and

economical construction of the latter, so that an

. approved, standard regulator may be employed,
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and to keep the manufacturing expense of the
signaling part of the apparatus as low as possible.

In the accompanying drawings, forming part
hereof: .

Fig, 1is an elevation showing a pressure regu-
lator equipped with a signal in accordance with
the invention, the regulator also carrying a pres-
sure gauge, a float gauge and a wash bottle and
being connected with a gas cylinder, the gas cyl-

inder and the wash bottle being shown in a

fragmentary manner;

Fig. 2 is a vertical section taken in a substan-
tially axial plane through the regulator, the sig-
nal and a portion of the float-gauge column ap-
pearing in elevation; and

Fig. 3 is a section taken on the approximate
line 3-—3 of Fig. 2.

The regulator proper 2 which has been selected

-for:illustration is substantially like the compound

gas pressure regulator disclosed in my Patent
No. 1,948,027, dated February 20, 1934, to which
reference may be had.

In Fig. 1 the regulator is shown mounted on a

compressed gas cylinder 3, with the valved: out- -

let of which it is connected by an inlet nipple 4
and nut 5. The regulator bears a high pressure
gauge 6, and at the side remote from the inlet
connection it has a boss or receptacle T which
holds .a vertically rising float-gauge column 8
and a downwardly directed outlet 8 by which the
gas -delivered from. the regulator, after passing
through the float-gauge, may be delivered into a
wash-~bottle 10, from which it may be taken off
through a flexible tube 11. In the use of oxygen

. for medical purposes the float-gauge shows reli~
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ably the volume of gas delivered per unit of
time, the attendant adjusting the screw 12 of the
regulator to the point at which the prescribed
outflow is registered for the float-gauge. Details
in- connection’ with the float-gauge need not be
illustrated since they form no part of the present
invention, but-they will be found disclosed in my
Patent No. 2,023,008, dated December. 3, 1935.
The relation of parts shown in Fig. 1 indicates,
however, a limited amount of space available for
the signal device 14. which is-mounted on the

2,054,850

circumferential wall of the body 15 of the reg-
ulator, between the pressure gauge 6 and the
float-gauge 8, hence a requirement for compact-
ness in the construction of this device.

The regulator body 15 is preferably of circular
cross-section, with suitable external bosses.  The
body has an internal wall 16 at opposite sides of
which are cavities IT and 18 closed by diaphragms
19 and 20, which are clamped to the body by a

. back cap 21 and by a bonnet 22, into which latter

is threaded the adjusting screw 12. The cavity
1T represents a region where the pressure from
the. cylinder 3 or other source has been reduced
and regulated by the first stage of the regulator.
It may be termed an inter-stage region or cavity.

" In passing from  the cavity 1T to the cavity 18

the pressure is reduced again, and for medical
purposes is held at a low value in cavity 8. The
region 18, may, therefore, be referred to as the
second-stage or low-pressure cavity.

The regulator illustrated.consists in effect of
two regulators in series built in one unit, but in
the broader purview of the invention individual
regulators may be employed.and the signaling
device may be connected at any point of the sys-
tem between the regulators, and it may also be
used with -but a single stage of regula.tion or

- wherever it may be useful.

The signaling device is most serv1ceable When
connected with an lnter-stage region between a
direct-type regulator acting as the first stage
and another regulator, preferably of the inverse
type, acting as the second stage.. A direct-type
pressure. regulator may be defined as one in
which the thrust of the high pressure gas seeking
tc pass the regulating orifice of, the . regulator

- -tends to open the valve of this orifice, whereas

in an inverse type regulator the thrust of the
high pressure gas tends to close the regulating
valve, With falling source pressure, as from
a gas cylinder, a direct-type regulator has a.de-
clining regulation characteristic, whereas an in-
verse type regulator ordinarily has a rising char-
acteristic. - By proper design of the regulators
the combination of direct first-stage regulation

- and inverse second-stage regulation can be made

to give remarkably even ultimate regulation, and
the steeply descending portion of the regulation
curve of the first stage beyond the end point of
regulation of that stage can be utilized to start
and keep the signal sounding while the second-
stage regulator is still effective. L

- In theregulator of the drawings the high pres-
sure gas finds its way from the inlet connection
4 through a passage 24 in the regulator body to
a nozzle 25, the bore of which is the regulating
orifice of the first stage of the regulator. The
gas in this orifice thrusts against a seat or valve

" element 26, disposed in one end of a lever of the
“first, class 27, the thrust of the gas on the valve

element being opposed by a compensating spring
28. The other end of the lever 27 bears against
the inner side of the first-stage diaphragm 19,

-the-positions of this diaphragm, and consequently
the positions of the valve element 26 with respect’

tc the lip. of the nozzle 25, being responsive to
slight variations in gas pressure in the inter-
stage cavity 11, this gas pressure being balanced
by the thrust of a regulating spring 29 against
the outer side of the diaphragm, this spring be-
ing retained by the back cap-21.

;- When the regulator is in operation, gas passes
from the cavity IT to the cavity 18 by way of a
second-stage regulating orifice 30, the inlet of

- which is commanded by a valve. element 31, this
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,Valveaelement-;being:gﬁrgﬁd.ztowardathe-‘l.ip,:of.-
‘orifice:30.by the-pressure of: the. gas;: seeking:t0
Teach-the. orifice-and-also. by a:.marginal Spring

2,054,850

-the

32, Aqthrustelement 33; extending; from:the
valve element 3-through the orifice 30, hears
against. the - inside. of.-the- second-stage. dia-
phragm. 20, the.movements.of which-and- of.the
valve element 31 are responsive to-any-variations

in. pressure: in..the low-pressure. cavity, 18, this

gas. pressure being:opposed by the regulating and
adjusting spring 34 .in. the-bonnet 2Z.. By turn-

.ing.the-screw 12:the stress.of the: spring.34.can

be-adjusted,. and- thereby. the.pressure-of. the gas
in. the: cavity 18 and-the rate-of . delivery of gas
can- be regulated; . The outgoing-gas flows . from

the cavity (8.through: a.-passage. 38 -into-the-in-

terior of. the boss T, whence-by-suitable. passages

(not.. shown) - it is. condugted  through..the: float-

gauge. and eventually.downward-to. the.outlet. 9.
. The signaling device-18 is- connected: with; .the
inter-stage. cavity or.region 1. For ,this purpose
2. passage..36.-is ‘madein- the bounding wall -of
the regulator body-to:serve. as.al -admission. port
for. the- signaling,: device, the. inlet end- of this
admission port-opening inte.the.said cavity 11,
The- casing. of - the .signaling- device- is-applied

‘to the regulator over-and:around;the outer.end
.of . the- port..36.. This. casing may be. made in

various. ways,: but as shown - it: is. composed.-of
three pieces 38, 39:and 40. A gasket 4 {is placed
between.. the. piece. 38, and . the- outside. of the

‘regulator body, and the plece -38.may. be secured

to. the body, and the pieces.38 and. 39.may: bé
secured . together by. SCrews,, one. of. which - is
shown at 42. A diaphragm. 43, exposed ‘to.the
gas.pressure in a chamber 44 .inside-the picce: 28,

“is .clamped: at- its. margin -between the. parts 38

and .39, and carries. at its outer side-a valve-ele-

‘ment 45, this valve element being held in a hold-
er.-46, which is tightly clamped to. the.center of

the diaphragm. by . screw. means-41. The. valve
element. 45..constitutes the part of a.signal con-
trol valve which, coacts-with the lip of a signal

‘control . orifice 48.. A signal .control spring: 49,

confined between the part 39.and the outer side
of the signal:control. diaghragm: 43, tends. to

“unseat the- valve -element. 45, but. the-stress. of

this. spring ~and. the effective:-area .of: the -dia-
phragm 438 are so related that the pressuze.-of
the-gas. against the diaphragm..keeps.the valve
element; tightly closed.against the orifice:48.un-
til the. pressure. in. the regulator, cayity. {7 de-
clines.to. a substantially. low.value. e

Gas. finds its: way from the chamber 44.to.the
signal control orifice 48:by way.-of a volume-con-
trol valve comprising a. volume~control.orifice. 59

‘and volume-control valve element 5i. A pas-
‘sageway 52.from. the chamber: 44.to-the volume- -
"control .orifice §8.is. formed in the piece 38.and

extends through the marginal portion of the.dia-

‘phragm 43. Volume-control. orifice §9.is.an- ac-

curately formed. tapering throat fermed in an
element 53 inserted in-the piece 39. ~The.velume-

“control valve element . preferably. consists of an

sccurately dimensioned head on a pin.54: which
is:guided-in the piece39::

In the operation of the device the volume-
control valve element 51 moves slightly within
the tapered throat 50. The thrust of the gas
seeking to pass the valve element 51 and to
escape through the restricted throat or orifice
50 urges the valve element toward the narrow
end of the throat, but this movement is resisted
by the volume-control spring 55, which is con-
fined between a collar 56 on the valve stem 54

-away: from.

3

and. an abutment. inside. the piece. 39. = After

leaving; the  volume- control orifice .50. the- gas

ugh.much:larger passages 57, 58.in.the
icce.39-to, the relatively large signal control ori-
fice, 48 ,

When the control valve element 45 is unseated

- from-the signal-contrel orifice 48, the gas enters

a. space.59.in.the piece.39; which space:is in-free

mmuynjcation. wi chamber of -large capagity
0. inside: the: shell-like: piece- 4. This may- be
termed a resengnce-chamber. The piece 40 may
he.secured to.the piece: 39 by screws -81; the-joints

“between the.parts being made tight by a gasket 62,

The hase of :a sounding element 63 is. secured
in an;opening in the shell 40. For reasons-which
have. beer given, a reed instrument, has; special
advanfages. for the purpose- of; the . invention.
That illustrated is in the nature of the familiar
pitch pipe, its reed being -designated 64. -
In.completing the description. of the operation
of. the-invention, it:will not be necessary: to-re-

'view the operation of the regulator- proper.

When; as.the result of.approaching exhaustion
of: the -cylinder or- source; 3, the. pressure in the

inter-stage cavity 17 of the.regulator-has declined

to-a relatively low. value, which.is preferably-near
or somewhat . below . the..value. corresponding.- to
the:end.point of regulation of the.first stage .of
the.regulator; the ,lowering‘.pressurepbeneathathe
signal:.control. diaphragm 43 permits the:signal
control - spring.- 48, to- unscat the. signal control

-valve.-element 45 from the signal control orifice

48.  Merely. for. purpose of illustration it may.be
stated that.in-the apparatus.shown in-the draw-

ings.the relations.are:such that the-signal, control

valve, opens when, the.inner-stage: gag pressure
drops. below about-45: pounds-per: square inch.
The opening of the signal control valve allows:

to. discharge.from: the.signal control orifi L

the space. 58, thence .directly into.the.resonance
chamber-§0, whence the gas discharges-through
the reed.insttument. 83 to. the atmosphere..

. Owing - to. the relatively large :passage; dewn-
stream from the tapered volume-contr ifice
53, a.considerable pressure- drop across the vol-
umne-control. valve.element 51 is involved; when
th 1 control valve is opened. The: result
is; that:immediately.after the signal control valve
is. opened -the: volume-control: valve  element Bi
will: be. driven. toward the. narrow end -of the
throat or orifice 53, compressing the,volume-con-
trol spring 55, It.will then ocgupy such position
that the clearance between the volume-centrol
valve-element, and. the throat of the volume-con-
txol onifice. will be very small. With this: condi-
tion obtaining, the discharge of oxygen.through
the volumercontrol valve, and ultimately through
the. reed instrument, though. small, will be suffi-
cient. to- cause the reed instrument to.sound a
plainly. audible note.: With, b _
pressure in the inter-stage.cavity: of the regula-
tor, the: differential pressure across the volume
control- valve  element will. gradually diminish.
Consequently: the. volume-control: spring- §5; will

that thevoly ive:-will offer- constant-
ly decreasing restriction in such manner. as to
compensate for the decreasing gas pressure,.so
that the rate of delivery to the reed instrument
may be maintained fairly constant; or if the vol-
ume control valve is proportioned suitably, the
rate of delivery to the reed instrument may actu-
ally increase while the gas pressure acting on
the volume control valve is decreasing. The res-

gressively  falling -
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4

onance chamber 68 has an important effect in
producing a strong signal on a small flow of gas
and obviates much difficulty that would otherwise
be ‘encountered in securing proper cooperation
between the reed instrument and the volume con-
trol valve.

Anocther feature of the invention which has not
breviously been mentioned is that assurance that
the signal device is in working condition is ob-

‘tained whenever the regulator is placed in opera-

tion, for when the cylinder 3 is opened a brief sig-
nal will be heard during the flooding of the inter-
stage-chamber {71 of the regulator to its normal
pbressure level. This sounding of the signal when
the cylinder is first opened serves as a check that
can not be omitted even if the attendant should
not be inclined to go to any particular pains to be
assured that the signal device is in working order.
Aside from this, however, the signal is highly de-
pendable, ifs parts being few and of such char-
acter that they are not subject to derangement.

I claim: - .

1. In a gas supply system, the combination
with pressure regulating devices for regulating
in a plurality of stages the pressure of gas de-
rived from a source, of an audible signal con-
nected with an inter-stage region of said system,
said signal being actuated by gas escaping from
said region after a decline of inter-stage pressure.

2. In a gas supply system, the combination
with pressure regulating devices for regulating in
a pluraiity of stages the pressure of gas derived
from a cource, of means for setting up and main-
taining an audible signal actuated by gas escap-
ing from an inter-stage region of said system.

3. In a gas supply system, the combination
with two pressure-regulating devices to regulate
the pressure in stages, the first of these devices
having a declining pressure-regulation charac-
teristic, of an audible signal connected between
said devices and actuated by the gas and having
a valve which opens when declining inter-stage
pressure is still above the end-point of regulation
of the second stage.

4. In a gas supply system having successive
stages of pressure regulation; an inter-stage, audi-
ble signal energized by escaping gas, said signal
having a signal control valve responsive to a de-
cline of inter-stage pressure, and an automatic
volume-control valve in series with said signal
control valve so that the amount of gas reaching

-the signal is restrained by said volume-control

valve,

5. A compound pressure -regulator having a
first stage of the direct regulator type and a sec~
ond stage of the inverse regulator type, an inter-
stage region between said first and second stage,
a reed instrument connected with the inter-stage
region of said regulator, and means responsive to
a predetermined decline in inter-stage pressure
for causing gas to escape through said instrument,

6. A compound pressure regulator having a
first stage of the direct regulator type and a sec-
ond stage of the inverse regulator type, an inter-
stage region between said first and second stage,
a reed instrument connected with the inter-stage
region of said regulator, a signal control valve

2,054,850

with pressure-responsive means responsive to a
predetermined decline in inter-stage pressure, and
an automatic volume-control valve in series with
said signal control valve for determining the rate
of flow of gas to said instrument. -

7. A compound pressure regulator having a first
stage of the direct regulator type and a second
stage of the inverse regulator type, an inter-stage
region between said first and second stage, a reed
instrument connected with the inter-stage region
of said regulator, a signal control valve with pres-
sure responsive means responsive to a predeter-
mined decline in inter-stage pressure, an auto-
matic volume-control valve in series with said
signal control valve so that gas flowing to said in-
strument passes- through both valves, and a res-
onance chamber preceding said reed instrument.

8. A gas pressure regulator with means for sig-
naling approaching exhaustion of the gas supply,
sald regulator having a body and pressure regu-
lating means of the diaphragm type, said body

.- having a port through its wall communicating

with a reduced pressure space of the regulator,

‘and said signaling means being applied to said
body outside said port and comprising a reed in-

strument and automatic valve means controlling
escape of gas to sound said instrument. .

9. A gas pressure regulator having a body and
pressure regulating means of the diaphragm type,
and a device mounted on said body for signaling
approaching exhaustion of the gas supply, said

.device comprising a reed instrument, together

with automatic valve means controlling escape
of gas from a reduced pressure space of the regu-
lator to said instrument.

10. Low-pressure signaling means comprising,
a reed instrument, a signal control valve, pressure
responsive means for causing said signal control
valve to-open:and pass gas to said instrument at
a predetermined point of decline of pressure in a
region with which the signaling means is con-

‘nected, and a volume-control valve in series with

sald signal control valve so that gas flowing to
said instrument passes through both valves, said
volume-control valve comprising a tapered throat,
a valve element moving within said throat, and a
spring resisting the movement.of said valve ele-
ment in the direction of decreasing throat diam-
eters.- :

11. Low-pressure signaling means comprising, °

a reed instrument, a signal control valve, pres-
sure responsive means for causing said signal
control valve to open and pass gas to said in-
strument at a predetermined point of decline of
pressure in a region with which the signaling
means is connected, a volume-control valve in
series with said signal control valve so that gas
flowing to said instrument passes through both
valves, said volume-control valve comprising a

tapered throat, a valve element moving within’

sald throat, and a spring resisting the movement
of said valve element in the direction of decreas~
ing throat diameters, and a resonance chamber

_interposed between the valve means and the reed

instrument.
GEORGE M. DEMING.
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