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To all whom 1t may concern:

Be it known that I, Atperr M. ALLEN, 2
citizen of the United States, resident of
Cleveland, county of Cuy*mho a, and State
ot Ohio, hqve invented a new and useful Tm-
provement in Regulating-Valves, of which
the following is a speci 1(3%1011 the principle
of the invention being herein explamed and
the best mode in whicd I have contemplated
applymng that principle, so as to distinguish
it, from other inv entmns

My mvention relates to regulating th"es
and particularly to pressure- controlled reg -
lating valves m which the medium, whose
fHow 1s being regulated, is passed between
two dmphlaoms 1"1016137 connected together
and the effect of its pressure thereby Tulli-
fied.

My 1mvention has as its object the produc-
tion of a valve of this type that will be more
cilicient and more generally adaptable than
any heretofore demsed and, particularly,
that shall be able to balance & hwh pressure
and still operate promptly w1th1n NArrow
working limits.

To the accomplishment of the above and
allied objects my invention comprises means

hereinafter fully described and particularly
set forth in the claims.

The annexed drawings and the followmo
descuptmn set forth in detail certain mech.
anism embodying the invention, said dis-
closed means conatltutnw but one of va-

rious mechanical forms in which the prin-
ciple of the invention may be used.

In said annexed drawings: Figure 1 rep-

resents, in side elevation, a form of My 1m-
Pr oved regulating Valve' Fig. 2 represents a
vertical lonoltudlmﬂ cross - section of the
same shﬂht]}r en].«lro ed and certain parts be-
ing omitted; Fig. 8 is a vertical transversa
cross-section thereof taken on the line 3—3,
Fig. 25 Fig. 4 15 a longitudinal cross- section
’mhen upon the plane passing through line
+—4, If1g. 3, of the left end of my valve as
1t appmls n Fig, 2, certain modifications
being shown; Tlﬂ
tuduml cross - section  of the reﬂulatmo
spring, appearing on the right in the side ele-
vation of the entire v alve, I‘lo 15 1o, 6,18 ¢
vertical longitudinal cross - section of th@
same; while I‘NS 7, 8, and 9 respectively
represent different ijl'aotmal applications of
my valve. |
Asg 18 shown 1n the aforesaid

i

5 1s a horizontal longi-

oures, par-

——rl,

| left 11 the figures, 1s degwned to form

valve comprises a main, or central, chamber
A, through which the ﬂmc, whose flow i
bemo IBGLLLJEBC[ 15 designed to pass. Such
fluid may fir eely enter chamber A through
an inlet opening B, its escape therefr Om
however, mto outlet chamber C is controlled
by means of slide-valves D of which there
are two 1n the device as illustrated. The
oposite ends of chamber A are closed by
means of flexible diaphragms Ej which are
held tightly 1n place by means of inclosing
caps K. Cap If at one end of the valve, the
211 -
other air- t1oh‘t chamber in which the outer
face of the co.,.le%pandma dmphl agm I may
be exposed to the pressure of the conti olling
mecium. The latter 1s designed to be ad-
mitted to such chamber thrc ough a duct f
communicating therewith. C‘m i at the
other end of the valve is p“r‘owded with a
central aperture f” through swhich projects

a rod H, 1101{11}? connected at its inner end

| Lo the 60110“31)01" ding diaphragm X, and hav-

g an adjustable {ension demce secured to

its outer end whereby 1ts reciprecation may

be regulated. This cap F, in addition to
Serving as supporting means for such ten-
S10M devwe 1s clesigned to prevent the escape

of fimd ilom the valve 111 case the dia-

phragm inclosed thereby should break. At
the same time the 'tensloﬂ cdevice 18 entirely
without the valve casing and so readily a.C-
cessible for adjustment ‘111{?1 repair.

Having thus described 1n outline the struc-

ture of my valve as a whole, I shall now
ploceeﬂ to set forth in meater detail the

structure ot the several parts entering there-
1n, and p&ltl(}ul‘ll"‘l’jf that of the &mphmﬂms
K, the valve controlling the opening into
outlet chamber C, and the adjustable tension

| dewce connectedwﬂh rod H.

The object sought in the construction of
the diaphragms K, which close the ends of
chamber A, 1s to pi oduce a diaphragm that
shall bhe cmmble of withstanding a high

pressure within such chamber while still re-

maining sufficiently flexible to respond to
very slight changes in the pressure of the

.control]mﬂ 111u:1111111 n the dm.amer formed

vy cap If.  Such diaphi IS, as will fzppﬂfu:'
{from an inspection of Fig. 2, are of ‘L’he
usual circular form, hwn’m a number of
concentric cmmgauons e, which are shown
as being two in number The centers of the
tWo dmphr‘wms ATe conneeiﬁd by what 1s

ticularly m Figs. 1 and 2, my regulating | in effect a rigid member, although composed
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of a plurality of parts D’ and d, whereby
the slide valves D are joined with said dia-
phragms. The construction and other func-
tion of parts d will be explained later. On
the concave side of each inwardly turned
corrugation e 1 place a ring or annular mem-
ber ¢ having its inner face made so as to
substantially conform with the shape of the
diaphragm at the line of contact. The edges
of such ring are rounded so that the side of
a corrugation will be tangent at any point
of contact with the ring, although such point
of contact changes as the diaphragm is
moved back and forth. The movement of
the diaphragm relatively to a ring, in other
words, may be described as a sort of folding
and unfolding. Corresponding rings ¢ of
the respective diaphragms E, only one for
cach diaphragm is required in a valve of
the size shown, are rigidly connected by
means of stays or rods e?, which pass through
chamber A. These rods are preferably dis-
posed as shown in Figs. 2 and 3, although
their number may be varied as found de-
sirable.

By the arrangement just described it is
readily apparent that the diaphragms are
supported at each alternate, or correspond-
imgly turned, corrugation, so that they are
subjected to no lateral, or bending, strains,
being only in tension; furthermore they can
be designed to resist any pressure without
being made unduly heavy and stiff, since
much thinner plates can be utilized in their
construction. In order to secure any de-
sired strength with the use of a minimum
amount of material, I further have found
1t advisable to make the aforesaid corruga-
tions so as to be approximately catenary in
their transverse cross-section. The surface
of the diaphragm 1s thus disposed most ad-
vantageously with a view to withstanding
the strain of the fluid contained in chamber
A and 1s subject to less flexure and conse-
quent deterioration.

The means above described support, or
fortity, the diaphragms against any pres-
sure from within, 7. e. that exerted by the
fluiad passing through the main chamber A
ot the valve. To similarly support them
against the pressure of the fluid in the cham-
ber in cap I, which in certain situations
may be quite considerable, I provide the
additional strengthening means shown in
If1g. 4. The object of the device there shown
1s to limit to its proportionate amount the
movement of each portion of the diaphragm
intermediate of such diaphragm’s center, to
which the valve is attached, and its outer
edge where it is secured to the valve body.
Thus 1n any movement of the diaphragm,
a corrugation ¢ bearing the ring ¢’ should
obviously move only one-half the distance
traversed by the center of the diaphragm
when such corrugation ¢ is midway between
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| the center of the diaphragm and its outer

edge. Where a thin diaphragm, however, is
employed, as 1s highly desirable in view of
the considerations previously mentioned,
such mtermediate portions of the diaphragm
are apt to bulge inwardly or the diaphragm
be otherwise 1njuriously distorted. The
means referred to accordingly comprise a
series of lever arms ¢® fulecrumed at their
outer ends 1n recesses f* formed in the walls
of cap I, and having their inner ends rest-
1ng upon the nut by which the valve-stem D’

1s secured to the center of the diaphragm or

upon a washer ¢’ held 1n place by such nut.
Such arms are preferably equal in number
to the rods ¢* and are respectively disposed
adjacent to their ends to which latter they
are secured as shown; that is, the ends of
the rods themselves are simply extended far
enough beyond the diaphragm to register
In apertures e¢* in such arms, and receive a
nut ¢° having its inner face rounded. This
insures the free movement of the arms as
the diaphragm 1s pressed inwardly by the
tuld 1n chamber I, as does also the manner
in which the ends of the arms are mounted.
These, 1n each case, instead of being pinned,
are merely rounded off and allowed to rest
loosely 1 recess /% and upon washer @’ re-
spectively. Where it is desired to support,
1n the manner just described, more than one
corrugation of the diaphragm, a separate
series of arms ¢® may be employed for each
corrugation, or one set of arms may be ar-
ranged to support them all. In the latter
case the points of attachment of the several
corrugations to any one arm should be so
cisposed as to allow to each point its propor-
tional amount of movement only.

It will be observed, upon reference to
Figs. 1, 2, and 3, that the outlet chamber C
of the valve completely encircles chamber A.
The wall or partition ¢ between chamber A
and chamber C i1s preferably of the cylin-
drical shape shown, and communication be-
tween the chambers 1s made through a series
of parallel ports or slits ¢’ in this partition,
arrangec transversely of the valve’s length,
there being two sets of such ports whose
length 1n each case is somewhat less than
half the circumference of the inner face of
the partition ¢. Such partition ¢ is faced
with a removable bushing ¢? of suitable ma-
terial forming a valve seat, and provided
with a series of slits corresponding with
ports ¢’. Ifitted to such valve seat, which
tor the purposes of this description is as-
sumed to be of cylindrical conformation, are
two semicylindrical slide valves D each pro-
vided with a set of ports or slits ¢® adapted
to register with ports ¢’ in partition ¢. Such
valves D being of comparatively thin metal
are formed with flanges d* at each end for
the sake of rendering them stronger. The
number of valves D and corresponding sets
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of port holes ¢’ and d* may be varied as
since, when the valves D are in
place, ihev are fitted sufficiently tightly to-

oether to rform 1n effect, a single valve.

Motion 1s commumcated to the valves D

from diaphragms I by means of a valve-

stemn comprising members D’ and 4. Of
these one member D’ is centrally secured to
cach of the diaphragms, while members
are toggle arms pivotally connected at their
respective ends to a member I’ and to the
valves D. Bearings for the pins by which
such arms are pwoted to the valves are
formed
the valves as shown in Iig. 2. This con-
struction 1s made necessary by the ditheulty
that would attend the dmlhno of such bear-
mgs 1n ears cast integral W"lth the valve. 1t
also facilitates the repair of the valve by
permitting the easy renewal of the wvalve
when 1t becomes worn. In fact, by simply
renewing bushing ¢? and the va Ive members
D the device is made as oood as new. It
readily follows from this construction thm
so far as reciprocatory movement of the
valves D 1s concerned, members D’ and tog-
ole arms « act as a continuous connecting
rod or stem jomning the two diaphragms and
having the valves rigidly mounted Thereon.
]3*5? means of the. {oggle arms, however, I
achieve a result of great 11111301{,.—111(36 that of
les ssening the pressure of the fluid in cham-
ber A fm by a proper digposition of such
toggle ar m%
part of the 1:)1 essure referrved to may be neu-
tralized, and the valves thus left free to re-
spond to a very sheht external pressure upon
the diaphragm expmed thereto. No mea
urable amount of play need be provided
tween the separate valves to thus relieve the
ralves from. friction, and the angular posi-
tions ot the arms d, of cour se, are "caleulated
to nearly relieve such friction when the
ports ¢” are entirely closed and the pressure
upon the valve is the greatest. Accordingly,
as soon as the valve 1s Shghﬂy open, 1t works
enfirely off or iree from the seat. Amnother
feature 1n the construction of my valve is
also shown 1n aforesaid Iig. 2; namely, Lh("
disposition cf the ports ¢?, as also 0T pmts ¢’
in the partition ¢, whereby the spaces be-
tween the same arve considerably wider than
are the several ports. By this means, as the
ports are made wider by the * cutting ” ac-
tion of the flud passing through ihem espe-
cially when such fuid is %’Leam it 0111?’ re-
quires a slight additional Iate: al shifting of
the valve s to effect a complete closure of the
same In %plfe of the wear thus occasioned.
Regulation of the critical pressure point,
by which I mean the degree of pressure re-
quired 1 the second chamber T to actuate
the valve, as also regulation of the sensitive-
ness of the valve, 1s efiected by means of the
adjustable tension device connected with rod

JE-

in members @* detachably secured to

it is evident that any desired

(5T

Es
0o

H, Figs. 1, 5, and 6. This device comprises
dl {oggle ]011113 made up, 1 the particular
valve shown, of two sets of opposed toggle

arms /2, making eight in all, interposed be-

tween the outer end of rod H and a cross-bar

k" attached to two mda or bolts H* exte 1d—
g from one end of the valve casmg. The
105}511@ arms are pretembly pwot.ﬂlv mont-
el on short spindles A instead of being
merely pinned together, since greater 11{}1{1
ity is thereby ¢ cecured. The £wo spindles at
the respective ends ot the sets of togele arms
further provide convenient means for at-
taching the device to rod H on one side and
the bar H’ on the other, such att tachment m
the latter case being made by means of a s¢
screw 2% By means of this set seres th@
normal position of the iogglu ]omi may be

raried from a longitudinally extended con-
dition to a ver tl(jﬂﬂ‘}?' wxtended po%mm]
Whatever this normal p()‘nllL](}Il of the jomt,
it 1s obvious that any outward 111@\*&111@11t of
rod I, produced by the pressure of the fuid
in second chamber I, will be communicated
to toggle-arms /4, Lh(,, effect being to thrust
0111:1*.:11@13? those Gﬂd% of %lldl arms that are
pivoted on the spmdies A7 intermediate of
rod H and bar H’. Such outward thrust ('1‘1’
the toggle arms 1s resisted by means ol com-
pression springs 1%, mounted upon a rod 7°
transversely disp()%m to the spinales A" ang
shidably mounted 1n said two mtermediate
spindles. Each of these fpll;ma 18 held be-

tween washers 74, which may be drawn moie

or less closely t(:mul er by means of & nut 27

on rod AS.

By means of the fm"egomg arrangement
of togele arms A and set screw /2”7 1t 18 evl-
dent, Trom the principie of the parallelo-

eoram of forces, that I am able to apply,

without (,hangl‘lw the strength of sprimg ¥,
any desired resistance to iitial NOVement
on the part of diaphragms K and attached
rod H. Moreover the increased leverage
given as toggle arms 4 are expanded can be
made to Just about balance the mcreased re-
51%.;111(3@ of the springs a thw become com-
pressed, and thus a practically uniform re-
sistance is at all times atforded.

As has been stated, iy improved valve is
capable of numerous applica'*im'ls:, several
of which are shown in Figs, 7, 8, and 9. In
the first of said figures its e as g simple ve-
ducing valve 1s 1llustrated, such as might be
l{.,(]_ullb(l Of 1t 1 11 2 steam heatnw plant wh e
the pressure of the steam in the mains is
too high for the radiators. The chamber

Tormed bv ed cag s accordingely con-
formed by closed cap F 1s accordingly con

nected through duct f with the conduit on

‘the farther side of the valve and DY & proper

adjustment of togele arms 7 and springs
£? the valve can e set to maintain any
desired pressure 1 such mndma as will be
readily apparent. In Fig. 8, the valve is
shown as applied to the 1egulf1t1o11 of
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blower for a forced-draft furnace.
from main I: 1s admitted to engine M, which
operates blower N, through the regulating
valve as shown. Such valve is adapted to
be actuated by the direct pressure of the
steam 1n the main I, duct 7 connecting such
main with closed chamber F of the valve.
Thus, according as the pressure of the steam
rises or falls, a smaller or larger amount of
steam 1s permitted to enter the cylinder of
engine M.

The adjustment of the valve in both of the
preceding cases must, of course, be such as
to allow an increase of pressure in second
chamber I to more or less completely close
the valve. In Fig. 9, however, a situation is
represented where just the opposite actua-
tion 1s required. In said figure, R repre-
sents a chamber in a refrigerator in which
are disposed several coils R’ of pipe con-
nected to be supplied with brine, liquefied
ammonla, or similar refrigerating agent,
from a supply pipe R? and to discharge
the same 1mto a return pipe R° The brine
or ammonla 1s admitted into the coils R’
through one of my regulating valves con-
nected as shown, such valve being operated
by means of a fluid thermostat S. This
thermostat comprises, in an approved form,
a coll of pipe suitably connected with the
proper chamber of the valve and containing
o quantity of some fluid, as liquid ammonia,
that 1s readily affected by changes in tem-
perature, and that 1s capable of effecting
clirectly the required movement of dia-
phragms I in the valve. This requires an
excess of the fluid over the amount neces-
sary to sumply fill the thermostat when in
vaporized condition, and also requires that
as large an area as possible of such fluid
be exposed to the controlling temperature.
The adjustment of the valve, then, is such
that, as the temperature in chamber R rises,
the pressure of the fluid in the thermostat
S upon the diaphragm of the valve will
actuate the latter to admit an increased
quantity of the refrigerating agent into coils
R”; as the temperature thereupon falls this
supply 1s gradually shut off, and if properly
set the valve, 1t 1s clear, will maintain in
this manner any desired temperature in the
refrigerator. This last described example
is an Instance where a valve is required that
will withstand a high pressure between the
diaphragms and yet respond readily to slight
changes 1n the pressure of the controlling
mecium; for the liquefied ammonia must
necessarilly be maintained under consider-
able pressure, while the range of variation
1n the pressure of the fluid in the thermostat
1s usually small. Tt has been fully set forth
above how my improved valve is adapted to
meet these conditions as well as the even
more diflicult ones where the controlling pres-

958,206

Steam | less required to be sensitive to slight varia-

tions 1n such pressure. This high degree of
adaptability I attain by the novel construc-
tion of the diaphragm I, and by the employ-
ment of the toggfe arms A In connection
with the regulating springs H® whereby a
single pair of springs may be adjusted to
balance any desired pressure. In addition
to the above features, the construction of the
slide valves D, whereby a large opening is
secured by a relatively slight movement of
the valves and means actuating the same,
and whereby, also, any undesirable friction
of the valves on their seats is practically
eliminated, should be noted. Moreover, the

wear due to the * cutting ” of the fluid pass-

1ing through the valve is automatically taken
up, while, Inasmuch as the valve by its shape
1s self-grinding, 1t always fits its seat closely.

Having thus described my invention in
cdetail, that which I particularly point out
and distinctly claim 1s:

1. In a pressure controlled regulating de-
vice, the combination with the valve, of
actuating means therefor comprising two
lexible diaphragms, one of said diaphragms
bemg exposed to the controlling pressure,
and a plurality of stays connecting corre-
sponding points on said diaphragms.

2. In a pressure controlled regulating de-
vice, the combination with the valve, of
actuating means therefor comprising two
corrugated diaphragms, one of said dia-
phragms being exposed to the controlling
pressure, and a plurality of stays connecting
corresponding corrugations of said dia-
phragms.

3. In a pressure controlled regulating de-
vice, the combination with the valve, of
actuating means therefor comprising two
chaphragms having concentric corrugations,
one of said diaphragms being exposed to
the controlling pressure, annular members
located 1n corresponding corrugations of
said diaphragms, and stays connecting said
annular members.

4. In a pressure controlled regulating de-
vice, the combination with the wvalve, of
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actuating means therefor comprising two -

corrugated diaphragms, one of said dia-
phragms Dbeing exposed to the controlling
pressure, the corrugations of said dia-
phragms being substantially catenary in
their transverse cross section, and a plurality
of stays connecting corresponding corruga-
tions of said diaphragms. -

5. In a pressure controlled regulating de-
vice, the combination with the wvalve, of
actuating means therefor comprising two
ciaphragms having concentric corrugations,
one of said diaphragms being exposed to the
controlling pressure, and such corrugations
being substantially catenary in their trans-
verse cross sectlion, annular members located

sure 1s quite high, and the valve is neverthe- | in corresponding inturned corrugations of
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said diaphragms, and stays connecting said
annular members.

6. In a pressure controlled 1e@u1¢1t1110 cle-
vice, the combination with the Valve, of
‘LCtU.‘LtlllO means therefor comprising a flex-
1ble dnphl agm exposed to the controlling

- pressure and having its periphery Secumd
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and a lever arm fulerumed at such pemphexy
and connected with said diaphragm sub-
stantially at the center of the same and at
a point intermediate of 1ts center and pe-
1’*1phery

. In a pressure controlled regulating de-

Vlce the combination with the vﬂve, of

qctuatmo means therefor comprising a cir-
cular lmphmbm exposed to the controlling
pressure and secured about 1ts cu*cunﬁerence
said diaphragms having concentric corruga-
tions, and a lever arm fulcrumed at the
circumference of said diaphragm and con-
nected with said diaphragm substantially at
the center of the same and at a point inter-
mediate of its center and circumiference.

S. In a pressure controlled regulating de-
vice, the combination of a main chamber
having an 1let opening; an outlet chamber;
a port connecting sald two chambers; a
valve adapted to control said port; and
valve-actuating means comprising two flexi-
ble dmphr‘wms closing opposite ends of said
main chamber one of said diaphragms hav-
ing its outer face exposed to the controlling
pressure, a plurality of stays connectmo
corresponding pomts on said dnphraﬂms
and means operatively connecting said dia-
phragms with said valve.

9. In a pressure controlled regulating de-

“vice, the combination of a main ch‘u‘nber

hwino an inlet opening; an outlet chamber ;
2, port connecting said two chambers; a

valve adapted to control sald port; and
mlve actuating means comprising two cor-
rugated chaphmﬁms closing opposite ends
of sald main chamber one of said dia-
phragms having its outer face exposed to
the contlolhnﬂ pressure, annular members
located 1n correspondmo corrugations of
said diaphragms, stays connectmo sald an-
nular members S, and means operatwely Con-
necting said diaphragms with said valve.

10. In = regulating device, the combina-
tion of a main chamber llwmo an inlet
opening; an outlet chamber; a port connect-
Ing said two chambers; a valve adapted to
control said port; and valve- actuating means
comprising two corrugated dmphmoms
closing opposite ends of said main chamber,
the COPI‘LlGatIOIlS of said diaphragms bemﬂ
substantmlly catenary 1in their transverse
cross-section, a plurality of stays conmnect-
ng correspondmo corrugations of said dia-
phraﬂms, and togele arms operatively con-
necting said dl“tph]?aﬂlns with said valve.

11. In a regulating device, the combina-

tion of a main elmmber h&wm& an 1nlet |

AT

opening; an outlet chamber; a port connect-
ing said two chambers; a valve adapted to
control said port; and valve - actuating
means comprising two flexible diaphragms
closing opposite ends of said main clnmbel,
a 1:)1111“':21111;}7 of stays connecting correspond-
1ng points on said dmphmoms means opera-
tively connecting said diaphragms with said
valve, and a chamber inclos sing the outer
face of one of said diaphragms and aclapted
to receive a fluid under pressure, the dia-
phragm thus exposed being provided with
a series of lever arms fulerumed at its pe-
riphery and connected with said diaphragm
substantially at the center of the same and
at a point intermediate of its center and pe-
riphery.

12. In a regulating valve, valve-actuating
means embodymﬂ a flexible dmphraﬂm 3]

chamber inclosing one face of the same and
adapted to receive a fluid under pressure,

and means adapted to balance any pressure
in such chamber, such means Compmsu'lo an
adjustably p051t10110d support, a toggle-
joint 1nterposed between the other face oif
said ciaphragm and said support and a re-
silient member adapted to control the mo-
tion of said toggle-joint.

138. In a 1e0111.;111110 valve, valve-actuating
means embodylno £wo euble dmphmoms,,
means connecting the same whereby they
move 1n 111115011, a chamber inclosing the
outer face of one of said diaphragms and
adapted to receive a fluid under pressure,
and means adapted to balance any desired
pressure 1 sald chamber, such means com-
prising an adjustably posltloned support, a
toggle-joint terposed between said second
diaphragm and such support; and a resili-
ent member aclapted to control the motion
ot said toggle- ]omt

14. In a 1*60111‘1‘51110 device, the combina-
tion of a main chamber h.;wmo an 1nlet
opening; an outlet chamber; a 1301L connect-
ing sald two chambers; a valve adapted to
control said port; and  valve - actuating
means comprising two flexible dmphraoms
closing opposite ends of said main chamber
and operatively connected with said valve,
a chamber inclosing the outer face of one
of said diaphragms and adapted to recelve a
fluid under pressure, and means adapted to
balance any desired pressurein said chamber,
such means including an adjustably - posi-
tioned support, a tog ole-]mnt interposed be-
tween said second dmphl agm and such sup-
port, and a spring deapted to control the
motion of said toggle-joint.

Signed by me, thls 5th day of J ANUATY,
1906

ALBERT M. ALLEN.

Attested by—
D. T. Davres,
JNo. K. OBERLIN.
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