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‘5 Claims.

This invention relates to automatic regula.ting
systems, and more particularly to fluid-pressure
systems in which there is superimposed on a basic
control directly responsive to variations in a mag-
nitude under regulation, an auxiliary control,
the intensity of whose action is related to the
rate at which variations take place in the regu-
lated magnitude or in a ﬁuid pressure subject
thereto.

In regulating systems of this nature it has heen
found advantageous that the suxiliary control
be first applied substantially simultaneously with

readily to the utilization of either an elastic fluid
or an incompressible fuid in the auxiliary con-
trol means.

A still further object lies in the provision of
suxiliary control means of this class, which shall
be readily adaptable. to electrical, as well as to
pneumatic, basic-control. ’

The invention has for another object to facili-

'tate flexibility in the design and operation of
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the basic control and subsequently be gradually .

withdrawn, until, under steady-state conditions,
the basic control alone is effective. A control
of this nature is well exemplified in U. S, Letters
Patent No. 2,005,773, issued June 25, 1935, to Luis
de Florez. Herein, the basic control is effected
by means of a principal bellows member, and
the suxiliary control by means of a pair of me-
chanically opposed bellows members, one of
which responds simultaneously with the princi-
pal bellows, and the other is subject to a time
delay, as determined by & constriction in a con-
duit supplying fluid pressure thereto. A regu-
lating valve is made subject to the joint influence
of these two elements of the control system by
means of & floating lever,

In constructions of this nature where the op-
posed motor members are in communlcation with
the pressure fluid by which control is effected,
the pressure must usually be above atmospheric,
with the result that any leak which may develop
in the system will result in the escape of pres-
sure fluid and a consequent disturbance of the
control function. In other forms, in which the
opposed motor members are tightly sealed, it is
necessary to provide special compensating means
to eliminate the effects of changes in tempera-
ture of the sealed-in fluid.

In any case wherein bellows members are uti-
lized in direct opposition the arrangement does
not make for flexibility in design nor for ready
adjustment; and the stresses set up under oper-
ating conditions necessitate the use of stiff and
heavy parts quite incompatible with the required_
delicacy of performance.
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regulating systems of this class. ;

Still another objlect lies in the provision of a
design which shall be at once simple, light in
welght, and inexpensive to construct and adjust,
end which shall be readily adaptable to quan-
tity production methods.

In the proposed control system, the time-delay
element makes use of a fluid normsally at at-
mospheric pressure.. This may be atmospheric
air, or it may be an incompressible fluid in com-
munication with the atmosphere. Actual opera-
tion of the auxiliary control is effecied by a
single bellows member which first responds_si-
multaneously with the basic control action, and
then gradually withdraws its effect at a rate de-
pending upon the extent of the initial response.
The internal system, being in communication

"with the atmosphere, is not subject to adverse
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It is an object of this invention to provide for -

regulators of the class under consideration, an
auxiligry control utilizing fluid-pressure-respon-
sive time-delay means of a nature whose normal
function will not be adversely affected by slow
leaks or by extreme temperature changes,

A further object of the invention lies in the

50

effects due to slow leaks or by temperature
changes which might affect a completely sealed
system. The operation of the bellows members
at or near atmospheric pressure (a condition not
possible in those systems in which the suxiliary
control is operated from the control pressure
fluid) renders it possible to make use of bellows
members of extremely light material, thus elimi-
nating the undesirable effects of stiffness and
inertia inseparable from bellows members hav-
ing relatively thick metal walls.

The nature of the invention, however, Wlll best
be understood when described in connection
with the accompanying drawings, in which:

Fig. 1 is a diagrammatic representation of a
pneumatic control system embodying the in-
vention, and particularly adapted to the regula-
tion of temperature in an enclosed space by the
control of the flow of a heating agent, such as
steam, thereto.

Fig. 2 shows to an enlarged scale a section
of a three-way valve adapted to use In such a
system.

Fig. 3 is a diagrammatic view of an alternative
form of pneumatic control system embodying
the invention.

Fig. 4 is a detail view of an element of mech-

adaptation of a prmciple whiph lends itself 55 anism adaptable to use in such a system.
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Fig. 5 is a view of a portion of a control sys-
tem embodying the invention, the system being
particularly adapted to the use of a non-elastic
fluid in certain elements of the mechanism.,

Fig. 6 is a detail sectional view of a part of an
alternative mechanism incorporating the inven-
tion.

Fig, 7 is g view of an element of mechanism
particularly adapted to use in conjunction with
the embodiment shown in Fig, 6.

Fig, 8 illustrates a simplified form of the in-
vention.

Fig. 9 illustrates the adaptatmn of electrical
motion-transmitting means to a pneumatic con-
trol embodying the invention.

Fig. 10 shows diagrammatically an electrical
temperature-regulating system incorporating
the invention. ’

-Pig. 11 shows & simplified form of the elec-
trical embodiment of the invention.

Referring to Fig. 1 of the drawings, 10 desig-
nates a closed vessel or chamber in which it is
desired to maintain by the admission of & suit-
able heating agent, such as steam, through 2
pneumatically-operated direct-acting regulating
valve {{, a predetermined constant temperature,
as determined by a sensitive bulb {2, The latter
contains an expansible or volatile fluld and forms
a part of a closed system including a capillary
tube 13 and s Bourdon spring {4 carried by &
mounting plate #5. The regulating system of
which the above-mentioned elements comprise
coacting units may be of the class set forth in
U. S. Letters Patent No. 1,880,247, granted
October 4, 1932, and is subject to certain modi-
. fleations hereinafter to be set forth.

A three-way valve 1§ of the supply—and-wast»
type, flxed to the base or mounting plate {5, is
adapted to receive fluid under pressure, such
as air, from a constant pressure source (7, and
to control the outgoing pressure of the same. To
this end, the valve 8 is arranged to be opera-
tively actuated by & bellows member (8, also
affixed to the base 5, in such a sense that in-
crease of finid pressure within said bellows mem-
ber will cause the valve to lower the pressure of
air delivered by the same, and vige versa. . Bel-
lows member i§ is placed in communication with
the constant pressure source {7 b_,f conduif 19
having therein & constricted portion 28.

Connected to the conduit (£ is & swtiona*‘f
orifice member 21, having double-opposed jets,
substantially as sef forth in the sbove- mentienea
Letters Patent No. 1,880,247, A vane member 82

is adapted ic swing through s limited angle !

about & stationary axis or spindle 2§, and o
pass freely between the jets of the orifice mem-
ber 2§ in & sense more or less t0 obstruct the
escape of pressure fluid therefrom, and there-
by govern the back-pressure in the conduit: i§
and in the bellows member {8. Pivotally at-
tached to an extension of the vane member 22 ig
the mid-poini of a floating lever 24; and the up-
per extremity of this lever, as shown in the dis-
gram, is attached by & link 25 to the Bourdon
spring 4.

-Communicating with the outlet side of the
three-way valve {§ is & conduit 2§, providing

L4 2o .
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a resilient collapsible bellows member 29, the
space within the chamber and exterior to the
bellows being directly in communication with
the conduit 26. A resilient bellows member 38
fixed at one end to the base-plate 15 has its
interior space in free communication with the
interior space of the bellows member 29 by means
of a conduit 8i. The free end of bellows mem-
ber 30 is attached by means of a link 32 to the
lower end of the floating lever 24, the relative

- disposition of these parts being such that the

Yoot
W
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line of action of the link 32 passes through the
axis 23, and with the bellows membver 38 in 2
state of repose, the point of attachment of the
link 82 to the floating lever 24 will lie upon said
akis. Tapped off the conduit 8f is & bleeder or
vent 83 to the atmosphere, the same having in-
terposed therein & constricted portion, which
may take the form of & throttling valve 35.
‘There may also be connected to the conduit 34 &
stationary chamber 35 having ifs internal volume
adjustable, as by a piston 38 adapted to be posi-
tioned by & manually operable screw member 37.

The internal arrangement of the three-way
valve 18 is shown diagrammatically in Fig. 2.
A body member 38 has internally located there-
in two opposed conical seating surfaces 2§ and

. 48, either of which may be engaged by & hel
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direct connection to the diaphragm top of ths

pneuinatically actuated valve {f. This valve,
being of the direct-acting class, will tend to close
with increase of pressure in the conduit 26, and
vice versa.

Tixed to the base 15 is a bellows assembly 27
consisting of & closed chamber 28 having therein

78

member 41 carried on the upper extremity of &
stem 42, thus serving to place an outle; port L&
in communication with an inlet port 44 or with
a vent port 48, according to, whether the ball is
in its low or its high position. This form of vaive
provides & delicate control of air pressure in

‘any conduit or associated apparatus connected

to the outlet port, and, being well known in the
art of pneumatic control, here demands noc
further elucidation.

OCuperation of the control system as shown in

‘Fig. 1 may be described as follows: Assume there

first to exist a steady-state condition, in which
the supply of heating agent through {he valve
£ is exactly equal to the demand in order (o
maintain the temperature at the precdsiermined
vaiue. The Bourdon spring (0 will serve to
position the upper end of the lever &5 in accord-
ance with this value. Ths system being \'1
equilibrium, the pressure in conduit 26 will
steady, and the interiors of hellows members &
and 38 will assume the pressure of the atmobm
phere, with which they arz in communication
through the conduif 3f and the vent 88, Rellows
member 88 will assume & position of repose as
determmed by its resiliency, and, through the
link 82, will position the lower end of the lever
24, so that the point of atlachuimens the Hnk
82 to the lever 24 will lie on the axis 23 ebout
which swings the vane membser £2. The vane
32 wiil thus be given in relation to Uhe orifice
24 o definite optimum position corresponding to
s steady-state condition in ihs control system.

Consider now & condition in which the tem-
perature under regulatmn manjfesis & fendency
to rise. This will be reflected in an increase i
finid pressure within the bulb {2 and the Bourdo:
spring 4, and a consequeni deflection. of the
upper end of the floating lever 26 toward the
righ{, whereby the vane 22 will be defiecied awey
from the orifice member 2{, permitting an in-
creased escape of air from the same and causing
the pressure of air in the condult £9, as limited
by flow through the constriction 28, to be
lowered, with a corresponding axial shortening of
the bellows member {8 and & movement of the
velve {6 in a sense to increase air pressure in




the conduit 26 and all members communicating
therewith. The immediate resuitt of the in-
creased pressure in conduit 28 is to cause the
valve {1 to close and decrease the flow of heating

agent to the space within the chamber 190, thus -

tending to compensate for the original tendency

toward rising temperature. -During this part of"

the cycle, the lever 24 may be considered as
swinging about the point of attachment to the
link 32 as a fulecrum; and, this point of attach-
ment lying in the axis 23, the deflection of said
vane member will be exactly proportional to that
of the Bourdon spring 4. _

A further resuli of the increase of pressure
in the conduit 2§, and therefore in the chamber

28, is an immediate compression of the bellows '

member 29, and = consequent expulsion of air
therefrom, which air tends to pass freely through

the conduit 3{ to the bellows member 30, expand- .

ing the same and moving the fulcrum of the
floating lever 24 toward the left, which action
tends to annul the original control effect. The
conduit 3i being in communication with the
atmosphere through the constricted valve 34 and
the vent 33, and the pressure therein having been
increased by the inherent resiliency of the bel-
lows member 36 acting in opposition to the flow
of air thereinto from the bhellows member 28,
there will be a tendency for air to flow slowly
out through the vent until the interior space is
" again at atmospheric pressure, the bellows mem-
ber 30 restored to its normal position of repose,
"and the vane to its original deflected position
_subject solely to the Bourdon spring 14.
Similarly, it will be seen that upon & decrease
in temperature in the chamber {8, the vane 22
will be deflected by the Bourdon spring {4 to-
ward the right, which action will be followed by

. 9,825,108
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-cation with the conduit 56.
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and adapted to control the pressure of air from &
constant-pressure source 55, as exerted through

.6 conduit 56 on the operating element of the

regulating valve 52. The three-way valve 64 is
operably assoclated with & bellows member §7,
receiving air from the source 55 through a con-
duit 58, having therein a constricted portion 68,
and subject to regulation of its internal pressure .
by the rate of escape of air through a double-
opposed orifice member 66 having juxtaposed
thereto a vane member 6{ rotatable through a
small angle about & pivotal support or axis 62 on
the base 53. A floating lever 68, pivoted at its
mid-point upon the structure of the vane member
61, has one of its extremities operatively attached
by a link 64 {o the Iree end of the Bourdon
spring 51, _ ' v
Mounted on the base 53 is a bellows assembly
6% consisting of a closed chamber €6 having
therein & resilient collapsible bellows member §7,
the annular space within said chamber and ex-
terior to the bellows being directly in communi-
Mounted upon &
plate 68, angularly adjustable about an axis 88

- and carried by the base 53 is a resilient bellows

member 10, having its interior space directly in-
communication with that of bellows member 87
through a conduit 71 having & portion 72 flexible
to permit angular adjustment of the plate 68 and
the bellows member 70 carried thereby. Formed
in the plate 68 is an arcuate slot 13, whereby the
adjusted position of the plate may be definitely

- fixed by means of a screw 14 threadedly engaging

a momentary defiection toward the left as the -

bellows member 30 temporarily contracts, after

which the equalization of interior and exterior

pressures in the bellows member 30 will cause
the vane to move gradually toward the right until
the bellows member 80 resumes its normsal posi-
tion of repose. This action of momentarily op-
posing the control effect, and subsequently and
gradually withdrawing the opposition, has been
found under many types of operating conditions
to minimize any tendency toward “hunting” and
to produce a stable control. )
Adjustment of the rate of response of the bel-
lows member 30 to movement of bellows member
29, and of its subsequent return to norma} di-
mensions, may be effected both by varying the
amount of opening of the valve 34, and by ad-
justing the internal volume of the chamber 38
by positioning the piston 38 through manipula-
tion of the screw 387, Compensation may thus be
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the base plate. Tapped off the conduit 11 is a
bleeder or vent 18, having interposed therein a
constricted , portion, which may take the form i
of a throttling valve 78. ]

Pivoted to the plate 58 is s bell-crank lever
member 17 having opposed extensions carrying a
plurality of tapped holes or the like, arcuately
disposed, and, in the neutral position of the ele-
ments, &s shown in the drawings and correspond-
ing to equal internal and external pressures on
bellows member 10, concentric with the axis 8.
The holes 78 serve as points of selective attach-
ment for a pivotal connection with g link or ex-
tension 78 carried by the free end of the bellows
member 10, whereby the latter may be caused to -
move angularly the member 77 in g direction de-
pending upon which of its opposed extremities is

. selected for attachment of the link 18, and to an

extent governed by the radial distance of the

. selected hole from the center of rotation. A

b6

lever arm 80 forming a part of the bell-crank
member 17 is operatively attached to the free

- extremity of the floating lever 63 by means of a

made for different thermal inertia characteristics - .

as manifested in different types of apparatus to
be made subject to automatic temperature regu-
lation,

In Fig. 3 is.shown a control system embodying

the principles of the invention In an alternative
form, the basic control being effected in a man-
ner identical with that above set forth. A closed
vessel 48 in which it Is desired to maintain s
predetermined constant temperature, as meas-
ured by a temperature sensitive bulb 50 com-
municating with a Bourdon spring 581, is arranged
to have steam or other suitable heating agent
admitted to its interior space through a fluid-
pressure-actuated - flow-regulating valve B2.
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Mounted on & suitable supporting base 53 is & -

three-way valve 54 of the form shown in Fig. 2,

76

link 81, whereby such motion as the bell-crank
member may receive from the resilient bellows
member 10 will be imparted to the said floating
lever, and will thereby be combined with the
movements of the Bourdon spring §{ in position-
ing the vane member §i. The proportioning and
location of the floating lever 63 are made such
that the pivot point of attachment of the link 81
to the floating lever may in Its travel pass
through the axis 62, and the length of the link
8{ is made such that when the bell-crank mem-
ber 17 lies with the arc upon. which are located
the holes 78 concentric with the axis 89, the said
pivot point will coincide with the axis 62.

The operation of the primary control elements
of the embodiment shown in Fig. 3 is identical
with that set forth in connection with the form
shown in Fig. 1, the valve 52 tending to be auto--
matically positioned by the control mechanism
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to admit to the chamber &9 a flow of heating
agent -sufficient to maintain or restore thermal
- equilibrium at the predetermined temperature
value.
‘conduit 56 will be transmitted to the interior of
the chamber 85, tending to affect the dimensions
of the bellows member 87, and thereby to deflect
the bellows member 10, thus acting through the
bell-crank member 11 and the link 81 to super-

impose a stabilizing movement on the floating

lever 63 and modify the positioning of the vane
6! in a sense to damp out oscillations otherwise
inherent to the system of control. The intensity
of the secondary action may be adjusted to exist-
ing conditions by a suitable selection among the
pivot locations 18, the bellows member 70 being
subjected to a corresponding angular displace-
ment by setting of the plate 88.

Connecting the link 79 to the member 17 alter-
natively on one side or the other of the latter’s
axis of rotation effects a reversal of the secondary
control action, and makes possible the selection
between two methods, each of which is especially
applicable in particular cases. The proportion-
ing and adjustment of parts is such that with the
elements of the control mechanism brought to
the neutral position, as shown in Fig, 3, where
the center of the arc of location of the holes 18
coincides with the axis 69, the plate 68 carrying
the bellows 10 may be set in any desired position
in its range of adjustment without disturbing
other adjustments of the mechanism.

In the event of there being desired a higher
degree of resiliency to restore the bellows mem-
ber 10 to its normal position of repose, resort
may be had to means such as set forth in Fig. 4.
A bell-crank member 82, corresponding to the
bell-¢rank 1T in Fig. 3, is provided with a radial
projection 83, from which a tension spring 84 is
connected to an abutment 85 affixed to the frame
of the mechanism. The tendency of this spring

" will be to maintain the bell-crank 82 in a position
where the point of pivoting of the same will lie
on a straight line with the points of attachment
of the spring 84 to the projection 83 and the
abutment 85, which position may be made to
correspond to the neutral point or position of
- repose of the bellows member T0.

In Pig. 5 is shown an alternative form of the
invention, particularly suited to the utilization
of & non-elastic fluld in the auxiliary control.
The function and arrangement of the floating
Jever 86 and the main regulating valve 87 shown
in this figure are identical with those of the lever
24 and the valve 1§ shown in Fig. 1; and the gen-
eral method of basic control is in all respects
identical with that hereinabove set forth. A
condult 88, serving to convey pressure fluid to the
valve 87 for the purpose of controliing the same

“in a manner identical with that above set forth,

communicates also with a bellows member 89,
making the same responsive in all its movements
to the pressure of the fluid in the conduit 88, and
tending at all times to take up a position corre-
sponding to that of the valve 81. Mechanically
attached to the bellows member 89, but having
ho interior communication therewith is a bellows
member 96 fixed to the frame of the instrument.
Also fixed to the frame of the instrument is a
bellows member 92, communicating freely with
bellows member 80 through a conduit 93 and op-
eratively connected by means of a link 94 to the
extremity of floating lever 88 in a manner similar
to the attachment of link 32 to lever 24 in Fig. 1.

" Communicating with conduit 93 is & conduit 88

Variations in the control pressure in the -
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having therein & constricted portion, as, for ex-
ample, a throttling valve 96, and entering & tank
or open reservoir 97. The system comprising
bellows members 80 and 92 and conduits 93 and
88 is normally filled with an inelastic fluid, such
as thin oil, the reservoir 97 also containing suf-
ficient of the same fluid that under no conditions
may air obtain entry to the conduit 85 or any
other part of the auxiliary control system.

- Operation. of the invention as shown in Fig. 5
is similar to that of the elastic-fluid-filled types
shown in Figs. 1 and 3; but the incompressibility
of the liquid content of the bellows members 90 and
92 will render definite and positive the response
of the latter to movements of the former, except
as the combined resiliencies of the said members
may cause liquid to pass through the conduit 95
and the constriction 96 into or out of the tank

‘97, thus providing the time element of ultimate
.response which characterizes the performance of

the inverntion.

A further alternative form is shown in Fig. 6,
wherein the several elements of the mechanism
are “nested” in a manner to effect compactness
of comstruction. A hollow cylindrical shell 98
has concentrically positioned within it an outer
and an inner resilient bellows member 99 and
100, respectively, the interior of the inner mem-
ber 100 being open and in free communication
with the atmosphere. One of the two annular
chambers, for example the outer chamber 101, is
connected in a manner similar to chamber 28 in
Fig. 1 to the three-way valve and pressure-actu-
ated regulating valve of a basic'control system of
the type hereinabove set forth. The other (in-
ner) chamber 102 is vented to the atmosphere
through a conduit 103 having a constricted por-
tion, as a throttling valve 104. 'The interior of
bellows member 100 is operatively attached by
mesans of a link 105 to an extremity of a floating
lever 106 in a manner exactly similar to, and
with the same function in view, as the connection
between link 3% and lever 24 in Fig. 1.

The performance of the combination will be
such that a change in fluid pressure, as com-
municated from the control system to the cham-
ber 101, will act on the exterior of bellows mem-
ber 98 to compress the same, which action will at
first immediately be communicated through the
air contained within the annular chamber 102 to
the bellows member 100, producing motion of the
link 105 and of the extremity of the floating lever
106, effecting a compensating action similar to
that set forth in connection with the previously
deseribed embodiments of the invention. Sub-
sequently and gradually, as permitted by the
equalization of fluld pressure through the con-
striction 104 to or from the atmosphere, the re-
sillency of the bellows member 99 will cause it to
assume its normal position of repose with its
exterior surface at atmospheric pressure, thus
restoring the lower extremity of the lever (06 to
its original position, and effecting the secondary
and delayed action of the auxiliary control.

In the event of its being desired to augment the
normal resiliency of bellows member 108, resort
may be had to a spring combination similar to
that shown In Fig. 7. As shown, there are piv-
otally mounted on a base plate 187 two opposed
lever arms (08 and 109 normally maintained by
& tension spring (10 in engagement with stops
I and 112, forming parts of the plate 107. A
pin 113, carried by the lower end of the floating
lever 106’ rests in the space between the lever
arms in such a manner as to be maintained
thereby in the neutral or normal position of
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repose.. Upon deflection of the lever 106’ in
either direction by action of the link 105, one or
other of the lever arms will yield in opposition
to the tension of the spring 119, which will act
to restore the moving parts associated therewith
to their normal position of repose, as the pressure
of the fluid within the chamber 102’ becomes

- equalized with atmospheric pressure due to de-
layed flow through the constriction 104’,

In Fig. 8 is shown s form of the invention in
which the auxiliary control having & time-delay
characteristic is derived directly from motion of
the main regulating valve, rather than from
changes in air pressure governing said valve. A
regulating valve 115 in & pipe line 116 is adapted
to -be operatively controlled by pressure of the

16

carrying g heating agent or the like to be regu-
lated, is adapted to have its degree of op:ening
controlled by a pressure fluid in & conduit 139

-connecting the operating element of valve 131

with a three-way valve (not shown and identical
in connection and function with those herein-
above set forth). ‘.

Carried on a stationary support 140 is a posi-
tion motor {41 similar to motor 13§ and having
its moving element operatively associated with
the stem of valve {37, as by & crank-arm 142

" attached to the moving element of the motor and

having therein & slot 143 engaging a pin 144.

" carried by the valve stem. The internal windings

15

fluid in g conduit 117 leading from a three-way .

valve (not shown and similar in construction
and arrangement to those hereinabove fully set
forth and described). Al
ried by a bracket 119 fixed to the body of the
valve 115 is adapted to have its length, and there-
fore its internal volume, varied in response to
movements of the valve ({8 by means of an arm
120 carried by the stem of said valve.- A second
bellows member {21, carried on a stationary sup-
port 122 is attached by a link 123 to & floating
lever 124, adapted to function as an element of
& conirol mechanism in s manner identical with
the several similar fioating levers hereinabove set

A bellows member 118 car~"

20

80

forth. A conduit 25 provides free communica- -

tion between the interior spaces of bellows mem-
bers 118 and 121, and also communicates with the
atmosphere through the throttling valve 126,
The operation of the embodiment shown in. Fig.
8 is similar to those hereinabove set forth, the
action of the auxiliary control system being de-
rived from motion of the bellows member {{8, as
derived from movement of the valve 115 through
the arm £28. Upon a change in position of this
valve, the corresponding change in dimension of
the bellows 118 will cause a change in pressure
of the air in conduit 125 and bellows member {21,
whereby the lower extremity of the floating lever
i24 will be moved, and the control modified as in
the embodiments hereinabove set forth. As the
pressure within the conduit 125 becomes equalized
with that of the ambient atmosphere by seepage
through the constricted valve {28, the bellows
member 121 will be restored to its normal dimen.
sion, and the lower extremity of the fioating lever
to its position of repose, thus retracting the
* original auxiliary control action. :
In Fig. 9 is shown s form of the invention, in
"which the movement of the auxiliary control
elements is derived from that of the regulating’

86
40
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" les the essence of the invention.
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yvalve through the medium of an electrical tele- -

metering system of the instantaneous type.
Mounted upon a common support 127 are two re-
silient bellows members 128 and {29, communi-
cating freely with each other by means of a
conduit 130 and restrictedly with the atmosphere
through a throttling valve 131, Bellows member
129 is attached by means of & link {32 to the
lower extremity of a floating lever 133 whose
function in control ig identical with that of the
floating levers hereinabove get forth. . Carried by
the support 127 is a position motor (34 (such ag
the well-known “Selsyn” type), having its mov-
ing element connected through & crank-arm {35
and 8 link {36, to the bellows member 128, where-
by movement of the moving element of said posi-
tion motor will be communicated to the said bel-
lows member, effecting & change in its internal

80
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of-the position motors 134 and 14! are connected
together by a three-conductor circuit (45, and
to synchronous sources of alternating current 146
and 147, respectively, whereupon, in accordance
with principles well known in the art of auto-
matic control, the moving elements of the two
motors will tend to assume corresponding posi-
tlons in space. :

In operation, any movement of the stem of the
valve {37 subject to pressure variation in con-
duit 138 will be communicated to the rotating
element of the position motor 14f and immedi-
ately reproduced by position motor 134, causing
the bellows member 128 to change its internal -
volume and produce in bellows member {28 an
Immediate response and & corresponding move-
ment of the lower extremity of floating lever 188,
with an auxiliary effect on the elements govern-
ing the pressure applied to the main reguleting
valve as hereinabove set.forth. As the pressure
within the conduit 430 becomes equalized with
that of the ambient atmosphere by seepage
through the constricted valve 131, the resilient
bellows member 129 will be restored to its normal
dimension, and the lower extremity of the float-
ing lever 183 to-its position of repose, thus re-

“tracting the auxiliary control action.

Fig. 10 shows an embodiment of the invention
in which the primary or basic control, instead of
being pneumatic, as hereinabove set forth, is elec-
trical, the only utilization of fluid pressure in the
control .system being in the bellows members,
communicating freely with each other and re-
strictedly with the atmosphere, in which feature
A Bourdon
spring 150 connected by a capillary tube 15¢ to
& bulb 162 containing an expansive or volatile
fluid, forms an element responsive to changes
in temperature to which the bulb may be ex--
posed. The bulb 152 is located in & chamber or
enclosed space (hot shown in the drawings, but
similar in all respects to chamber {8 in Fig. 1)
whose temperature is to be regulated to a con-
stant and predetermined valué by the vontrol
of a heating agent, such as steam, admitted to
sald chamber through & pipe (83 having therein
& regulating valve 164, adapted for operation in
elther direction by & reversible electric motor §55.
Operation of the motor 186 is effected by means
of an electric circuit including & source of. sup-
Ply 188, stationary contacts 167)and 158, with
either of which may coact a movable contact §59,
together with such interconnecting conductors
that when contact 188 engages contact $58 the
motor will be operated in a direction to close the
valve (84, and when contact 159 engages contact
{87, the motor will be operated in a sense to'open
the valve, this system of control being standard
practice and well known in the practice of suto-
matic regulation of temperatures and the like,

volume, A regulating valve 137 in & pipe line {38 75  The contact (88 is carried by an arm 180, swing-
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able through a small angle sbout a stationary.

axis 161, and bearing a pivot upon which Is
mounted at its intermediate point a floating lever

162. One extremity of the floating lever 162 is -

connected by & link 163 to the Bourdon spring
{50. The remote extremity of the floating lever
162 is provided with a pivot point 164, which may
be brought into alignment with the axis (61,

resilient bellows member 165 mounted on a sta-
tionary support 166 is operatively connected by
means of & link 167 to the pivot point 164 on the
lever 162, so that the position taken by the inter-
mediate fulcrum of said lever, and hence of the
contact 159, will be subject to the joint influence
of the Bourdon spring 150 and the bellows mem-~
ber 165. Also -mounted on support 186 is & re-
silient bellows member 167. The interior spaces
of said bellows members communicate freely with
each other by means of a conduit {68 and re-

strictedly with the atmosphere through a throt--

tling valve 169.

A position motor 178 is carried by the support
168, and has its movable member operatively
connected by means of an arm 71 and & link
172 to the bellows member 1871. A position mo-
tor 113, adapted for electrical coaction with mo-
tor 110, is fixed in relation to the body of the
regulating valve 154, and has its moving element
adapted for positioning in correspondence with

the valve 154, as by a gear sector 174 mounted on 3

the moving element of the -position motor and
meshing with a pinion {18 forming & part of the
" motor 153 and definitely assoclated with move-
ments of the valve 164. The interna] windings

of the position motors 176 and (13 are connected

together by & three-conductor circult 118, and to
synchronous sources of alternating current
(which may be embodied in the common source
156 as shown) by two two-conductor circuits {17
and (78, whereupon, in accordance with principles
well known in.the art of automatic electrical
control, the moving elements of the two posi-
tion motors will tend to take up corresponding
positions in space.

For the purpose of explaining the operation of
this apparatus, conditions may first be consid-
ered in which the pivot 164 lies on the axis {81,
which corresponds to the normal position of re-
pose of the system. Basic or primary regula-
tion of the valve 154 in response to variations of
temperature at the bulb 152 will then be effected
as hereinbefore set forth, with a resulting tend-
ency to maintain the sald temperature at a defi-
nite and predetermined value. Any movement of
the motor (58 in a sense to change the setting
of the valve 154 will at the same time be com-
municated through the pinion 176 and the sector
114 to the position motor 113, and thence to the
position motor {70 and bellows member 187,
changing its internal volume and thereby vary-
ing the pressure of the contained air, with a re-
sultant immediate response of bellows member
165 and a movement of the upper extremity of

_the floating lever 162 away from its position of
repose, glving a resultant secondary movement
of the contact 159. The secondary movement of
the contact 159 may be in a sense to increase
the original movement due to deflection of the
Bourdon spring or to decrease said movement,
according to the requirements of the system to be
regulated, selection between these two relative
actions being dependent upon the relative direc-
tional action of the position motors i13 and 178,
and this, in turn, depending upon the electrical
connections. As the pressure within the conduit
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168 becomes equalized with that of the ambient
atmosphere by seepage through the constricted
valve 168, the resilient bellows member 165 will be
restored to its normal dimension, and the pivot
point 164 on the floating lever 162 will resume its
normal position of repose lying on the axis 161,
thus retracting the secondary control action in-
troduced by the auxiliary mechanism, including
the position motors and the bellows members.

In Fig. 11 is shown a form of the invention in
which an electric-motor-operated valve is caused
to actuate directly- the auxiliary control having a
time-delay characteristic, without the interposi-
tion of a telemetering system or its equivalent.
In this embodiment a regulating valve 180 Is
adapted for operation in either direction by a re-
versible electric motor 181, actuated through a
three-conductor circuit 182 1n a manner identical
with the motor 185 shown in Fig. 10. A bellows
member (83 carried by a bracket {84 fixed to the
body of the valve is adapted to have its length,
and therefore its internal volume, varied in re-
sponse to movements of the valve 180 by means
of an arm 185 carried by the stem of said valve,

A second bellows member 188 carried on a sta-
tionary support 187, is attached by a link 188 to
a floating lever (89 adapted to function as an
element of an electrical control mechanism in a
manner identical with the floating lever 162 in
Fig. 10, A conduit 190 provides free communica-
tion between the interior spaces of bellows mem-
bers {83 and 186, and also communicates with
the atmosphere through the throttling valve (91.

Operation of the embodiment shown in Fig. 11
is similar to those hereinabove set forth, the elec-
trical control being identical with that explained
in connection with the embodiment shown in
Fig. 10, and the auxiliary time-delay control
identical with that explained in connection with
the embodiment shown in Fig. 8, so that upon the
motor 181 moving in response to the action of
electrical contacts 192, the resulting motion of
the stem of valve 180, acting through the arm
188, will change the dimensions of bellows mem-
ber (83, thus causing the pressure within the
conduit 190 and the bellows member 188 to be
varied, with a corresponding movement of one
extremity of the floating lever 189. The reaction
upon the electrical contacts 182 is identical in
manner with the performance of the embodi-
ment shown in Fig. 10; after which, as the pres-
sure in the bellows member 188 becomes equalized
with that of the ambient atmosphere by seepage
of air through the constricted valve 191, the bel-
lows member 186 will be restored to its normal
dimension and the secondary control action grad-
ually withdrawn. .

While the several embodiments of the inven-
tion as hereinabove disclosed and illustrated have
been shown as directed to the control of a valve
for regulating the passage of a flowing fluld, it
will be obvious to those versed in the art that the
principles are equally applicable to the position-
ing of an electrical contactor or a rheostat, or
other type of regulator for controlling the flow
of electric current to & heating device or other
means for affecting the magnitude of a condition
to be controlled, such, for example, as disclosed
in U. 8. Letters Patent No. 1,685,995 issued Oc-
tober 2, 1928,

Iclaim:

1. In a system for automatically regulatlng e
variable condition to a predetermined value, in-
cluding power-operated means for controlling the
flow of an agent to affect said condition, & mem-



2,325,108

ber sensitive to changes in the value of said con-
dition, relay means for governing the application
of power to said power-operated means, and
means rotatable through a limited angle about
an axis for commanding the application of power
through said relay means to said regulating
means for operating the same; a resilient fluid-
pressure-responsive member subjected only to a
substantially constant external pressure and hav-
ing an inside closed space.adapted to receive
_ fluid under pressure in immediate correspond-
-ence with and in exact proportion to changes in
said regulating means, and means for gradually
equalizing inside and outside fluid pressures on
said member, g floating lever intermediately piv-
oted on said commanding means and having piv-
ot means on its respective extremities operatively
and respectively connected to said sensitive mem-
ber and to said resilient member, whereby the
said commanding means may partake of the re-
sultant motion of both said members.
2. In a system for automatically regulating a
. variable condition to a predetermined value, in-
cluding' power-operated _mean‘s for controlling
the flow of an agent to affect said condition, a
member sensitive to changes in the value of said
condition, relay means for governing the appli-
cation of power to said power-operated means,
and means. rotatable through a limited angle
about an axis for commanding the application of
power through said relay means to said regulat-
ing means for operating the same: a resilient
fluid-pressure-responsive member exteriorly sub-
jected only to a substantially constant fluid pres-
sure, and having an inside closed space adapted
to receive fluid under pressure in immediate cor-
respondence with and in exact preoportion to
changes in said regulating means, and means for
gradually equalizing inside and outside fluid
pressures on said member, & floating lever inter-
mediately pivoted on said commanding means
and having pivot means on its respective extremi-
ties operatively and.respectively connected to said
sensitive member and fo said resilient member,
whereby the said commanding means may par-
take of the resultant motion of both said mem-
bers, the pivoted connection of said resilient mem-
ber to said floating lever being adapted at a point
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in its excursion to coincide with the axis of rota-
tion of sald commanding element, said point cor-
responding to a condition of equality of inside
and outside pressures on said resilient member.

3. In an automatic control system: a fluid-
pressure-actuated valve device for controlling a
condition, mechanism responsive to changes in
the condition for regulating the same, and ad-
justment means for the responsive mechanism,
comprising a bellows affected by the valve device
in accordance with the condition under control,
movable fluld-pressure-actuated means connect-
ed with the said bellows and with the responsive
mechanism, and having restricted communica-
tion with an external atmosphere.

4, In an automatic control system: valve
means responsive to & variable force for regulat-
ing a flow of energy, & first resilient member hav-
ing an internal space of variable volume and
adapted to be actuated to vary said volume si-
multaneously and in direct proportion to move-
ment of said valve means, & second resilient mem-
ber having an internal space of variable volume
in free communication with that of said first
member and subjected only to the difference be-.
tween the fluid pressure therein and atmospheric
pressure, and a constricted bleeder vent permit-
ting g gradual equalization of pressures internal
and external to said second resilient member, the
sald second member affecting the variable force

- to which the responsive means is subjected.
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5. In a control system having a fluid-pressure-
actuated regulating member and a device for
commanding the action of said member through
control of the pressure applied thereto: variable-
volume means communicating directly with the -
regulating member to have its internal volume
varied in immediate correspondence with and in
exact proportion to the action of the fluid pres-
sure exerted upon said member, fluid-pressure-
responsive means adapted. to affect said. com-
manding device, in free communication with said
variable-volume means and in restricted com-
munication with the atmosphere, said fluid-pres-

sure-responsive means responding only to the

difference in pressure within the variable-volume
means and atmospheric pressure.
CARLTON W. BRISTOL. .




