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Charles H. Thompson, Walter . Trumbower,

and Robert Buhner
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5 Claims.
l |

This invention relates to positioners and more
particularly to apparatus for providing accurate
positioning of a fluid motor of the type employed
with motior operated valves and in other apnlica-
tions.

It is the principal object of the present inven-
tion to provide a positioner which will be accurate
In. its operation with adequate senmtimty and
Speed.

It 1s a further object of the present inveniion
to provide a positioner which may be directly built
into the diaphragm chamber of 3 motor operated
valve.

It is a further object of the present invention
to provide a positioner having an improved ar-
rangement of range spring, pressure responsive
element, and pilot valve, |

It is a further object of the present invention
to provide a positioner having s range spring
supported directly by the diaphragm of tha p.t es-
sure responsive motor.

It is a further objJect of the present invention
to provide g positioner in which the control ele-
ments are mounted directly on the casing of the
motor diaphragm of the fluid operated motor.

It is a further object of the present invention
to provide a positioner having a controlling dia-~
phragm and in which the pressure effective on the
fluid operated motor is cancelled out.

It 1s a further object of the present mventmn
to provide a positioner in which the throttling
range may be controlled by variation in dia-
phragm sizes in the control mechanism.

It is a further object of the bresent invention
to provide a positioner with provisions for a sva-
bilizing action.

It is a further object of the present 1nve11t10n

to provide a positioner having an improved bypass |

valve arrangement. -
It is a further object of the present mventmn

to provide a positioner having a bypass which will
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permit of removing the indicating gages from the

circuit without interference with the omeratlon of

the motor.

Other objects and advantageous features of the 45

invention will be apparent from the speci

and claims.

The nature and characteristic features of the
invention will be more readily understood from
the following description, taken Iin connection
with the accompanying drawings forming part

hereof, in which:

cation

Figure 1 is a top plan view of a positioner in -

accordance with the present invention;
Fig. 2 is a vertical sectional view taken appl oxi~

mately on line 2—2 of Fig. 1;
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Fig. 3 is a horiozntal sectional view, partly dia-
grammatic, taken approximately on the line 3—3
of Fig. 2 and showmg the bvpass valve 111 one
position;

Fig. 3A is a fragmentary view similar to Flg 3
showing the bypass valve in another position;

Fig. 4 is a vertical sectional view, partly dia-
grammadtic, taken approximately on the lme A—4
of Flig, 3; and

Fig, 5 is a fragmentary vertical sectwnal view
taken approximately on the line 5—5 of Fig. 2.

It should, of course, be understood that the
description and drawings herein are illustrative
merely, and that various modifications and
changes may be made in the structure disclosed
without departing from the sp1r1t of the inven-
tion.

Like numerals refer to like parts throughout
the several views.

Referring now more partlcularly to the draw-—
ings, in which a preferred embodiment of the
invention is illustrated, upper and lower sections
10 and 11 of a diaphragm motor casing are shown
with a motor diaphragm (2 interposed there-
between in the usual manner. The diaphragm {2
has a stem 13 connected thereto for movement
therewith and the stem 13 is connected to a valve
plug (not shown) or other controllmg element to
be p051t10ned . ~

The lower casing section {1 has a. downwardly |
extending portion {4 with a shoulder 15 at the
lower end thereof for engagement by one end
of a diaphragm return compression spring (8.
The other end of the spring {6 is in engagement
with the under side of the motor diaphragm 12.

The upper casing section 10 has an upper end
wall {7 on which a bypass valve housing 18 is
secured. Above the housing 18, diaphragm
housing sections {9 and 20 and an upper housmg |

21 are secured.
Within the interior of the upper casmg sectmn-

{0 and the housmn- 1 8, diaphragm connectors are

provzded which mclude a range determining com-~
pression soring 22 in engagement with the motor
dlaphragm 12 and with a spring abutment 23
carried on a connector 24_ The connector 24 is
in turn in abutting relation to a diaphragm

assembly hereinafter described. The connector

24 extends on opposite sides of a sealing dia-

‘phragm 89 which centers it and the seat or abut-

ment 23 for the spring 22 and permits removal of

~ the p&ltS above the housmg {8 without loss of

f:lmd while the motor dmphraem {2 is m epera—

- tion. | o
The dlaphragm assembly preferably meludes a
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compound diaphragm 25 of the type shown in the
prior application of Charles H. Thompson, for
Pneumatic Control Apparatus, Serial No. 21,830,
filed April 19, 1948, interposed between the bypass
housing {8 and the housing section 19, anc hav-
ing a supply connection 254 extending between
the separated diaphragms. An
diaphragm 26 is interposed between the housing
section 19 and housing section 20. The dia-
phragm 26 is of different and preferably larger
effective area than the diaphragm 2%. An upper
diaphragm 27 is interposed between the housing
section 20 and the upper housing section 21, and

preferably has the same effective area as the dia-

phragm 25. The diaphragms 25, 26 and 21 are

preferably connected together for simultaneous

movement by a connector 28 and provide cham-
bers 29, 30, 3{ and 32 to which reference will be
made. The chamber 3( is vented to the atmos-
phere through a port 33.

The upper face of the diaphragm 27 has one

end of a zero adjusting compression spring 39

in engagement therewith, the other end of the
spring 35 being in engagement with a spring
abutment 36, the position of which is adjustable
by means of an adjusting screw 37T sealed against

fluid leakage by a packing ring 34, carried in the:

upper housing 21.

Within the upper housing 2t a pilot valve

is provided which includes a valve rod 38 hav-

ing a valve ball 39 carried thereon and an
upper stem section 40. A compression Spring
5{ mounted on the upper stem section 40 is In
engagement with the ball 39 and with an interior
abutment in a closure plug 41.

The closure plug 41 may also have mounted
thereon a cover 42 held in removable engage-
ment by screw 43 for enclosing the upper end
of the adjusting screw 31.

The valve ball 39 is adapted to seat under cer-
tain conditions on a valve seat 4% formed in a

sleeve 46 secured in the upper housing 21 and
along which the abutment member 36- is guided.

in its adjustment. The lower end of the valve
rod 38 is preferably provided with a seating
portion 471 for seating engagement in a valve

seating member 48 connected to and movable.

with the diaphragm connector 28. The valve
rod 38 preferably has a flattened face 49 on one
side thereof (see Fig. 4) for providing a con-
tinuous flow of a limited quantity of fluid, for

purposes to be explained. The valve seating

member 48 is provided with passageways 80 in

communication with the chamber 31 between

the diaphragm 26 and the diaphragm 21.

The bypass housing section
with a fluid connection. 55 which. is: adapted. to
be. connected by a connector 56 to a suitable

source of fluid under pressure, such as pressure.

regulated and filtered air. The housing section
{8 is also provided with a fluid: connection 57
which is adapted to be connected by a fluid con-
nection 58 to the control or instrument pres-
sure which is intended to determine the position-
ing of the motor diaphragm (2 and rod I3.

Within a tapered bore in the housing section
I8 a bypass valve plug 60 is provided, held In
position by a spring 61 and with an externally
disposed operating head 62 and indicating stop
finger 63 (see Fig. 5). The valve plug 63 is
movable between stops 52a and 62b from a posi-
tion in which the diaphragm assembly is effec-
tive, indicated on Fig. 5 as “Positioner,” to a
position for bypassing the diaphragm assembly,
indicated on Fig. b as “Bypass.”

intermediate:

{8 is provided.
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The valve plug 60 is provided with a passage-
way 64 for communication, at the “Positioner”
setting, with the supply connection 5% and with
passageways 65 extending through the housing
sections 18, 19, 20 and 21 to a valve chamber
66 in which the valve ball 3¢ is located. The

passageway 25a¢ extends to and communicates
with the passageway 65 for supplying fluid he-
tween the diaphragms of the compound dia-
phragm 25.

A branch connection 671 in the upper housing
21 and in communication with the passageways
65 provides for the mounting in the housing 2|
of an indicating rpressure gage 68 for indicating
the magnitude of the supply pressure.

The valve plug 60 is also provided with a pas-
sageway 10 for communication, at the ‘‘Posi-
tioner” setting, with the control or instrument
pressure connection 51 and with passageways Tl
which extend through the housing sections (8
and 19 to the chamber 30 wherein this control
pressure is effective.

A branch connection 72 provides for the
mounting in the housing 2{ of an indicating
pressure gage 13 for indicating the magnitude
of the control pressure.

The valve plug 60 is also provided with a pas-
sageway 14 for establishing communication, at
the ‘“Positioner” setting, between the chamber
32 and the space above the motor diaphragm [2
through passageways 75 which extend through
the housing sections 19, 20 and 2{ and passage-
ways 16 which extend through the housing sec-
tion 18. The passageway 13 is preferably re-
stricted and for this purpose a restricted section
15¢ may be employed. A branch 75b coennects
to the chamber 29. A branch connection 7T In
the housing 21 in communication with the pas-
sageways 16 provides for the mounting of an
indicating pressure gage 18 for indicating the
magnitude of the fluid pressure applied against
the motor diaphragm 12.

The valve plug 60 is also provided with a pas-
sageway 19 connected to the passageway 10 for
establishing communication at the “Bypass’” set-
ting between the fluid connection 51 and the
passageways 16, the passageway 14 in this posi-
tion connecting the passageways 65 and TlI.

The space at the inner end of the valve plug
60 is vented to the atmosphere through a vent
passageway 81.

The mode of operation will now be pointed
out.

The conditions with the bypass valve plug &9
in the “Positioner” setting will be taken up first.

Fluid under pressure, such as air from a reg-
ulated source and at a predetermined pressure
is supplied to the fluid supply connection 56 and
is effective through the passageway 64 in the
plug 60, the passageways 6% and in the cham-
ber 66. The pressure of the fluid supplied iIs
indicated on the gage 68.

Fluid is admitted to the chamber 32 in ac-
cordance with the positioning of the valve bhall
39 with respect to the seat 45. The fluid in the
chamber 32 is effective on the upper side of the
diaphragm 271 and is further exhausted to the
atmosphere through the action of the seating
portion 47 on the stem 38 with respect to the
seating member 48. The discharge to the at-
mosphere takes place through the passageways
50, the chamber 31 and the vent port 33.

The pressure effective in the chamhber 32 is
also effective on the under side of compound
diaphragm 2% in the chamber 29 through re-
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stricted passageway T15a, passageways 19 and

branch passageway 7T5b, and is also effective in

the space above the motor diaphragm {2, from
the passageways 15 through the passageway 14
in the valve plug 68 and passageways 6.
The pressure applied in the space above the
motor Eliaphvabm i 2 is also available at the in-

dicating gage 78.

The instrument or control pressure Is eﬂ'ec--

tive through the connections 58 and 81, and pas-
sageway Ti to the chamber 30 and is available at
the indicating cage 13. Since the diaphragm 26
has a larger effective areg than the diaphragm.z'.i
the net effective of pressure applied in the cham-
ber 30 is in an upward direction. Upon an in-
crease in the control pressure the diaphragm
assembly hecause of the upward force exerted
thereon will be moved upwardly, thereby moving
the seating member 48 closer to the seating por-
tion 47 and reducing thie discharge and mov-
ing the valve hall 39 further from its seat 49
thus increassing the pressure effective in the
chamber 32 and therefrom in the space ‘above
the motor diaphragsm 1{2. -

The increase in pressure on the motor dla-
phragm {2 moves the same downwardly and de-
creases the force exerted in the spring 22 so that
the upward force exerted by the spring 22 on
the diaphragm assembly is also reduced. The
action will he terminated when the decrease in
force from the spring 22 equals the increase in
force caused by the change in the comml or

instrument pressure.

The action upon a decrease in the instrument:

or control pressure will be the reverse of that
just described with the fluid being exhausted
past the valve member 47.

The condition with the bJD&SS valve plug. Eﬁ
in the “Bypass’” setting will now be described.

The instrument or control pressure is effec-
tive through the connections 58 and 57 and
through the passageways 78 and 74 and down
through passageways T8 to the space ahove the
motor diaphragm (2. The air supply will be cut
oif by the positioning of the passageway 64, and
by the positioning of the passageways 10 and T4
access of fluid to the passageways Tl and 65 will
also be cut off. The passageways 65 and 11 are
then connected together by the passageway T4
S0 that any air trapped in the chamber 30 will
be bled off through the passageway 33. The
three indicating gages 68, 73 and 78 will be dis~
connected from their sources of pressure and

may be removed for checking and cleaning and |

in this position there will be no pressure supplied
apbove the casing 18, so that the entire super-

structure may be removed for cleaning and serv-

icing.

'The flat portion 49 of the tapered end 47 pre-
vents comprlete closing of the exhaust port at
this location at any time. When the positioner
is in equilibrium the valve seating portion 48
wiil be in engagement with the seat above the
Passageways 88 but a bleed will occur at the flat

portion €9 and the valve ball 39 will be g short “°

i

20

6
a direction to increase the valve pressure there
will be a differential in the pressure applied on

- the diaphragms 25 and 27 in a direction to force

the diaphragm assembly downward. This .force
opposes that effective in the chamber 30 but
diminishes to zero at equilibrium and provides
a stabilizing action which keeps the motor dia-
phragm [2 from overshooting. Upon a decrease
of fluid ﬂow the converse will occur.

If the upper diaphragm 27 were larger than
the diaphragm 25 then at equilibrium, after flow
through the restricted passageway 15a has ceased
and the pressures on these diaphragms had be-
come equal, the forces on the diaphragm assem-
bly would be unequal cecause of the difference
In effective areas. The direction of the resultant
force would oppose the direction of the force
exerted by the instrument or control air in the
chamber 38 and thersfore a larger pressure
change in the chamber 30 would be required to
produce the same net change in position as com-
pared with that required when the areas are

- equal.

at)

%2
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40
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distance from its seat to make up the fluid dis-
charged past the flat portion 49. The positioner

wil] move to equilibrium rapidly without any de-
tent or dead spot which might occur if the sup-
ply port and exhaust port were sealed,

Tt is preferred fo provide a restricted passage-

way, such as the section 75q¢, between the cham-

ber 32 and the chamber 29 below the d*aphragm
25,

eIl

ective areas so that when there is fluid flow in

The diaphragms 25 and 27 have the same .

1)

It will be noted that a frictionless couplmg is
brovided between the diaphragm assembly and
the motor diaphragm 12, the range spring 22
engaging respectively with the diaphragm 12 and
the connector 24 which is in engagament with
the diaphragm 25. The pressure in the space
above the motor diaphragm (2, with which the
chamber 28 is in communication, is eﬁectwe up-
wardly cn the diaphragm assembly but at equi-
librium is cancelled out by the pressure effective
on the same area and in the opposite direction

5 in the chamber 32 against the diaphragm 27T.

The coaxia] arrangement of pilot valve, dia-
phragm assembly and range spring perm1t.s of
a compact, arrangement for mounting axially with
the motor diaphragm although other and non-
coaxial mountings could be employed.

I claim:

1. In g positioner for a movabhle member in
an expansible chamber, a plurality of spaced
Eressure responsive members separated to pro-
vide a plurality of chambers and connected to-
gether for simultaneous movement, a resilient
connector between said spaced members and said
movable member, g connection to a ‘source of
pressure fluid, a pilot valve coaxially mounted
with respect to said spaced members, said pilot -
valve having an upper seat in commumcatmn
with said connection and a lower exhaust seat,
2 plunger member movable with respeet to said
seats and positioned by said pressure responsive
members, means for continuously delivering fluid
from one side of one of said seats to the other
side thereof when sszid plunger member is In
closing relation to said seat, a fluid connection

for applying the pressure fiuid from said pllot

valve against said movable member, and 3 con-
nectmn from a source of variable control pres-

ure to one of the ¢hs
sure thersin for positioning saidq plunger.

2. In a positioner for a movable member in
an expansible chamber, a connection to a vari-
able control pressure fluid, a connection to a
regulated supply of pressure fluid, means in-
cluding a pilot valve for delwermg actuatmg
nrassure ﬂuicl to said movable member, Indi-

“cating means for indicating the pressure of at
least one of said fluids, and a bypass valve hav-

ing members mcludmg passageways for estab-
lishing communication between said exDanmbIe-
chamber and said pilot valve in one position, said
members cuttmg off the pressure fluids to- Sald-

1bers for applying a pres- - '
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indicating means in another position and said
bypass valve having passageways for delivery of
the control pressure fluid to said movable mem-
ber in said other position.

3. In a positioner for movable member in an
expansible chamber, a connection to a variable
control pressure fluid, a connection to a regu-
lated supply of pressure fluid, means including a
pilot valve for delivering actuating pressure ftuid
to said movable member, indicating means for
indicating the pressure of said control pressure
fluid, said supwply nressure fluid and said actu-
ating pressure fluid, and a bypass valve having

members including passageways for establishing

communication between said expansible chamber
and said pilot valve in one position, said mem-
bers cutting off the pressure fiuids to a plurality
of said indicating means in another position and
said bypass valve having passageways for deliv-
ery of the control pressure fluid fo said movable
member in said other position.

4. In a positioner for a movable member in an
expansible chamber, a plurality ot spaced pres-
sure responsive members separated to provide a
plurality of pressure fluid chambers and con-
nected together for simultaneous movement, said
chambers including balancing and compensating
chambers effective in opposed directions to each
other, and a control pressure chamber, a resili-
ent connector between said spaced members and
said movable member, a connection to a source
of pressure fluid, a pilot valve coaxially mounted
with respeet to said spaced members and con-
trolled by the positioning of said spaced mem-
bers, a fluid connection for applying the pressure
fluid from said pilot valve in said balancing
chamber, a connection from a source of vari-
able control pressure to the control pressure
chamber for applying a pressure therein for ac-
tuating said valve, and fluid connections from

>
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the expansible chamber to the balancing cham-
ber and to the compensating chamber, the con-
nection to the compensating chamber including a
predetermined restricted passageway.

5. In a positioner for a movable member in an
expansible chamber, a plurality of spaced pres-
sure responsive members separated to provide a
plurality of pressure fluid chambers and con-
nected together for simultaneous movement, a
resilient connector between said spaced members
and said movable member, a connection to a
source of pressure fluid, a pilot valve coaxially
mounted with respect to said spaced members,
said pilot valve having an upper seatl In com-
munication with said connection and a lower
exhaust seat, a plunger member movable with
respect to said seats and positioned by said pres-
sure responsive members, means for continuously
delivering fluid from one side of one of said seats
to the other side thereof when said plunger is in
closing relation to said seat, fluid connections for
applying the pressure fluid from said pilot valve
against opposing face portions of said movable
member and in said expansible chamber, one of
said last mentioned connections including a re-
stricted passageway, and a connection from a
source of variable control pressure to one of the
chambers for applying a pressure therein for
positioning said pluneger.

COLEMAN B. MOORE.
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