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FIELD OF THE DISCLOSURE
0001 The present disclosure relates generally to control valve actuators and,
more particularly, to apparatus to vary effective spring rate for use in diaphragm
actuators

BACKGROUND

[0002] Control valves are used in process control systems to manipulate a flowing
lud, to regulate a process variable to a desired set point, to convey or deliver a
flurd from a source to a destination, etc. A control valve assembly typically
includes a valve body. a shaft or stem, and an actuator to provide the motive
power via the shaft or stem to operate the valve or position a plug or flow control
member within the valve. A common type of actuator for use with a control valve
assembly s a spring and diaphragm pneumatic actuator, which is commonly
referred to as draphragm actuator.
[0003] Typically, diaphragm actuators have a casing to house a diaphragm, a
draphragm plate, an actuator stem, and a spring assembly having one or more
springs. The spring assembly applies a force against the diaphragm plate to return
the actuator stem and a valve or other operator coupled to the stem to a known
position m the absence of a control pressure applied to the diaphragm. In the case
where a simgle spring is used to implement the spring assembly, the spring is
typically centrally located on the diaphragm plate. Where multiple springs are
used, the springs are typically distributed circumferentially about the center of the

diaphragm plate and apply their respective forces directly to the diaphragm plate.
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10004] Regardless of whether one or multiple springs are used to implement the
spring assembly. diaphragm actuators receive a control pressure (o vary gas (c.g.,
air) pressure on one side of the diaphragm to move or stroke the actuator stem and
thereby open and close or modulate a control valve that may be coupled to the
actuator stem. The amount of control pressure required to move and maintain the
actuator stem and. thus, the valve or other operator controlled by the actuator, at 4
given position along its range of stroke, typically equals the force exerted by the
spring assembly plus the force exerted by the valve or other operator on the
actuator stem. The force exerted by the spring assembly typically increases in a
substantially proportional and linear manner as the actuator stem moves toward its
fully stroked condition.

|0005] Additionally. the force exerted against the actuator stem by the valve or
other operator may also vary (e.g., increase or decrcase) as the position of the
valve (e.g., the position of a valve plug, disc, etc.) changes from its zero stroke to
its fully stroked condition. Such changes in the force exerted by the valve stem
may be due to the flow characteristics of the valve, the pressure and flow rate of
the fluid bemg controlled by the valve, etc. and, thus, may be substantially non-
lincar. Thus, the amount of control pressure required to fully stroke the actuator
and the valve or other operator coupled to the actuator may be relatively high and.
as a result, may require the diaphragm, the casing, and other actuator components
to withstand relatively high pressures. Further, because the force exerted by the
actuator spring assembly typically varies linearly over the range of the actuator
stroke and because the force exerted by the valve on the actuator stem may vary

non-linearly or in some other manner, the position of the valve may vary in an

undesirable manner relative to control pressure (e.g., substantially non-hinearly).

g
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SUMMARY
[0006] In one described example, a spring assembly for use  a diaphragm
actuator mcludes a first spring operatively coupled to a diaphragm plate and an
actuator stem, and a second spring operatively coupled to the actuator stem and

configured to be serially operative with the first spring. The spring assembly
includes a spring scat disposed between the first and second springs and
configured to move with the second spring.
10007] In another described example, a spring assembly includes a first spring
operatively coupled to a movable spring seat and a second spring operatively
coupled to the movable spring seat and configured to be serially operative with the
first spring.
|0008] In yet another described example, a diaphragm actuator includes a first
spring operatively coupled to a diaphragm plate and an actuator stem and a second
spring operatively coupled to the actuator stem. The diaphragm actuator also
includes a movable spring scat disposed between the first and second springs.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] FIG. T 1s a cross-sectional view of a known diaphragm actuator.
|J00TO] FIG. 218 a cross-sectional view of a portion of an example diaphragm
actuator with a spring assembly having a movable spring seat disposed between
(WO springs.
[0011] FIG. 3 1s an enlarged cross-sectional view depicting an alternative spring
assembly that by be used in a diaphragm actuator.

DETAILED DESCRIPTION

[0012] Example apparatus to vary the effective spring rate for use in a diaphragm

actuator are described heremn. The example apparatus include a spring assembly

(ad
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having multiple actuator springs that are serially operative to provide a change in

the overall or effective spring rate along the stroke of the actuator stem. More

¢

spectfically, one or more floating or movable spring scats disposed between the

springs enables the spring assembly to provide one effective spring rate for a first
portion of the actuator stem stroke and another effective spring rate for a second
portion of the actuator stem stroke. In particular, the springs and the movable
spring seats are configured so that, in operation, for a first distance of movement
of the actuator stem, a force provided by one of the springs changes, the movable
spring scats do not move, and a force provided by the other springs is substantially
constant. Then, for a second distance of movement of the actuator stem 1in
addition to the first distance, the force exerted by at least one of the others springs
varies as one or more of the movable spring seats moves.

10013] In this manner, the example spring assemblies described herein enable the

thrust provided by a draphragm actuator to be selected for improved performance

Its stroke. In other words, in contrast to many known diaphragm actuators, which
typically have a single effective spring rate, one effective spring rate can be
selected for operation at one end of the stroke and another effective spring rate can
be selected for operation at the other end of the stroke to better suit the needs of
the application. For example, in some applications it may be desirable to have a
relatively high spring rate at the beginning of the actuator stroke to ensure that the
actuator provides sufficient force to achieve a tight shut off (e.g., in the absence of

a control pressure) of a valve coupled to the actuator. However, at the other end

of the actuator stroke 1t may be desirable to have a relatively lower spring rate to
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reduce the amount of control pressure needed to fully stroke the actuator and the
valve coupled thereto.
|0014] Betore describing the example apparatus to vary the effective spring rate

or constant of a spring assembly used in a diaphragm actuator, a brief description
of a known draphragm actuator is provided in connection with FIG. 1. FIG. |
depicts a cross-sectional view of a known diaphragm actuator 100. The
draphragm actuator 100 includes an actuator body or yoke 102 coupled to a casing
104, The casing 104 includes an upper casing 106 and a lower casing 108. In
addition, the upper casing 106 1s configured with a control pressure port 110. The
control pressure port 110 mcludes an inlet to receive a control pressure signal to
vary a pressure mside the diaphragm casing 104. Conversely, the lower casing
108 maintains a substantially atmospheric pressure via a port or vent, not shown in
FIG. 1.

|0015] The casing 104 captures a diaphragm 112 between the upper and lower
casings 106 and 108, which are coupled together with a plurality of threaded
fasteners 114 and 116 spaced along an outer edge of the casing 104. The
draphragm 112 separates the space within the casing 104 into a control pressure
chamber 118 and an atmospheric pressure chamber 120. In addition, at least a
portion of one side of the diaphragm 112 1s secured to a diaphragm plate 122,
which provides a rigid backing for the diaphragm 112 and is configured to engage
an actuator stem 124. The actuator stem 124 may also be referred to as a
cyhindrical member, a rod, a shaft, ctc. As depicted in FIG. 1, the actuator stem
124 1s a cylindrical member that connects the diaphragm actuator 100 to a valve

plug stem (not shown) and which transmits force and linear motion from the

chaphragm actuator 100 to a control valve (not shown). The diaphragm 112 and

(L
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the draphragm plate 122 are coupled to the actuator stem 124 via a threaded
tastener 126, which may be a threaded bolt as shown.
0016] An actuator spring 128 surrounding the actuator stem 124 1s centrally
disposed on the diaphragm plate 122 and positioned between the diaphragm plate
122 and a fixed spring seat 130. The actuator spring 128 provides a bias force to
urge the dnaphragm plate 122 and, thus, the actuator stem 124 toward the upper
casing 106. In operation, a control pressure applied to the control pressure port
10O varies a pressure in the control chamber 118, For example, as the pressure in
the control chamber 118 increases above atmospheric pressure (i.c., the pressure
in the chamber 120), the diaphragm 112, the plate 122, and the stem 124 are urged
toward the lower casing 108 aganst the return force of the actuator spring 128,
When the force exerted on the diaphragm 122 by the control pressure exceeds any
pre-load or bras exerted by the spring 128 at the zero stroke position of the
actuator 100 plus any load applied to the stem (e.g., via a valve or other operator
coupled to the actuator stem 124), the diaphragm 112, the plate 122, and the stem
24 move downward or away from the upper casing 106. As the diaphragm 112,
the plate 122 and the stem 124 move away from the upper casing 1006, the spring
128 1s compressed and the return force exerted by the spring 128 increases in a
substantially proportional and linear manner relative to the position of the stem
124, The manner in which the return force exerted by the spring 128 changes with
movement of stem 124 can gencrally be described using Hooke’s Law as set forth
below in Equation |

[ = —Kkx (1)
In Equation 1, F 1s the restoring force exerted by a spring, k is the spring constant

of the spring, and x 1s the change n the length of the spring relative to its free

0
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length. The negative sign indicates that the force exerted by the spring 128 is in
direct oppostition to the movement of the stem 124, Thus, with the known
draphragm actuator 100 of FIG. 1. the effective spring rate (i.e., k) is constant over
the entire stroke of the actuator 100,

10017} FIG. 2 depicts a cross-sectional view of a portion of an example
draphragm actuator 200 that includes apparatus to vary the effective spring rate of
the actuator 200 over its stroke. For clarity, certain components (e.g., a casing)
are not shown in FIG. 2. However, those components which are not shown in
FIG. 2 may be implemented using known actuator components such as those
deprcted in FIG. 1.

0018] Now turning i detail to FIG. 2, the example diaphragm actuator 200
includes a diaphragm 202, a diaphragm plate 204, an actuator stem 206, and a
spring assembly 208. The spring assembly 208 includes a first spring 210 and 2
second spring 212 arranged in a serial configuration surrounding the stem 206 and
coaxially aligned with a central axis of the diaphragm actuator 200.

[0019] A floating or movable spring seat 214 is disposed between the springs 210
and 212. The second spring 212 1s partially compressed to provide a pre-load
force and 1s captured between the movable spring seat 214 and a fixed or
stationary spring seat 216. A stop 218, 220 limits the movement of the movable
spring seat 214 toward the diaphragm plate 204 and, thus, enables the second
spring 212 to provide a desired pre-load force. As shown in FIG. 2, the stop 218.
220 may be implemented as a single component or as two or more separate
components spaced circumferentially about the movable spring seat 214. For

cxample, the stop 218, 220 may be configured as a cylindrical body having a

central aperture, and positioned between the first spring 210 and a surface of the
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movable spring seat 214, thereby housing the movable spring scat 214 and the
sccond spring 212,

10020] As can be seen from the example in FIG. 2, the first spring 210 1s
operatively coupled to the diaphragm plate 204 and the actuator stem 206, and the
sccond spring 212 1s operatively coupled to the actuator stem 206 and configured
to be serially operative with the first spring 210. More specifically, at the
begimning of the stroke of the actuator 200, the first spring 210 1s displaced or
compressed while the pre-load of the second spring 212 prevents the movable
spring seat 214 from moving away from contact with the stop 218, 220. Thus, for
a first distance of movement or displacement of the first spring 210 and the stem
200, the force exerted by the first spring 210 mcreases in proportion to the change
in length of the spring 210 and 1ts spring constant. However, while the force
exerted by the first spring 210 1s less than the pre-load force exerted by the second
spring 212, the movable spring seat 214 and the second spring 212 remain
stationary, and the force exerted by the second spring 212 remains substantially
constant and 1 opposition to the force exerted by the first spring 210.

10021] When the first spring 210 1s sufficiently compressed (1.¢., the actuator stem
2006 has moved a certain distance along 1ts stroke), the force exerted by the first
spring 210 equals the pre-load force of the second spring 212. Further
compression of the first spring 210 (or movement of the stem 200) results in a
force exerted by the spring 210 that exceeds the pre-load force of the spring 212
and, thus, causes the movable spring seat 214 to move with the second sprin g 212
as the second spring 212 1s compressed. As a result, movements of the actuator
stem 206 that correspond to compressions or displacements of the first spring 210

that exert a force exceeding the pre-load force of the second spring 212 cause both

S
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the first spring 210 and the second spring 212 to move or compress.  Thus, for
these movements or over a certain distance of movement along the stroke of the

actuator, the forces exerted by the first spring 210 and the second spring 212 vary

.

and the total torce exerted by the spring assembly 208 1s based on a sum of the

forces exerted by both of the springs 210 and 212. As a result, the overall or

ot

{

o

clfective spring constant is based on the individual spring constants of the first

spring 210 and the second spring 212 as set forth in greater detail below.

|0022] For a spring assembly containing serially operative actuator springs, the

B

clfective spring rate of the spring assembly when all of the springs are displaced

simultancously can be generalized as shown in Equation 2 below.

1 |
L .= ? ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, W\: ( 2 )
| 1 I
7 .

where ky1s the total effective spring constant and k; k> and k; are the Spring

constants of the individual springs. Simplifying Equation 2 for two springs in

series results in Equation 3 below.

SLILE

/ (/f§ +/{3) ( )

As can be shown using Equation 3. if two serially operative springs have the same
spring constant, for example, the total effective spring rate of the spring assembly
decreases to half that of the individual springs when both springs are being
displaced simultancously.

[0023] Returning to the example diaphragm actuator 200 of FIG. 2, if the spring
constant of the first spring 210 1s k; and the spring constant of the second spring

21218 Ko, then for a first distance of movement of the actuator stem 206 (e.g..

where the force exerted by the first spring 210 is less than the pre-load force

9



CA 02677151 2009-07-31
WO 2008/112434 PCT/US2008/055141

" .

exerted by the second spring 212) the effective spring rate of the spring assembly
208 s k. Then, for a second distance of movement of the actuator stem 2006 (e.g.,

where the force exerted by the first spring 210 1s greater than the pre-load force

: >

-

ecncrated by the second spring 212), the effective spring rate of the spring

assembly 208 1s ky as set forth in Equation 3 above. Thus, the springs 210 and

-,
7
i
-

212 are senally operative to provide two different effective spring rates for
different portions of the stroke of the actuator 200.

10024} While the springs 210 and 212 1n the example spring assembly 208 of FIG.
2 are depicted as compression springs, other types and/or combinations of springs
could be used m a similar manner to provide a variable effective spring rate over
the displacement of the spring assembly 208. For example, extension springs.
wave springs. Belleville springs, ete. could be arranged in a serally operative
configuration with a movable spring seat to achieve stmilar results. Further, the
spring constants of the springs 210 and 212 can be sclected individually to provide
a desired change in the effective spring rate of the spring assembly 208 over the
displacement of the springs 210 and 212 and, thus, over the stroke of the actuator
200. Thus, the spring constants for the springs 210 and 212 may be the same or
different depending on the needs of the intended application of the example
actuator 200,

[0025] FI1G. 315 an enlarged cross-sectional view depicting an alternative spring

(.

arrangement of the example spring assembly 208 of FIG. 2. In the alternative
arrangement of FlG. 3, a second movable spring seat 300 engages the second
actuator spring 212 and a third spring 302. The alternative arrangement also

includes a second mechanical stop 304, 306 configured to limit the movement of

the third actuator spring 302 and the second movable spring seat 300.

10
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10026] The three spring arrangement depicted m FIG. 3 operates similarly to the
spring assembly 208 of FIG. 2. However, the arrangement depicted in FIG. 3
provides three effective spring rates over the stroke of the actuator stem 206. The
third effective spring rate 1s provided when the total force exerted by the first
spring 210 and the second spring 212 exceeds the pre-load force exerted by the
third spring 302, Again with reference to Equation 2 above, the effective spring

rate of three springs simultancously bemng displaced can be expressed as shown

below in Equation 4.

" kk, +k /a,, +/ck )

Thus, as shown from Equation 4, the effective spring rate of the spring assembly
f FIG. 3 can be further reduced for a third portion of the stroke of the actuator
stem 206. In other, words the arrangement of FIG. 3 provides three different
cifective spring rates along the stroke of the actuator stem 206. Specifically, the
effective spring rate of the arrangement shown in FIG. 3 decreases twice from its
initial effective spring rate as the actuator 1s stroked from its zero stroke condition
to 1ts fully stroked condition. Thus, the additional series spring 302 decreases the
total effective spring rate to one third (e.g., itk; =k, =ks; =1, then k; = 1/3).
10027} Although certain example apparatus have been described herein, the scope
of coverage of this patent 1s not limited thereto. On the contrary, this patent
covers all apparatus and articles of manufacture fairly falling within the scope of

the appended claims either hiterally or under the doctrine of equivalents.
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What 1s claimed is:

1. A spring assembly for use 1n a diaphragm actuator, comprising:

a first spring operatively coupled to a diaphragm plate, a diaphragm and an actuator
stem;

a second spring operatively coupled to the actuator stem and configured to be serially
operative with the first spring; and

a spring seat disposed between the first and second springs and configured to move
with the second spring, wherein the first and second springs are configured so that for a first
distance of movement of the actuator stem, a force provided by the first spring changes n
proportion to a change in length of the first spring and a force provided by the second spring
is substantially constant and opposes the force provided by the first spring while the second

spring remains stationary.

2. The spring assembly as defined in claim 1, wherein the first and second springs have

different respective spring constants.

3. The spring assembly as defined in claim 1, wherein the first and second springs are
configured so that for a second distance of movement of the actuator stem in addition to the
first distance the force exerted by the second\spring varies and a total force exerted on the
diaphragm plate is based on the force exerted by the second spring plus the force exerted by
the first spring.

4. The spring assembly as defined in claim 1, wherein the second spring 1s configured

to provide a preload.

5. The spring assembly as defined in claim 1, wherein the first and second springs are
configured to be serially operative so that for a first distance of movement of the actuator

stem the first and second springs provide a first effective spring rate, and for a second

12
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distance of movement of the actuator stem the first and second springs provide a second

effective spring rate.

0. The spring assembly as defined in claim 1, further comprising a mechanical stop to

limit a range of movement of the movable spring seat.

7. The spring assembly as defined in claim 1, further comprising a third spring
configured to be operatively engaged to the actuator stem and to be serially operative with
the first and second springs, and a second spring seat disposed between the second and third

springs and configured to move with the third spring.

8. The spring assembly as defined in claim 1, wherein each of the first and second

springs comprises a compression spring.

9. A spring assembly for use with a diaphragm actuator, comprising:

a diaphragm coupled to an actuator stem,;

a first spring operatively coupled to a movable spring seat and the actuator stem; and

a second spring operatively coupled to the movable spring seat and configured to be
serially operative with the first spring so that for a first distance of movement of the first
spring, a force provided by the first spring changes in proportion to a change in length of the
first spring and a force provided by the second spring is substantially constant and opposes

the force provided by the first spring while the second spring remains stationary.

10.  The spring assembly as defined in claim 9, wherein the first spring and the second

spring have different respective spring constants.

11.  The spring assembly as defined in claim 9, wherein the first and second springs are
contigured so that for a second distance of movement in addition to the first distance the

force provided by the second spring varies.

13
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12.  The spring assembly as defined in claim 9, wherein the movable spring seat is

between the first and second springs.

13.  The spring assembly as defined in claim 9, further comprising a mechanical stop to

limit a range of motion of the movable spring seat.

14. A diaphragm actuator comprising:

a first spring operatively coupled to a diaphragm and an actuator stem;

a second spring operatively coupled the actuator stem such that for a first distance ot
movement of the actuator stem, a force provided by the first spring changes in proportion to

a change in length of the first spring and a force provided by the second spring 1s

substantially constant and opposes the force provided by the first spring while the second
spring remains stationary; and

a movable spring seat disposed between the first and second springs.

15.  The diaphragm actuator as defined in claim 14, wherein the first and second springs
are configured to be serially operative so that for a first distance of movement of the actuator
stem the first and second springs provide a first effective spring rate and for a second
distance of movement of the actuator stem the first and second springs provide a second

effective spring rate.

16.  The diaphragm actuator as defined in claim 14, wherein the first and second springs
are configured to provide a first spring rate for one portion of a stroke of the diaphragm

actuator and a second spring rate lower than the first spring rate for another portion of the

stroke of the diaphragm actuator.

17.  The diaphragm actuator as defined in claim 14, wherein the first and second springs

COMprise CoOMpression springs.

14
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18.  The diaphragm actuator as defined in claim 14, further comprising a mechanical stop

to limit a range of motion of the movable spring seat such that the second spring provides a
preload force to the first spring when the movable spring seat is in engagement with the

mechanical stop.

19.  The diaphragm actuator as defined in claim 18, wherein the mechanical stop
comprises a housing to receive the second spring and the movable spring seat, and wherein a
portion of the housing includes tabs that engage the movable spring seat to limit the range of

motion of the movable spring seat.

20.  The spring assembly of claim 1, wherein the second spring and the spring seat
remain substantially stationary relative to the first spring when a force exerted by the
diaphragm actuator in the first direction on the first spring is less than or equal to a preload
force provided by the second spring, and wherein the second spring and the spring seat
move with the first spring when a force exerted by the diaphragm actuator in a first direction

on the first spring is greater than the preload force provided by the second spring.

21.  The spring assembly of claim 9, wherein a movement of the movable spring seat in a
first direction toward the first spring is limited to enable the second spring to provide a
preload force so that a force exerted by the first spring that is greater than the preload force
will cause the movable spring seat and the second spring to move in a second direction

opposite the first direction, and a force exerted by the first spring that is less than or equal to

the preload force provided by the second spring will cause the movable spring seat and the

second spring to remain substantially stationary relative to the first spring.

15
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