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Air-Operated Valve Maintenance Guide
Air-operated valves (AOVs) are used extensively in the power gen-
eration industry for process-control and system-isolation functions.
This guide provides methods for establishing predictive and preven-
tive maintenance programs for AOVs. It suggests techniques for
reducing failure rates and discusses proven repair methods that can
help utilities reduce downtime and unplanned outages.

BACKGROUND    An increased awareness of AOV importance at nuclear power
plants has led to progressively more sophisticated maintenance practices within
the nuclear industry. Non-nuclear plants are also heavily dependent on reliable
AOV operation. The dynamic method used by fossil power plants to satisfy
transient electrical demands places additional stress on plant components,
including AOVs. Therefore, there is a growing need for standardized technical
guidance related to AOVs.

OBJECTIVES    To research degradation modes for AOVs and to provide guid-
ance for a practical and cost-effective AOV maintenance program that will
address these degradation modes.

APPROACH    EPRI’s Nuclear Maintenance Applications Center (NMAC) gath-
ered information on maintenance techniques by visiting numerous power plant
maintenance department personnel. Failure data were gathered using the
Institute of Nuclear Power Operation’s Nuclear Plant Reliability Data System
reports on AOV failures for all plants in the database. This research provided
data to support maintenance program recommendations.

RESULTS   This guide discusses air-operated valves (AOVs) and common
accessories. Diagrams indicating the application and operation of various types
of actuators are presented as an aid for thorough investigation of malfunctioning
equipment. Recent developments in diagnostic equipment for AOVs are cov-
ered, and valve traces on valves with maintenance-related problems are used
to demonstrate how the diagnostic equipment can quickly solve complex valve
problems.

The guide includes a troubleshooting section with tables that provide easily
accessible information to minimize troubleshooting costs.  A detailed discussion
on diaphragms that provides guidance for selecting, installing, and maintaining
AOV diaphragms is furnished.  Appendixes augment the guide by providing a
glossary of terms and various engineering schedules, including useful engineer-
ing parameters for the proper maintenance of AOVs and accessories.
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EPRI PERSPECTIVE   Power plants rely on AOVs for the proper
operation of many plant systems. AOVs are used extensively on both
large- and small-bore piping systems and heating, ventilating, and air-
conditioning (HVAC) ducting to provide isolation and flow control
functions. Process applications include water, steam, N

2
, H

2
, and air.

Predictive and preventive maintenance is one of the key ways to
enhance AOV performance and subsequently reduce AOV failure
rates. Through the proper implementation of key AOV maintenance
activities, utilities can realize significant savings. This guide will help
power plant professionals take the most effective and appropriate
maintenance actions.

Related EPRI research includes reports NP-7079, Instrument Air
Guide, and NP-7414, Solenoid Valve Maintenance and Application
Guide.
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ABSTRACT

Air-operated valves (AOVs) are used extensively in the power generation industry for
process-control and system-isolation functions.  Their proper operation is essential to
reliable power plant operation.

This guide discusses major components such as actuators, valves, and positioners, and
explains the inter-relationship of these components.  Diagrams indicating the applica-
tion and operation of various types of actuators are presented as an aid for thorough
investigation of malfunctioning equipment.  Recent developments on diagnostic equip-
ment for AOVs are covered and valve traces on valves with maintenance related prob-
lems are used to demonstrate how the diagnostic equipment can quickly solve complex
valve problems.  In addition, predictive and preventive maintenance recommendations
based on specific failure data are included.

The guide also includes a troubleshooting section with tables providing easily accessible
information to minimize troubleshooting costs.  Appendixes augment the guide by pro-
viding a glossary of terms and various engineering schedules, including useful engineer-
ing parameters for the proper maintenance of air-operated valves and accessories.
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1
INTRODUCTION

Power plants rely on air-operated valves (AOVs) for the proper operation of many plant
systems. AOVs are used extensively on both large- and small-bore piping systems and
HVAC ducting to provide isolation and flow control functions. Process applications
include water, steam, nitrogen, hydrogen, and air.

1.1  BACKGROUND

Air-operated valve failures in vital systems at nuclear power plants pose many signifi-
cant problems. Not only do AOV failures raise reliability concerns with the regulatory
agencies because of reactor trip, shutdown, and unnecessary transients, they are also
extremely expensive to the utilities due to unplanned outages and lost production
revenues. Non-nuclear plants are also heavily dependent upon reliable AOV operation.
The dynamic method in which fossil power plants are used to satisfy transient electrical
demands places additional stress on plant components, including AOVs.

Preliminary reports indicate that these failures could be attributed to poor quality
instrument air. Further investigation has provided additional information indicating
that errors in maintenance and manufacturing defects might also be suspect. NMAC
Publication NP-7079, Instrument Air Guide, addresses instrument air system problems
and maintenance. This publication is designed to supplement NP-7079 by providing
guidance for the maintenance of air-operated valves and accessories. The Instrument
Society of America (ISA) has published standards that are also useful: Instrument Air
Quality (ANSI/ISA-S7.3-1975) and Recommended Practice for Producing Quality
Instrument Air (ISA-RP7.7-1984).

1.2  GUIDE SUMMARY

In the Technical Descriptions chapter, the major components of AOVs, for example,
actuators and positioners, are discussed; the interrelationship of the components is
explained. Diagrams indicating various types of actuators, their application, and opera-
tion are presented as an aid for thorough investigation of malfunctioning equipment.

Failure Mode Analysis is the subject of the third chapter. A majority of the information
was gathered using the Institute of Nuclear Plant Operation’s (INPO) Nuclear Plant
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Reliability Data System (NPRDS) reports on air-operated valve failures at all plants in
the database. This research provides statistical data to support maintenance program
recommendations. Additional failure data was gathered through site visits.

The AOV Troubleshooting and Corrective Maintenance Recommended Practices chap-
ter provides common symptoms of a wide range of AOV problems with their associated
causes. These tables are organized in a logical order to minimize troubleshooting costs.
This chapter also covers corrective maintenance tasks for the actuator and accessories.

The Preventive Maintenance Template chapter provides a program for preventive
maintenance (PM) tasks suitable for application to AOVs in nuclear power plants. This
template was developed under EPRI Work Order 4109 under the project management
of EPRI project manager John Gisclon.

The Data Acquisition and Diagnostics chapter covers recent developments on diagnos-
tic equipment for air-operated valves. Valve traces on valves with maintenance-related
problems are used to demonstrate how the diagnostic equipment can quickly solve
complex valve problems.

The Diaphragm chapter provides detailed information in diaphragm selection, packag-
ing and handling, installation, maintenance, failure analysis, potential failure mecha-
nisms, and lubricant interaction with polymeric components.

The appendixes augment other chapters by providing a glossary of terms and various
engineering schedules, including useful engineering parameters for the proper mainte-
nance of air-operated valves and accessories.
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2
TECHNICAL DESCRIPTIONS

2.1 INTRODUCTION

Air-operated valves consist of two major components: the valve and the actuator. Ac-
cessories such as positioners can interface with both components. Valves are described
in detail in EPRI document NP-6516, Guide for the Application and Use of Valves, currently
under revision by NMAC. This section covers actuators and the primary accessories
used in a standard AOV application.

2.2 ACTUATORS

2.2.1 Introduction

Pneumatic actuators are devices that modulate valve plugs and disks to control the flow
through valves in response to a signal. Pneumatic actuators are manufactured in two
major categories: (1) spring and diaphragm actuators and (2) piston actuators. Each
category can be designed for linear or rotary valve action.

Spring and diaphragm actuators have two operational modes: direct-acting (air to
extend), shown in Figure 2-1, and reverse-acting (air to retract), shown in Figure 2-2.
Spring and diaphragm actuators are also available as a springless type, shown in Figure
2-3. Springless-type actuators are often used with double-acting valve positioners and
can provide larger seating forces than spring-type actuators.
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Direct-Acting Actuator
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Reverse-Acting Actuator
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Figure 2-3
Springless-Type Actuator

Piston actuators have three operational modes: double-acting, spring-return, and
spring-bias. They are available in both major constructions, linear (Figure 2-4) and
rotary. Rotary constructions can use rack and pinion (Figure 2-5) or the Scotch yoke
(Figure 2-6) to produce a rotary motion output.
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Figure 2-6
Scotch Yoke Actuator
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2.2.2 Spring and Diaphragm Actuators

Pneumatically operated spring and diaphragm actuators are the most popular actuators
in use today. This type of actuator is a pneumatically powered device in which the com-
pressible medium acts upon a diaphragm to provide linear motion to the actuator stem.

AOV diagrams feature a raised center section with a flat flange edge. The overall diam-
eter of typical diaphragms ranges from 6 inches to more than 18 inches. The flange edge
is commonly 1 inch wide and the center hole is approximately 0.75 inch in diameter. In
practice, the perimeter seal is established by compression of the flanges using a bolted
housing. The center is sealed by use of a compression seal against flat support plates on
both faces of the diaphragm.

For a direct-acting actuator (Figure 2-1), when pressure is applied to the air inlet, the
actual force provided by the actuator is determined by the supply air pressure multi-
plied by the area of the diaphragm less the force of the actuator springs.

F = (Ppr2) — S

Where:

F = Actuator force (lbs.)

P = Supply air pressure to the diaphragm (psig)

r = Diaphragm effective radius (inches)

S = Spring force (lbs.)

The actuator stem moves when the force supplied by the diaphragm exceeds that of the
spring (friction forces of the actuator are negligible.)  The actuator stem continues to
move as the pressure is increased until the rated stroke is achieved. The distance that
the stem moves when the actuator achieves the rated stroke is called rated travel. The
time that the actuator takes to move the rated travel distance is called the stroke time.
When the actuator is attached to the valve, many other forces affect the movement of
the stem; these forces are covered in more detail in Appendix D1, Actuator Selection.

To move the stem in the opposite direction, the air supply pressure to the diaphragm is
vented to the atmosphere and the spring force (the spring is compressed during the
stroke cycle) moves the actuator back to the original position shown in Figure 2-1. The
direction that the valve moves when the air supply is vented determines the failure
mode of the valve. Figure 2-7 shows a fail closed valve. The valve, upon loss of air
pressure, moves closed because the spring force is configured to push the valve plug
into the seat.
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As can be observed in this simple example, the actuator provides a greater force for
moving the valve if the air supply pressure is increased. Additional force is available
until the air supply pressure exceeds the limiting design criteria (for example, failure of
the diaphragm or actuator cases). Hence, there is an upper limit of the force that can be
provided by a given diaphragm area.

A larger diameter diaphragm provides additional force due to its greater effective
surface area and, hence, greater force. As the actuator size increases, its weight also
increases, placing greater strain on the supporting valve and piping. The larger actuator
also requires greater clearances for its installation.

For these reasons, spring and diaphragm actuators tend to be used for lower force
requirements than piston actuators.

2.2.3 Piston Actuators

Piston actuators (Figures 2-4, 2-5, and 2-6) can be used to change the position of the
valve plug, disk, or ball in a valve. Compared to diaphragm actuators, piston actuators
exert large amounts of force for their compact size when a high-pressure air source is
available, but they require a positioner for throttling. For on/off operation, a solenoid
valve can be used. Piston actuators are manufactured with both sliding stem and rotary
shaft configurations.

A piston actuator is a piston and cylinder assembly operated by pneumatic pressure
(usually compressed air). It operates by pressure imbalance with the piston moving to
the low pressure side.

Force and motion are produced by applying pressure to one side of the piston while
exhausting pressure from the other. Pressure enters and exits through loading pressure
connections. In double-acting and spring-bias types, two connections are used: one is
always above the piston and the other always below it.

For spring-return types, a single loading pressure connection is on the side opposite the
spring. The piston rod is guided by bushings in the actuator housing to provide positive
alignment over the stroke; it is sealed with O-rings wherever it passes through the
casing to keep cylinder pressure from escaping. Visual travel indication is provided by
a travel indicator pointer and travel indicator scale, located in the yoke of a sliding stem
actuator or on the side of a rotary shaft actuator housing. Travel stops, mechanical
limits to travel, typically are located at the upper and lower ends of the cylinder in a
double-acting actuator; in rotary actuators, they can be provided in the form of machine
screws to limit lever motion.

Piston actuators other than spring return always require a positioner to control valve
stem movement in throttling applications. Piston actuators also require a clean and dry
air supply. Accumulated debris from dirty air can score the cylinder, damage the seals,
and interfere with proper positioner operation. Moist air can deposit condensate inside
the cylinder, causing corrosion and lubrication problems.
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Double-acting piston actuators have air regulated to both sides of the piston. Unless
modified by spring-bias, double-acting actuators (Figure 2-6) have no inherent fail
mode; that is, they do not necessarily return to the open or closed position upon loss of
supply pressure.

Spring-return actuators (Figure 2-4) have pressure applied to the loading side of the
piston, compressing the spring on the non-loaded side. This provides an inherent fail
mode. Springs can be located in the actuator cylinder or in the mounting yoke.

Spring-bias actuators (Figure 2-5) are modifications of the double-acting actuator designs.
Either side of the piston can be pressurized, but a spring is added to provide a fail mode.

For on/off applications, a switching device such as a solenoid valve can be used to
control the pressure sent to the actuator. A typical installation is a three-way solenoid
for a diaphragm actuator or a four-way solenoid for a piston actuator. In Figure 2-8,
these two installations are illustrated.

C

P E

SPRING
POSITION
(DE-ENERGIZED)

PILOTED
SOLENOID
POSITION
(ENERGIZED)

P = PRESSURE PORT

E = EXHAUST PORT

C = CYLINDER PORT

A = ACTUATOR PORT A (OR 1)

B = ACTUATOR PORT B (OR 2)

DIAPHRAGM - SPRING RETURN
ACTUATOR PIPED TO 3-WAY SOV

A B

P E

PISTON ACTUATOR PIPED
TO 4-WAY SOV

Figure 2-8
Solenoid Valve Controlling a Diaphragm and a Piston Actuator

The three-way solenoid in shown in the de-energized position, which connects the air
line from the actuator to the exhaust port of the solenoid. This releases any pressure on
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the diaphragm to the atmosphere and allows the actuator spring to return the actuator
to the fail position.

When the solenoid is energized, it pushes against the solenoid spring and shifts to the
left, applying instrument air system pressure to the top of the diaphragm, which in turn
pushes the stem downward.

The four-way solenoid is also shown in the de-energized position, but the cylinder has
not yet moved to its correct position. With the instrument air pressure applied to the
top of the cylinder, the piston will be displaced to the bottom of the cylinder.

When the solenoid is energized, the top of the cylinder will be exhausted and the instru-
ment air system pressure will be applied to the bottom of the cylinder. This will return
the piston and stem to the top of the cylinder.

As can be seen in these two examples, solenoid control is simply on-off control, where
the valve is either fully open or fully closed.

2.2.4 Rotary Shaft Piston Actuators

The difference between sliding stem and rotary shaft actuators is that rotary shaft actua-
tors convert force (linear motion) to torque (rotary motion) in order to operate the valve.

To convert linear to rotary motion, the piston rod is attached to a lever assembly, which
in turn is attached to the control valve shaft. Either the lever assembly or the valve shaft
is supported by bushings or bearings in the actuator housing. This mechanism allows
the conversion of linear to rotary motion and force to torque. This in turn causes the
attached closure member (ball, disk, or plug) to rotate, thereby opening or closing the
valve, depending on the direction of rotation. A travel indicator pointer is attached to
one end of the valve shaft. This pointer indicates the degree of valve opening on a travel
indicator scale, which is attached to the side cover of the actuator housing.

The actuator lever is typically secured to the valve’s rotary shaft by a keyway or by
splining. Splined shafts minimize deadband (lost motion). Actuator-to-valve-shaft
coupling can also be accomplished with keyed shafts and connectors, or with squared
ends. Index marks can be used on the shaft and lever for determining the proper
mounting orientation of the control valve shaft and lever.

The piston-rod-to-lever connection moves in path that is shaped like an arc. Following
this path, the piston rod moves on a plane that deviates from the vertical axis. There-
fore, the simple O-ring stem seal used in sliding stem actuators to retain lower cylinder
pressure will not work in rotary shaft actuators. Two different approaches to sealing
lower cylinder pressure are used. The first is a dynamic or sliding seal mechanism,
where the piston rod seal slides to follow the lateral motion of the piston rod. The other
eliminates the need for a sliding seal by allowing lower cylinder pressure to enter the
actuator housing. The necessary seal is then provided by O-rings that are installed
around the actuator lever.
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As the actuator is stroked, the deviation of the piston rod from a perfect vertical axis
also causes the piston to cant or tip, so the piston edges do not gouge the cylinder walls.
A common design approach is to tip the piston slightly at the end of stroke and to bevel
or radius the edges of the piston to provide cylinder clearance.

Typical locations of travel stops are shown in Figures 2-4, 2-5, and 2-6. In the double-
acting design shown, the distance traveled by the piston rod can be changed by install-
ing a longer or shorter lower travel stop. In spring-return and spring-bias designs, cap
screws limit lever rotation and can be tightened or loosened to establish travel limits.

2.3 POSITIONERS

2.3.1 Introduction

A valve positioner is a proportional controller that adjusts the output to the actuator
based on control system input and feedback from the valve stem position. Pneumatic
and electro-pneumatic positioners are used with pneumatic actuators to control infinite
valve positioning and/or to provide greater force.

In a closed-loop control system, a measured variable (flow, level, temperature, pressure,
and so on) is controlled at a desired value or setpoint. In a simple system, as shown in
Figure 2-9, a transmitter senses the measured variable and sends a corresponding signal
to the controller. The controller compares the incoming signal to the setpoint. If there is
a deviation between the setpoint and the measured value of the variable, the controller
sends a pressure signal to the actuator, thereby repositioning the valve to eliminate the
deviation and achieve process control.

TC TT

HEAT EXCHANGERCOLD OIL IN HOT OIL OUT

COLD WATER OUT

HOT WATER IN

FINAL
CONTROL
ELEMENT

TEMPERATURE
CONTROLLER

TEMPERATURE
TRANSMITTER

SETPOINT

Figure 2-9
Closed Loop Elements
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As the output pressure from the controller changes, the actuator is expected to produce
a corrective change in valve stem position. However, there are many normal influences
that can prevent this from happening. Among these are the normal effects of friction
and the forces of fluid flow on the control valve closure member. When certain condi-
tions interfere with actuator performance, a positioner can be used to improve stem
positioning accuracy (Figure 2-10). The positioner receives an input signal from the
controller (the controller output). This signal conveys to the positioner the desired stem
position. At the same time, a feedback linkage between the valve stem and the
positioner tells the positioner the actual stem position. Through mechanical means, the
positioner compares the desired stem position with the actual stem position and adjusts
the actuator loading pressure until the desired valve stem position is attained.

TC TT

HEAT EXCHANGERCOLD OIL IN HOT OIL OUT

COLD WATER OUT

HOT WATER IN

FINAL
CONTROL
ELEMENT

TEMPERATURE
CONTROLLER

TEMPERATURE
TRANSMITTER

SETPOINT

FEEDBACK

SUPPLY
PRESSUREPOSITIONER

Figure 2-10
Closed Loop with Positioner

The input signal sent to the positioner is separate from the supply pressure that the
positioner modulates. Therefore, an input signal of a given pressure range can be used
to control the supply of a different pressure. For example, a 3 to 15 psig input signal can
be used to control a higher 21 to 43 psig actuator loading pressure.

One of the key elements of positioner operation is feedback. Through the feedback
mechanism, information relating the actual stem position is constantly relayed to the
positioner mechanism. This feature differentiates positioners from other types of pneu-
matic control devices, such as relays or volume boosters.

The positioner is one of many instruments that relies on a force or motion balance for
operation. The force balance is the net result of two forces determining the output of the
device. In a positioner, the two forces are derived from the input signal (controller
output) and the valve stem feedback linkage. The pneumatic output is determined by
the balance of the two inputs.
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A common misconception is that the use of a positioner always improves control. In an
operating system, the dynamic characteristics of the positioner and the system process
directly interface. There are some applications where the use of a positioner actually
degrades system performance.

There are systems that can tolerate extra gain from the positioner, and systems in which
the use of a positioner can cause instability because the total loop gain is near one at the
system critical frequency. The major distinction is whether the process is fast or slow.

Fast processes are those in which a change in valve position causes a rapid change in
the measured variable. For example, when the measured variable is fast flow, liquid
pressure, or gas pressure in a small volume, it could reasonably be anticipated that a
change in valve position will produce a rapid change in the measured variable. In these
instances, the application of a positioner can actually degrade control. Fast systems
using positioners can be made more stable by de-tuning the controller, but at the ex-
pense of control. Other devices, such as relays or boosters (or even no auxiliary device),
can provide a better solution.

Slow processes are those in which a change in valve position results in a slow change in
the process variable. For example, when the measured variable is liquid level, slow
flow, temperature, or gas pressure in a large volume, the time it takes for a change in
valve position to produce a change in the measured variable will take longer. In these
applications, a positioner will probably satisfy the system requirements.

When the speed of the process is mid-range and difficult to classify as either fast or
slow, either a booster or a positioner can be applied. Of course, there are instances when
positioners must be used, such as with springless actuators.

The positioner’s feedback mechanism can be altered to change the flow characteristic of
a valve. Although most positioners are designed as linear devices, that is, the stem
position is a linear function of positioner output, the feedback linkage or cam can be
configured to produce a desired output versus input. However, it is best to characterize
the valve with trim and plug changes.

Additionally, the positioner can be configured to supply extra seat load to enhance
shutoff, or to provide additional capacity to decrease response time on large actuators.

2.3.2 Positioner Applications

Positioners are used to solve problems that result from the static characteristics of valves
and actuators and from the dynamic considerations that are part of the operating systems.

Positioners are often used to overcome friction within the valve and actuators. Packing
and seals are common sources of friction. This friction can result in the mispositioning
of the valve stem or shaft. Positioners, by using feedback, sense and correct errors in
valve position. Additionally, viscous fluids can gum up or solidify on internal valve
parts. Positioners can be used to overcome valve seizing caused by these deposits.
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2.3.3 Split-Ranging

Split-ranging (Figure 2-11) is where one control signal is used to operate two or more
final control elements. An example is a process requirement with a minimum flow
requirement of 5 gpm and a maximum flow requirement of 100 gpm. A valve of the
preferred type that would provide control over this whole range could not be found. So
two valves, one large and one small, are used in parallel. The larger valve controls the
high flow rates; the smaller valve, the lower flow rates. The output is from the same
control output signal.

3 3

9 9

1515

VALVE BVALVE A

CONTROLLER OUTPUT

CONTROLLER INPUT

(PROCESS VARIABLE)

SUPPLY
PRESSURE

POSITIONER A
REVERSE

POSITIONER B
DIRECT

CONTROLLER

SUPPLY
PRESSURE

Figure 2-11
Split-Ranging

2.3.4 Positioner Operation

There is no one typical positioner in use for pneumatic control valves. This section describes
the operation of three different types that cover the most commonly used positioners.
Information from the manufacturer contains details of operation and calibration.

Figure 2-12 depicts a typical positioner and actuator interface for a single-acting pneu-
matic positioner. Supply pressure is supplied to the relay supply valve and fixed restric-
tion. The diameter of this restriction orifice is less than the diameter of the nozzle, so
that air can bleed out faster than it is being supplied when the flapper is not restricting
the nozzle.
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Figure 2-12
Pneumatic Positioner

When the input signal increases, the bellows expands and moves the beam. The beam
pivots the flapper and restricts the nozzle. The nozzle pressure increases and moves the
relay diaphragm assembly to open the supply port. Output pressure to the diaphragm
actuator increases, moving the actuator stem downward. Stem movement is fed back to
the beam by means of a cam that causes the flapper to pivot slightly away from the
nozzle. Nozzle pressure decreases, and the relay supply valve closes to prevent any
further increases in output pressure. The positioner is once again in equilibrium but at a
higher input signal and a slightly different flapper position.

When the input signal decreases, the bellows contracts (aided by an internal spring) to
move the beam and pivot the flapper slightly further from the nozzle. Nozzle pressure
decreases, and through relay operation, the exhaust port in the relay opens to release
diaphragm casing pressure to the atmosphere, permitting the actuator stem to move
upward. Stem movement is fed back to the beam by the cam to reposition the beam and
flapper. When equilibrium conditions are obtained, the exhaust valve closes to prevent
any further decreases in diaphragm case pressure.

The principle of operation for reverse-acting units is similar, except that as the input
signal increases, the diaphragm casing pressure is decreased. Conversely, a decreasing
input signal causes an increase in the pressure to the diaphragm casing.

Figure 2-13 depicts an electro-pneumatic positioner, similar to the pneumatic positioner
in Figure 2-12. For this electro-pneumatic positioner, the input signal is not pneumatic
controller output but a current signal from the controller. This current is converted into
a pneumatic pressure that is fed to the bellows. Otherwise, this type of positioner func-
tions in the same way that a pneumatic positioner does.
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Figure 2-13
Electro-Pneumatic Positioner

Each of the positioners can be configured to be direct-acting or reverse-acting. The cam
can also be changed to modify the performance of the valve from linear action to equal
percentage or quick opening.

Figure 2-14 shows the schematic of a double-acting rotary valve positioner with a cur-
rent-to-pressure (I/P) converter. The positioner receives an input signal from a control-
ler that is converted into a signal pressure that is directed to cavity A in the input mod-
ule. An increase in input signal pressure results in a downward force on the summing
beam, pivoting the summing beam counterclockwise. This moves the flapper slightly
toward the nozzle, increasing the nozzle pressure. As nozzle pressure increases, the
relay beam pivots clockwise, causing relay B to increase the upper cylinder pressure
and relay A to exhaust the lower cylinder pressure of the actuator.
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Figure 2-14
Double-Acting Rotary Valve Positioner

As a result, the actuator rod extends and the actuator rotary shaft rotates clockwise.
This causes the feedback lever to pivot clockwise, and the force that is applied to the
summing beam by the range spring increases. This force, which opposes the downward
force on the summing beam caused by the increasing input signal pressure, continues to
increase until the summing beam torques are in equilibrium. At this point, the valve
shaft is in the correct position for the specific input signal applied.

For reverse action, input signal pressure is channeled to both cavities A and B. An
increase in signal pressure results in an upward force on the summing beam, pivoting
the summing beam clockwise and causing relay B to exhaust the upper actuator cylin-
der pressure to the atmosphere and relay A to increase the lower actuator cylinder
pressure. As a result, the actuator rod retracts, and the actuator rotary shaft rotates
counterclockwise. This causes the feedback arm to pivot counterclockwise, reducing the
force applied to the summing beam by the range spring.
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As the valve shaft rotates counterclockwise, the range spring force to the summing
beam continues to reduce the force applied to the summing beam until the torques are
in equilibrium.

Figure 2-15 depicts another pneumatic side-mounted positioner. In this positioner, the
pilot valve can be either a bellows or diaphragm design with similar operation.

VALVE TRAVEL ADJUSTER

CONNECTION TO VALVE STEM

BALANCE SPRING

BELLOWS

PILOT

BY-PASS VALVE

FILTERED AND REGULATED
AIR SUPPLY

CONTROL INSTRUMENT AIR

Figure 2-15
Pneumatic Positioner

Figure 2-16 shows a schematic of this positioner. As the input pressure increases, the
input bellows places increasing force to the thrust assembly. This moves the thrust
assembly up and restricts the exhaust port, thereby increasing the supply pressure to
the actuator and causing the stem to move down. This movement is fed back to the
positioner by a parallel-lever gain mechanism. The output of the gain mechanism is
applied to the top of the range spring and to the thrust assembly. At this point, the two
forces once again equal each other and the thrust assembly comes to equilibrium.
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Figure 2-16
Pneumatic Positioner Operation

2.4 TRANSDUCERS

A transducer is a device that converts a signal from one form to another. In pneumatic
valves, a transducer typically converts the current or voltage from the control system
into pressure.

When the signal is current (I), the standard input is 4 to 20 mA and the output is either 3
to 15 psi or 6 to 30 psi. These types of transducers are referred to as I/P transducers.
Figure 2-17 shows a typical I/P transducer. The input signal provides the power to the
coil, which positions the armature and controls flow through the nozzle. The nozzle
pressure controls the associated relay, which controls the output pressure.



2-21

EPRI Licensed Material

Air-Operated Valve Maintenance Guide

FEEDBACK
BELLOWS

DC INPUT
SIGNAL

+             –

SPAN ADJUSTMENT
(MAGNETIC SHUNT)

ZERO ADJUSTMENT

PERMANENT
MAGNET

ARMATURE

NOZZLE

OUTPUT PRESSURE

NOZZLE PRESSURE

SUPPLY PRESSURE

EXHAUST PRESSURE

CENTER SPACER
ASSEMBLY

FIXED
RESTRICTION

VALVE PLUG

SUPPLY

RELAY

OUTPUT

EXHAUST

ARMATURE
TORSION ROD

COIL

POLE
PIECES

N

N

N

N

s
s

s

s

Figure 2-17
Typical I/P Transducer

When the input signal is voltage (E), the standard input is 0 to 10 V. These transducers
are referred as voltage-to-pressure (E/P) transducers and have the same output ranges
as the I/P transducers.

2.5 PRESSURE BOOSTER

A pressure booster is used to increase the supply pressure from a controller. Figure 2-18
shows a single-seated, air-to-open valve with a 6 to 30 psi spring. The heavy spring can
be used to close the valve against a high upstream pressure; however, the normal con-
troller output of 20 psi cannot open the valve fully. A 2:1 pressure booster makes the
system operational.
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Figure 2-18
Typical Pressure Booster

2.6 VOLUME BOOSTER

A volume booster is typically used to increase the response of a pneumatic controller to
the control valve. This is done by increasing the air flow rate to the actuator. Figure 2-19
shows a typical arrangement. The controller applies its output signal to the booster
instead of to the control valve. The pilot valve in the booster requires about 1 cubic inch
of air to reposition. The air to operate the valve passes through the booster at 35 stan-
dard cubic feet per minute, increasing the stroking time of the control valve.

20 PSIG

CONTROLLER
BOOSTER

35 PSIG

VALVE

EXHAUST

Figure 2-19
Typical Volume Booster
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3
FAILURE MODE ANALYSIS

3.1 INTRODUCTION

The evaluation of air-operated valve (AOV) failure modes through statistical analysis
on current industry data proves to be difficult due to the diversity of the valve types,
sizes, manufacturers, and so on. It is made even more difficult due to the reporting
methods employed by the individual power plants.

The purpose of this section is not to develop a statistical failure rate for air-operated
valves, but to present reliability and failure information that can provide a basis for a
maintenance program that will reduce observed failures.

The primary source for the investigation leading to the development of this guide was
the Institute of Nuclear Plant Operation’s (INPO) Nuclear Plant Reliability Data System
(NPRDS) information on pneumatic-operated valves. Because NPRDS data does not
record component failures from balance-of-plant (BOP) systems, there are many AOV
failures that go unreported.

Revision 0 of this report conducted an NPRDS analysis by reading the narratives associ-
ated with each AOV failure from 01/01/87 to 12/31/91. This analysis was conducted to
determine which systems had the highest number of AOV failures and then which compo-
nents in the valves contained in those systems had the highest percentage of failures. For
these key components, an evaluation was made of which specific problems were plaguing
each specific component. Each plant can look at past failure rates for these components to
determine approximate periodicities for future maintenance activities.

The current revision looked at current AOV failures from 6/1/94 to 6/1/95 to deter-
mine what particular subcomponents or accessories have the highest failure rates.

From this information, a fully tailored preventive maintenance program can be estab-
lished that is cost-effective and should produce increased reliability of components with
high failure rates.
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3.2 NPRDS DATA

3.2.1 Failures by System

When establishing a preventive maintenance program for AOVs, it would be useful to
first order the systems by the percentage of AOV failures. To accomplish this review by
system, NPRDS failures for five past years (1/1/87 - 12/31/91) for pressurized water
reactor (PWR) and boiling water reactor (BWR) plants can be examined. Table 3-1
shows AOV failures by system for PWRs, and Table 3-2 shows AOV failures by system
for BWRs.

Table 3-1
PWR AOV Failures by System

System Percent of Total Failures

Main Steam 24%

Main Feedwater 16%

Chemical Volume and Control 13%

Containment Isolation 11%

Condensate 7%

Table 3-2
BWR AOV Failures by System

System Percent of Total Failures

Condensate 24%

Main Steam 22%

Main Feedwater 12%

Nuclear Steam Supply 7%

Suppression Pool Support 7%

Fortunately, this review does not show failures evenly distributed over all systems, but it
indicates three or four systems that are responsible for a high percentage of AOV failures.
This one piece of information can help maintenance personnel focus their efforts on these
particular systems as a start to a more cost-effective maintenance program.

The data can be further refined to the application level (for example, the main feedwater
regulating valve operator). Some limitations, however, occur at this level of detail.
NPRDS has identified major applications within each system that is reported. For BWR
condensate systems, however, there are no applications identified; hence, the major
failure components have to be identified by the next level of detail, which is the compo-
nent identification number which tends to be plant-specific. This makes an overall
failure evaluation very difficult for this type of system. This does not, however, limit the
ability of a utility maintenance group from doing this evaluation for their own plant
data. For the general audience of this guide, no additional information can be obtained.
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Table 3-3 gives the breakdown of AOV failures for a PWR main steam system by applica-
tion. An interesting fact was the high level of failures for the turbine dump valves. In fact,
this valve represents almost 8% of the total AOV failures reported for PWRs. Table 3-4
shows the breakdown for PWR main feedwater systems. It is not surprising that the main
feedwater regulating valve operator is the main failure application. Once again, the un-
known applications need to be investigated for each specific plant.

Table 3-3
PWR Main Steam System Failures by Application

Application Percent of Main Steam
System Failures

Turbine Dump Valve 43%

Power Operated Relief Valve 23%

Main Steam Isolation Valve 11%

Atmospheric Discharge Valve 6%

Table 3-4
PWR Main Feedwater System Failures by Application

Application Percent of Main Feedwater
System Failures

Main Feed Regulating Valve 36%

Main Feed Regulating Bypass Valve 24%

Main Feed Containment Isolation Valve 8%

No Application Identified 32%

The next step is to go back over the same data to determine the specific problems that
are occurring on each application that is identified. This process helps to further refine
the maintenance program to allow focused preventive activities.

Table 3-5 shows the failure causes for main steam turbine dump valve operators. Be-
cause of the severe environment for these valves, wearing out and failing of gaskets and
positioners is not surprising and helps to give a direction to a maintenance program for
these valves. Elastomer problems for these valves is 18% of the total. An increased
elastomer inspection frequency could help to reduce these failures.
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Table 3-5
PWR Main Steam Turbine Dump Valve Failure Causes

Failure Cause Percent of Main Steam
Turbine Dump Valve
Operator Failures

Positioner Adjustment 16%

Air Leaks 11%

Pilot Valve Wearout 11%

Positioner Wearout/Damage 9%

Gaskets and Piston Ring Wearout 7%

Broken Feedback Arm 6%

Diaphragm Wearout 5%

Total Elastomer Related Failures 18%

Table 3-6 displays the failure causes for PWR power-operated relief valves. The
positioner again is a major source of problems for this valve group, and overall elas-
tomer problems equal 28% of all failures.

Table 3-6
PWR Power-Operated Relief Valve Failure Causes

Failure Cause Percent of Power Operator
Relief Valve Operator
Failures

Positioner Adjustment/Failure 25%

Gasket Failure 12%

Air Leak 10%

Diaphragm Failure 9%

Vibration Problems 6%

Total Elastomer Related Failures 28%

Also notable for the last two valves is the high percentage of air leaks that are reported
as the failure cause. Air leaks are most likely caused by vibration and are many times
reported as vibration-related. An increased inspection frequency for connector tightness
could help to reduce these reported failures.

Table 3-7 shows the failures for the PWR main feedwater regulating valve operators. In
this case, the high usage of this valve as a flow control valve in a slightly less severe
environment than the previous valves makes the increased positioner problems and the
decreased elastomer problems expected. Air leaks, however, continue to provide close
to 10% of the problem.
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Table 3-7
PWR Main Feedwater Regulating Valve Failure Causes

Failure Cause Percent of Main Feedwater
Regulating Valve Operator
Failures

Positioner Adjustment/Failures 31%

Solenoid Failures 21%

Pilot Relay Failures 9%

Air Leaks 9%

Gasket/O-Ring Failures 8%

For BWR systems, the data provides no additional surprises but helps to reinforce the
evaluation process that was started with the PWRs. Table 3-8 shows application failures
for BWR main steam systems, and Table 3-9 shows application failures for BWR main
feedwater systems.

Table 3-8
BWR Main Steam System Failures by Application

Application Percent of Main Steam
System Failures

Containment Isolation Valve 52%

Automatic Depressurization Safety Valve 24%

Turbine Bypass Valve 2%

No Application Identified 21%

Table 3-9
BWR Main Feedwater System Failures by Application

Application Percent of Main Feedwater
System Failures

Main Feedwater Regulating Valve 27%

Regulating Valve Bypass Valve 10%

No Application Identified 63%

Table 3-10 gives additional information on BWR main steam isolation valves with
elastomers and pilot-regulating valves showing the highest number of problems and
the speed control valve having enough failures to warrant additional attention also.
Table 3-11 shows BWR main feedwater regulating valve failures with the attention
shifted to air leaks and vibration-related failures and less need for positioner attention.
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Table 3-10
BWR Main Steam Isolation Valve Failure Causes

Failure Cause Percent of Main Steam
Isolation Valve Operator
Failures

O-Ring and Seal Failures 19%

Speed Control Valve Adjustment/Failure 13%

Solenoid Failure 13%

Operator Related Wearout 6%

Total Elastomer Related Failures 28%

Table 3-11
BWR Main Feedwater Regulating Valve Failure Causes

Failure Cause Percent of Main Feedwater
Regulating Valve Operator
Failures

Air Leaks 21%

Debris Related Failures 17%

Vibration Related Failures 8%

Positioner Adjustment/Failure 8%

O-Ring Failure 8%

3.2.2 Detailed Sub-component Failure Analysis

The next analysis takes a look at all AOV failures for a single year and categorizes each
failure by subcomponent. This approach allows component engineers to get an overall
view of the failure causes by subcomponent and to evaluate the correctness of their
established replacement frequencies for these subcomponents.

The initial cut of the AOV failures for the time period 6/1/94 to 6/1/95 is shown in
Table 3-12.
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Table 3-12
Subcomponent Failure from 6/1/94 to 6/1/95

Rank Sub-Component % of Failures

1. Actuators 30.0

2. Solenoid Valve 22.0

3. Limit Switch 7.5

4. Positioner 3.2

5. Spring 3.2

6. Air Line 3.0

7. Maintenance Error 2.4

8. Design 2.0

9. Stem 2.0

10. Bolting 1.5

11. Coupling 1.5

Others 21.7

As expected, the highest failures are within the actuator. For those failures, 35% was
attributable to diaphragm failures, 29% to seal and O-ring failures, 13% to bolting re-
lated failures, and 4% to piston binding.

The next highest failure was on accessory solenoid valves at 22%. For these failures, 56%
were due to failure of the solenoid-operated valve (SOV) diaphragm, 16% due to coil
failure, 12% due to sticking problems, and 7% due to dirt or clogging.

Limit switches accounted for 7.5% of the total failures with 63% of these failures due to
vibration-related problems.

The remainder of the failures are individually small contributors to the overall failures,
but they account for 40.5% of AOV failures and should be considered when evaluating
your current maintenance programs.

3.3 CAUTIONS AND CONCERNS

The following covers some points that should be considered when performing this type
of data analysis:

1. NPRDS reporting is required only for safety-related systems and, in many cases,
does not include balance-of-plant systems. Each maintenance department should
use plant-specific information to evaluate these systems.
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2. The above analysis was done for all plants that report to NPRDS and can be consid-
ered to represent the average of expected failure causes. Each individual plant might
see different distributions of failures and failure causes. This should be evaluated by
each plant.

3.4 SUMMARY

While this type of analysis might seem to be very labor intensive, the actual time spent
for the final overall benefit is small. When the problems can be defined, the application
of the information into a preventive maintenance program can provide quick rewards
to a maintenance group through improved reliability of high failure valves and less
time spent on parts replacement or refurbishment of low failure valves.

While most in-service inspection (ISI) programs will also help to identify these problem
areas, the use of NPRDS data for each plant provides a quick method of incorporating
many years of historical failure data into a preventive maintenance program today.
These lists of failure-prone valves can be refined as additional data is collected on the
high failure components.

For diaphragm failures, Section 7 of this manual provides a complete discussion of
diaphragm manufacturing, shipping, handling, installation, and failure analysis to help
understand the primary mechanism for spring and diaphragm actuators.

Solenoid valve failures are covered in detail in the NMAC Solenoid Valve Maintenance
Guide (NP-7414).

The rest of the subcomponents are covered generally in Section 4 on troubleshooting
and maintenance.
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4
TROUBLESHOOTING AND RECOMMENDED
CORRECTIVE MAINTENANCE PRACTICES

This section reviews the troubleshooting and recommended corrective maintenance
practices on the accessories of air-operated valves (AOVs).

The accessories covered by this section are those that are most common on control and
isolation (on-off) valves, including positioners, transducers, and volume boosters. In
most cases, as appropriate, the air tubing associated with the component should be
considered part of the component.

4.1 TROUBLESHOOTING GUIDELINES

The following subsections provide general symptoms associated with valve operation
and provide information about what to check on an actuator or accessory.

4.1.1 Control Valve Problems

4.1.1.1 Valve will not respond to signal

The first actions should be to determine if the problem is electrical or pneumatic, or
even if a physical constraint might be keeping the valve from operating.

A few checks can be conducted from the control room, such as verifying adequate
instrument air pressure and control power availability.

The next check includes local investigation by an operator, a maintenance mechanic, or
an instrument and control specialist. They can determine quite a bit from just looking
over the valve.

Check the simple things first. It can be extremely embarrassing and wasteful to tear
down a valve searching for a problem when the real culprit is a hidden isolation valve
or a cocked packing gland.
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Be sure to check the following:

• Check the system in accordance with the piping and instrumentation drawings
(P&IDs). Verify that all air supply valves are open.

• Open the petcock on the filter regulator to verify the air pressure. Instrument gauges
are often not functional or accurate.

• Verify the air supply to the valve.

• Listen for blowby at the seals or diaphragm. A ruptured diaphragm is a common
problem. Use a leak detection liquid to search for external leaks.

• Feel the actuating solenoid, if appropriate. If it is warm, it is energized.

• Feel the venting solenoid on piston-operated valves.

• A loss of control power might indicate that a fuse has blown.

• Check all air lines to see that they are not crimped or broken.

• Check the valve for adequate operating clearances. (Direct interference from scaffold-
ing built too close to a valve has prevented more than one valve from functioning.)

• If the valve was just installed, check the flow arrow to ensure that the process flows
in the proper direction. Flow above the seat can add pressures that the actuator
might not be able to overcome.

• Check the air to and from a piston actuator to ensure that the supply is not con-
nected to the exhaust and vice versa. A pneumatic lock can be caused by the switch-
ing of air lines.

• Check the packing gland. Improper gland configuration is a leading cause of stem
binding.

• Check the coupling to ensure that it is tight and still connected.

Further investigation requires component disassembly.

4.1.1.2 Valve will not fully open

Investigation into this problem requires access to the valve and might require disassem-
bly. Some of the possible causes that can be checked locally are:

• Inadequate air pressure. Even if the pressure at the line header is sufficient, modifica-
tions that add additional users can cause such a drop in pressure that the valve will
not fully stroke. Diaphragm failures and any component (air lines, internal or external
positioner leaks) between the header and actuator might cause distribution leaks.

• Incorrect positioner calibration is another common problem.

• Loose or damaged limit switches can also stop a valve from going full cycle. If the limit
switch is reached before the desired end travel is attained, the valve can stop short.

• Improper setting of travel limiter (if this is an installed option).
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Other problems that require disassembly include:

• Bent stem on actuator.

• Damaged valve trim.

• Weak or improper actuator spring.

• Incorrect spring preload.

• The valve might not be able to overcome process pressure due to a change in process
conditions. A new control valve might be required.

4.1.1.3 Excessive packing leaks

Packing presents one of the major problems affecting AOVs. Some of the more common
problems are:

• Insufficient packing compression.

• Insufficient packing compression from a loose or cocked gland.

• A scored or heavily pitted valve stem or stuffing box.

• Corrosion on the valve stem.

• Improper size or type of packing.

• Split ring packing improperly aligned. (Split-ring packing rings should be lined up
with their cuts or separations staggered.)

• Improper stem alignment.

4.1.1.4 Valve travel sluggish or slow

Few things cause this symptom and they are normally easy to ascertain:

• Packing gland too tight.

• Bent valve stem.

• Insufficient instrument air pressure.

• Process pressure increase (backpressure)

• Excessive lubrication in the piston actuator.

• Restricted flow to the exhaust solenoid or piping. (This can be caused by various
solenoid problems, see EPRI NP-7414, Solenoid Valve Maintenance Guide.)

• Crimped or too small air tubing.
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4.1.1.5 Valve travel jumps

This is typically a packing and stem interface problem. Possible causes are a bent actua-
tor stem or a packing gland that is too tight. Other less likely causes are corrosion of
valve internals, stem or valve misalignments, and some controller problems.

4.1.1.6 Flange leakage

Flange leakage covers the mating flanges on the piping to the valve and also the bonnet
or bottom cap to the valve. These leaks can be caused by a multitude of problems but a
typical cause is one of the following:

• Gasket problems. Including reuse of the old gasket, no gasket, gaskets of the wrong
material or size, or improper gasket crush. (See EPRI/NMAC TR-104749, Static Seals
Maintenance Guide.)

• Bolting problems. Using old bolts that do not torque properly, insufficient torque
applied for the service, or an incorrect torque pattern. (See EPRI/NMAC TR-104213,
Bolted Joint Maintenance and Applications Guide.)

• Surfacing problems. The valve flanges are pitted, eroded, corroded, or uneven.
Mating polished flanges that are even 0.001 of an inch off of 90 degrees will leak in
service. Check the installation of new parts.

• The flange is not designed properly for internal and external (actuator) forces.

4.1.1.7 Valve will not rotate

Rotary valve problem. Some of the more common causes are listed here:

• Valve stops set wrong, stopping the valve mechanically before it rotates.

• Broken stem or yoke.

• Overtravel can cause severe damage to eccentric valves.

• Dirt or corroded valve seats can cause broken stems.

• Insufficient actuator torque due to diaphragm or piston seal leakage.

• Changing service conditions, higher pressures, and greater pressure drops can stop
the valve from rotating due to insufficient torque.

• Valve packing too tight.

• Galled or damaged bushings.

• Broken seal, swelled seal, or a seal that came out of its retainer.

4.1.1.8 Poor flow control

Poor flow control can be attributed to many factors depending on the type of valve and
actuator.
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Poor flow control in globe valves can be caused by:

• Packing too tight.

• Deformed cage.

• Debris in the valve.

• Damaged piston rings.

• Bent stem.

• Faulty positioner.

• Valve not right for the process conditions.

• Plug damage from foreign objects. Erosion, corrosion, and cavitation are other
causes of damage.

Poor flow control in rotary plug valves can be caused by:

• Broken shaft. The actuator strokes, but the valve plug does not move.

• Improper actuator adjustment. The ball or plug might not be reaching either the
fully open or the fully closed position.

• Plug damage from foreign objects. Erosion, corrosion, and cavitation are other
causes of damage.

• Damaged bushings can cause the drive shaft to stick. It then jumps from one posi-
tion to another.

• A bent shaft can cause the shaft to bind during each stroke.

• A twisted shaft indicates a position that is untrue in regard to disk and seat. The
valve can indicate full open or full closed and really be mid-range.

• System line bolting has been unevenly torqued or over-torqued. It can cause exces-
sive friction between the seal and the ball.

Poor flow in butterfly valves can be caused by:

• Improper disk orientation. Fishtail disks perform satisfactorily when the tail opens
toward the downstream side of the valve. If the valve has been installed backwards
or if the disk was improperly installed, the valve will not provide adequate flow
control.

• A damaged disk.

• Foreign objects that restrict the disk from achieving flow control position.
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4.1.1.9 Cycling

Cycling can be caused by the following:

• An erratic actuator supply pressure.

• A defective or improperly calibrated positioner.

• Incorrect actuator size. (Cycling caused by this situation can cause early packing
failure, diaphragm failure, and damage to the seats and disks from the pounding.)

• Inadequate spring preload.

• Improperly sized solenoid valves.

• Incorrect packing installation.

Table 4-1 summarizes the control valve problems and their causes.

Table 4-1
Control Valve Problems

PROBLEM

CAUSE

Valve will
not respond
to signal

Valve will
not fully
open

Excessive
packing
leaks

Valve
travel slow

Valve
travel
jumps

Flange
leakage

Valve will
not rotate

Poor flow
control

Cycling

Improper valve
assembly

X X X X X X

Damaged parts1
X X X X X X X X X

Design problems X X

Improper travel
adjust/calib.

X
X2

Change in
characteristics

X X

Solenoid failure X X X

Instrument air
out of specs.

X X

Wrong parts X X X

Improper
installation3

X X X X X X

1 Includes reuse of old gaskets and elastomers.
2 Problem associated primarily with piston actuators.
3 Includes problems with over torque and reverse installation.
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4.1.2 Actuator Problems

The problems associated with actuators are normally easy to repair because the actua-
tors do not have to be removed from the fluid system. Many times a visual inspection of
the actuator in the field gives an immediate indication of poor performance. An ultra-
sonic sensing device to locate small leaks is a good tool for the technician to utilize
during this inspection.

4.1.2.1 Erratic or jerky throttling

Erratic or jerky throttling can be caused by a fluctuating air supply, an unsteady elec-
tronic/pneumatic signal, or a binding packing problem. A few minutes of watching the
valve cycle can indicate which of these problems is the cause. Adjustment of the
positioner or other control device can produce the desired result.

4.1.2.2 Failure to fully retract or fully extend

Failure to fully retract or fully extend is treated as the same problem for linear actuators.
The usual causes are:

• Low supply air pressure. This could also include air systems on infrequently used
valves. Also, the number of instruments being supplied by an air line might have a
greater volume than can be made up through the air line. In this case the valve
might not close or open, or might perform these actions extremely slowly.

• Air leaks. This can cause insufficient air pressure to the actuator.

• Improper bench set.

• Travel stops not properly set. On rotary actuators, the mechanical stops can be set so
that the actuator travel stops prior to the valve closure.

• Incorrect coupling between the actuator and the valve stem. This and wrong travel
stops have similar symptoms.

• Limit switches out of proper adjustment. This can cause the actuator to cease move-
ment prior to opening or closing.

• “Gummed-up” solenoid valves. Lubrication of piston actuators can gum up solenoid
valves. This can keep the vent valve open and cause the piston to stay in the mid
position or spring detent.

• Higher actual process pressure than used for actuator selection.

• Improper stem alignment, cage-to-plug alignment, or bonnet-to-body alignment.

• Damaged cylinder or piston rings are problems peculiar to piston actuators. Any
damage that permits air flow from the high- to the low-pressure side of the piston
can end up causing a pneumatic lock or insufficient force to move the actuator. A
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temporary fix might be to add an O-ring to the piston exterior and add a lubricator.
If the air leaks are small and the pressure is low, this repair can hold up for an ex-
tended time, possibly until the next outage.

• Elastomers in either diaphragms or seals that start to crack or break are a major
cause of actuator failure and degradation.

Problems with failing elastomers should be investigated by determining the exact
environmental parameters the elastomers are subjected to and replacing them accord-
ingly. See EPRI NP-6731, Guide to Optimized Replacement of Equipment Seals.

Tables 4-2 and 4-3 summarize problems and causes for diaphragm and piston actuators,
respectively.
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Table 4-2
Diaphragm Actuator Problems

PROBLEM

CAUSE

Erratic or
jerky
throttling

Failure to
fully retract

Failure to
fully extend

Cycling Failure to
stroke

Sluggish/
slow

Slow in
increasing
air pressure
direction

Slow in
decreasing
air pressure
direction

Actuator supply
pressure low

X X X X

Actuator
supply
pressure high

X X1

Actuator
supply erratic

X X

Unsteady
signal

X X

Improper
bench set

X X

Positioner X X X X X

Wrong travel
stops/
calibration

X X

Increased
packing
friction

X

Actuator spring
too large

X

Actuator spring
too small

X

Air leak
(diaphragm,
stem seal, or
case joint)

X

Leaks X X X X

Solenoid valve
failure

X X X

Air supply
tubing too
small or
crimped

X

Actuator too
large

X

1 Can cause the positioner to fail.
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Table 4-3
Piston Actuator Problems

PROBLEM

CAUSE

Erratic or
jerky
throttling

Failure to
fully retract

Failure to
fully extend

Cycling Failure to
stroke

Sluggish/
slow

Slow in
increasing
air pressure
direction

Slow in
decreasing
air pressure
direction

Actuator supply
pressure low

X X X X

Actuator supply
pressure high

X X1

Actuator supply
erratic

X X

Unsteady signal X X

Improper bench
set

X X

Positioner X X X X X

Wrong travel
stops/
calibration

X X

Lubrication 2
X X X X

Increased
packing friction

X

Actuator spring
too large

X

Actuator spring
too small

X

Leaks X X X X

Damaged
cylinder or
piston rings/
seals

X X X X X

Solenoid valve
failure

X X X

Air supply tubing
too small or
crimped

X

Actuator too
large

X

1  Can cause the positioner to fail.
2  Lack of lubrication permits the actuator supply air to migrate to the opposite side of the piston.
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4.1.3 E/P OR I/P Transducer Problems

Table 4-4 summarizes the E/P or I/P transducer problems, causes, and resolutions.

Table 4-4
E/P or I/P Transducer Problems

Problem Possible source Resolution

With a known input, transducer signal
will not provide the correct output
pressure.

Zero and span not correct. Calibrate the transducer, using the
manufacturer’s procedures.

At the top end output, there is an
internal or external air leak.

Check the external air lines with a
soap-type solution and correct the leak
if one is found.

Internal leakage. Replace the relay or
unit as applicable.

With a constant input signal, the valve
is cycling.

Internal or external air leak. Check the external air lines with a
soap-type solution and correct the leak
if one is found.

Internal leakage. Replace the relay or
unit as applicable.

Failure of compensating bellows. Replace the bellows or unit as
applicable.

External vibration. Mount the transducer on a stable
surface.

Miscellaneous internal failure. Replace the transducer.
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4.1.4 Positioner Problems

Table 4-5 summarizes the positioner problems, causes, and resolutions.

Table 4-5
Positioner Problems

Problem Possible source Resolution

With a known input, the positioner
signal will not provide the correct
output (valve position).

Zero and span not correct. Calibrate the positioner using the
manufacturer’s procedures.

At the top end output, there is an
internal or external air leak.

Check the external air lines with a
soap-type solution and correct the
leak if one is found.

Internal leakage. Replace the relay or
unit as applicable.

At top end output. The spring is too large or starting to
block.

Sluggish or erratic operation. Internal or external air leak. Check the external air lines with a
soap-type solution and correct the
leak if one is found.

Internal leakage. Replace the relay or
unit as applicable.

Positioner to stem linkage is binding. Eliminate the binding linkage.

Worn linkage. Replace the linkage.

In a double acting piston actuator, the
steady-state positioner output
pressure might be low (It should be
between 60 and 75% of the supply
pressure, depending on the
manufacturer).

Adjust the relay nozzle to obtain the
proper pressure level.

Dirty orifices or filters. Clean the orifices or filters.

,
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4.1.5 Volume Booster Problems

Table 4-6 summarizes the volume booster problems, causes, and resolutions.

Table 4-6
Volume Booster Problems

Problem Possible source Resolution

Sluggish operation. The internal or external bypass is not
closed enough to get quicker
response.

Close the bypass until proper
operation is obtained.

The sensing diaphragm or upstream
piping is leaking.

Check for leaks and correct.

Erratic operation. The internal or external bypass is
closed too much for proper operation.

Open the bypass until proper
operation is obtained.

Continual leakage through exhausts
with no change in signal.

Internal or external bypass is closed
too much for proper operation.

Open the bypass a little.

Leaking diaphragms. Inspect and replace the diaphragms
as required.

Internal valves leaking by. Inspect and replace the valves as
required .

4.2 MAINTENANCE PHILOSOPHY

The proper operation of all air-operated valves is of the utmost importance for the
continued reliability and operation of power generation facilities. Air-operated valves
impact virtually every piping system within the plant. Degradation or failure of any of
these valves can cause transients that further affect the operation of many other plant
systems. They might, in some cases, affect the plant’s availability factor.

To improve air-operated valve availability and, consequently, the overall plant reliabil-
ity, the valves must be periodically and professionally maintained to reduce the failure
rate now being experienced in the power industry. Air-operated valves should be
maintained to operate at optimum efficiency. To accomplish this, most plants will need
to change from a “reactive” or “corrective” maintenance mode to a “pro-active” or
“preventive” maintenance mode for critical components.

Some plants are establishing air-operated valve teams to upgrade their maintenance
program to meet or exceed regulatory changes. Others have enlarged their existing
valve team. A centralized valve maintenance engineer with responsibility for all plant
valves might be incorporated at many plants in the near future.

4.2.1 A Holistic Approach

A dictionary defines holistic as the whole, containing all of the parts. A holistic ap-
proach could conserve many expenditures related to the maintenance of valves. A valve
team leader responsible to a maintenance manager or maintenance supervisor would
control a repository for all plant information on air-operated valves (or valves in
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general as each particular maintenance department institutes its own program tailored
to its plant requirements).

The valve team leader could maintain files on existing procedures, piping and instru-
mentation drawings (P&IDs), vendor manuals, work requests, work histories, and
maintenance schedules. Prior to an outage or prior to a valve overhaul or test, the valve
team leader could ascertain parts availability, review prior maintenance documents for
problems, update procedures if required, and ensure the availability and the readiness
of the labor force, work orders, scaffolding, and insulation. The valve team leader
would verify clearances, ready radiation work permits, and ensure the availability of
the required tools.

Immediately prior to the task, clearances should be applied for on the prime piping and
prime electrical systems, as well as the ancillary piping (instrument air pilot air) and
ancillary electrical distribution systems (control power and solenoid power). Obtain
approval of the radiation work permit indicating proper protective clothing and radiation
instruction. The rigging attachment points might require testing (I-beam clamps, and
so on).

During disassembly, protect and bag the fasteners following inspection. Obtain new
fasteners when required. Conduct checks to ensure that all elastomers are inspected and
adverse conditions, such as hardening and cracking, are considered prior to reassembly.
Thoroughly inspect all surfaces for scratches, grooves, and wear. When necessary, sched-
ule rework and replace parts immediately to facilitate expeditious reassembly and repair.

Prior to repair, make calibrated gauges available for the valve tests in accordance with
applicable codes and procedures. Check that specialized diagnostic equipment opera-
tors are available for tests to ensure the correctness and completeness of the repairs.

Transportation and cribbing might be required, in addition to rigging, to reinstall the
valve. The final operational test and the cleanup of the work area should be docu-
mented for work history records.

The above sequences, under the guidance of a valve manager or team leader, can limit
rework through standardization of the maintenance methods currently in use in many
plants, saving valuable time and money. The above functions, however, are not all
encompassing and should be reviewed by each plant.

4.3 PRE-OUTAGE WORK

4.3.1 Preparation

Whether it is an outage or only preventive maintenance during an operating cycle, the
job should always be planned carefully before it actually starts. Waiting until the day of
the job to start planning can be extremely costly in lost time.
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If the job is large (for example, removing a main steam line stop valve), an action plan is
called for. Many plants today have procedures for writing and implementing action
plans. When there are multiple tasks and multiple action parties, an action plan is the
clearest way to straighten out all of the expectations. The action plan is the one docu-
ment that can readily cross departmental boundaries.

Planning is not easy. On a big job or a small job, there are certain things that must be
done that can be defined as planning. A few of these items might need to be done sev-
eral times prior to the start of the job. The following tasks should be undertaken until
the responsible party is comfortable with the depth of preparation.

4.3.2 Walkdown

Possibly the most beneficial activity and one of the easiest to accomplish for the mainte-
nance professional is the walkdown. During this walkdown, check for the clearances for
ingress and egress. Verify attachment points for rigging. Note if it is a testable pad.
Ensure that there is adequate and safe room for the rigger. Visualize the movement of
the valve from lift to landing. Check the pathway needed to transport the valve all the
way to the shop or interim staging area.

Back at the valve, check the condition of all components; look for loose parts or dam-
aged components. Be especially alert for damaged (crimped) and loose air lines. Check
the condition of the wiring to limit switches and solenoid valves. Note the actual sizes
of the fasteners on the valve and the actuator. Record the nut sizes. All one-half-inch
bolts do not have the same size heads. If temperature has been a problem and the plant
is in operation, check the temperature in the area. If the plant is not in operation, locate
the hottest (thermal) area and install a resistance temperature detector (RTD) or tem-
perature trip to record the temperature for the next cycle.

Check all piping supports and record the instrument and valve numbers that will be
used when filing for clearance. Investigate what type of insulation, scaffolding, or
ladders are required to safely access the valve. Do not allow mechanics to walk or stand
on the piping or electrical wiring.

A good walkdown will save many hours of additional work and will keep the problems
at a manageable level. A still or video camera is very useful for job planning, especially
for work in radiation areas.

4.3.3 Ordering Parts

It makes no difference whether shop spares are used or vendor parts are ordered di-
rectly; all parts must be in hand before you tear down a piece of equipment. Just verify-
ing that they are in stores is often not adequate. Draw the parts so all can be verified for
size, material, or the proper threads. Do not plan on getting vendor parts a week before
the job is to be done.
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If new parts are ordered and used with store room parts for the same valve, be sure that
the store room parts have not changed and are still compatible with the new parts.

Shelf life should also be considered; if it is near the expiration date on elastomers (O-
rings, seals, and so on), stretch one to see if it is already dried out and cracking. Have a
spare for the one that gets cut during installation.

When parts are received, verify them for compatibility and conformity. Note any num-
ber differences due to vendor changes. Place a copy of the material receipt in the back of
the vendor manual. Having all material available can save time and the cost of expe-
dited parts.

Before installation, measure parts (new or stored) for proper tolerances and check
mating parts for clearances that meet vendor specifications.

4.3.4 Information Gathering

As soon as you are aware of the job, obtain the appropriate (latest revision) of the P&ID
and the electrical schematic. If it is an outdated issue, check it for design change pack-
ages or notices. Use these drawings to augment your walkdown to ensure that there are
no unauthorized modifications and that the drawing is correct. Many delays have
occurred because clearances were taken against an improper drawing.

Next, obtain the vendor manuals for the valve, actuator, and any accessory you plan on
repairing or testing. Check the parts list to be sure that current parts information is
available.

NOTE: Asbestos packing is no longer in use. Update vendor manuals that call for asbestos.
Contact the vendor for the proper replacement.

A quick check of the elastomers against the environment and the appendixes can verify
if the elastomers being used are the proper material. The proper material can save
reworking the valve in an earlier-than-planned time period.

The next documents to check are the maintenance procedures. These procedures should
be checked against NUREG CR-1369, Procedures Evaluation Checklist for Maintenance,
Test, and Calibration Procedures.

Retrieve all documents regarding the maintenance history of the valve and accessories.
The maintenance procedure should be reviewed and updated, if necessary, including
any lessons learned during previous maintenance work.

When a valve team is being started and testing information is not readily available to
establish a baseline, then the preoperational procedures can be evaluated to provide the
data that is not readily available.
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Know how control loops function. Gather all information required to understand the
control system and develop a procedure to perform a functional test of the system.

A check of the technical specifications (on safety-related systems) will be of great ben-
efit. Know and understand your reference material.

One of the aids most often overlooked is that of a photographic diary. A set of pictures
that shows the location of all of the components and the routes for ingress and egress is
suggested. A ruler should be placed in the pictures to help in indicating size and dis-
tance. These pictures are exceptionally valuable in high-radiation areas.

4.3.5 Notification (Scheduling)

The various valve jobs that are assigned come from three major sources. They might be
(1) modifications, (2) routine scheduled maintenance, or (3) corrective maintenance in
response to emergency shutdowns.

Modifications are routinely scheduled on a long term calendar because of budgetary
constraints. These jobs are the easiest to plan because the time and resources have been
allocated.

Scheduled maintenance planning and part ordering should be ongoing. Order parts six
months prior to the scheduled work unless a review of the equipment indicates longer
lead time for some parts. If parts with long lead time are called for, either look for a
vendor that can supply the parts expeditiously or suggest a modification that will put
components with parts that are readily available into the system.

Corrective maintenance that is caused by component failure cannot be scheduled;
however, the trending of elastomers, service temperatures, and service cycles during
predictive maintenance activities will significantly reduce this problem on extremely
critical components (plant limiting).

Valve soft components—diaphragm, packing, seals, O-rings, and gaskets—should be
maintained as spares. If these are to be issued beyond low bin level, the valve team
leaders should be notified immediately. Remember, you are responsible for parts.  You
do not want to have a component failure and find that parts availability is an issue.

Routinely check the planning calendar (at least weekly). Be aware of what requirements
are coming for the calendar quarter, the month, and the week. Coordinating like tasks
that require common support can sometimes be very economical. Be informed and keep
up to date on all work that is in progress. Inter-division work should be discussed at
department planning meetings.

As an example of the above, scaffolding is to be installed to remove a failed vent fan. This
same scaffolding permits access to two valves that are scheduled to be tested during the
upcoming quarter. If the systems are available to test, the schedule can be modified to



4-18

EPRI Licensed Material

Nuclear Maintenance Applications Center

permit the valves to be worked immediately, taking advantage of the prior scheduling
and saving the scaffolding costs if the scaffolding meets all requirements for the job.

There are many examples of scheduling opportunities that can arise; be ready for them.
In another example, two weeks prior to a scheduled shutdown, the plant trips due to a
component failure (not related to the maintenance actions), and this causes the normal
fueling outage to be moved ahead on the schedule. Do you lose the ability to take ad-
vantage of this valuable time? Remember, parts are your responsibility.

4.3.6 The Checklist (Tickler)

A checklist is a plus for every valve program due to the large variation of air-operated
valves in a power plant. This volume of valve specifics coupled with daily routines and
special projects makes it very difficult for anyone to keep all this information in their head.

A checklist is a personal planning tool and, as such, its content and format vary greatly
from one checklist to another. It can contain a complete reference of the valve and its
repairs. The checklist is a blend of information the user believes necessary to plan,
commence, complete, and record a component repair. A sample checklist is included in
Appendix I.

4.4 CORRECTIVE MAINTENANCE TASKS

The following are general maintenance procedures, practices, and precautions. Specific
maintenance procedures should be obtained from the vendor’s maintenance manual.

4.4.1 General Discussion

4.4.1.1 Replacement of Accessory Components versus Refurbishment

In general, there appears to be a consensus that accessories should be replaced rather than
repaired. Also, OEM documentation on the repair of accessories is all but nonexistent.

The following are some of the reasons for replacing equipment rather than refurbishing it:

• The labor hours associated with refurbishing a component could easily exceed the
cost of replacing it, especially if the component has to be decontaminated prior to
refurbishment.

• If the component is used on or in a quality- or safety-related system, plant procedures
might not allow the component to be assembled by anyone other than the OEM.

• The assembly of new components at the OEM is assumed to be accomplished using
the latest parts, technology, and experienced personnel. This might not be the case in
the field and might lead to an inferior product.
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The above are valid reasons for throwing away used components; the following is a list
of reasons to consider the alternative:

• The cost of refurbishment kits is often very low when compared to the cost of a new
component.

• The learning experience of rebuilding a component is a very valuable tool in the
world of diagnosing valve problems.

• Learning why a component failed can assist in preventive or predictive maintenance
practices for that component. For example:

– If a part failed because it was installed improperly, a procedure can be put in
place to correct that practice.

– If a part failed because of exposure to temperature, radiation, or some other
normal environmental factors, a program can be implemented to replace that
part before it reaches its useful life.

– If a component or part is changed out because it is thought that it has reached its
useful life when it really was installed improperly, a shorter than necessary
predictive maintenance schedule would be assigned to that component, adding
to maintenance and spare part cost.

– It is understood that there is very little time to inspect or rework parts during an
outage. Such parts could, however, be stored in an appropriate area until inspec-
tion or rework can be accomplished after the outage, thereby utilizing the labor
force better during the non-outage.

It seems that whether the component is replaced or refurbished, there is an overwhelm-
ing reason to at least take the old component apart to analyze the reason for its failure
or degradation. Only with this information can an effective preventative maintenance
program be practiced.

4.4.1.2 Non-Metallic Parts

In general, when a non-metallic part is released from a compression force that has
caused the part to set, it should be replaced. This would include diaphragms, stem
seals, gaskets, and O-rings.

Parts that are torqued down and obtain a set should not be re-torqued; they should be
replaced. Re-torquing could cause the material to extrude, creating more of a problem.
An example of this would be an actuator diaphragm that is leaking around the flange. If
it cannot be replaced right away, tighten it only enough to stop the leak and replace it as
soon as possible.

4.4.2 Starting the Job (Helpful Hints)

The first step in starting a job should be the “Tailboard” or job briefing. Many plants
require this as a prerequisite to large jobs. This is the time to explain to scaffold
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assemblers and riggers just what your intentions are. A few questions answered now
will save many delays later.

Whether you are rigging a heavy valve or performing tests with electronic instruments,
unauthorized personnel should be excluded from the local area by using a caution
barrier before the job actually starts. For the safety of both personnel and equipment, it
is better to eliminate all through traffic.

Be sure the piping and electrical clearances are in place. If you cannot be there with the
operator when he positions the valves and breakers, at least check the tags.

As the first fasteners are backed off, ensure that the piping has been vented or depres-
surized slowly. Clogged air line filters can be dangerous.

On electrical connections and termination boxes, check all exposed wiring for hot leads
prior to working the wires and cables. Check the physical condition of all ancillary
components to be sure they are firm and in the proper position. Loose parts is one of the
major failure faults. After the valve or component has been removed, fasteners should
be inspected and bagged (attach to the flange or take to the shop).

4.4.3 Rigging Out/In

Most riggers are extremely careful and competent, but you may want to monitor their
work to ensure that no components are broken and that the air lines are not crimped.
The tables in Appendix J (Valve Maintenance Clearance Data) provide suggested job
planning information in relation to heavy lifts.

CAUTION:  When a heavy valve or component is free of the flanges or piping, it can swing or
twist. Stand clear and beware of pinch points.

Tie off loose piping and electrical leads in the way of component removal. This keeps
air lines from being damaged and keeps electrical terminations secure.

The above list is not all inclusive. You may think of a few “Helpful Hints” yourself. Jot
them down in the margin to help the next user.

4.4.4 Disassembly and Inspection

Actually, the inspection started during the walkdown when the valve was first seen for
this repair order. During the walkdown, a check was made for loose and damaged parts.

The next phase is the actual disassembly of the unit. Loosen and remove each stud
slowly, being cautious of any trapped fluids or leaking isolation valves. As the studs are
removed and bagged, they should be checked for nicks and burrs on the threads, which
could cause a faulty torque reading. Prior to reuse, they might be run down with a
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dienut or coated with a very light lapping compound and chased (threaded with their
own nuts). On safety-related systems, new fasteners should be checked as a set, because
torquing depends on stretch. Studs of dissimilar material should not be used.

If the studs are to be re-used, they should be bagged and attached to the flange or taken
to the shop with the valve.

The next inspection is that of the mating flanges. The surfaces should be checked for
scoring and pitting. There is a good chance if the flange was leaking that there is a cross-
surface cut that needs to be removed prior to remaking the flange. Even if there is no
cut or pit, the flange can be faced with an extremely fine surfacing compound to remove
surface corrosion products.

The old gasket should be saved for comparison with the new gasket. Do not install a
wrong new gasket or reuse the old gasket.

The inspection of the diaphragm should be done with care. The diaphragm might be
reused if the service length has been short and the environment mild (on non-safety-
related valves only). The material should have good resiliency, and the part that has
been clamped between the diaphragm case should not have taken a set. The diaphragm
should also be checked for nicks, pits, and cracks. Replace any diaphragm that indicates
these deformities.

The diaphragm can be checked carefully for minor particulate or spalling material from
the piping. The presence of particulates, even in small amounts, is a good indication
that your I/P transducers and solenoid valves should be checked.

If there is a rusty area or rust marks on the diaphragm it is an indication that your
instrument air could be out of specification and the carbon steel piping and pressure
vessels might need to be checked for pitting or corrosion. If the valves are downstream
of an instrument air dryer, the dryer should also be inspected for proper operation, and
the dryer towers (pressure vessels) should be checked for pitting. See Section 7.5.1 for
more details on diaphragm inspection.

NOTE: If a small micron filter has been installed in the pneumatic system upstream to the
actuator assembly, the filter should be tested to check service pressure and flow rate. If both
of these parameters are in specification, service the filter and continue. Many small micron
filters can cause slow or no response. The attempt to clean air systems in this manner is not
a proper cure. Actuator response is the more important parameter.

Contact surfaces of valve plugs and seats can be checked for surface-to-surface contact
with Prussian Blue. A full 360-degree matte-finish contact surface from lapping might
be a final acceptance criteria.
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All inside metal components should be checked for erosion and corrosion. Any indica-
tion of wall damage to a pressure part might require further evaluation. The results of
any inspection should be recorded on the work order and on the checklist.

4.4.5 Actuator Maintenance

4.4.5.1 General Discussion

Concurrent with the valve refurbishing, the actuator and accessories are also reworked.
Each of the major components will be either repaired in accordance with the
manufacturer’s guidelines or replaced. The proof of the repairs will be in the success of
the retest and bench set.

The actuator should be disassembled in accordance with the vendor’s manual. On
piston actuators, the preferred method of disassembly is to replace a portion of the stay
bolts with longer studs to be used as jacking bolts to relieve the force evenly. The design
of the actuator dictates the length of the longer studs that need to be installed.

WARNING:  Improper disassembly or reassembly can cause serious injury. These tasks
should be done only in strict compliance with the manufacturer’s recommendations.

The actuator should be completely disassembled and the parts cleaned. Sand blasting
the internal diaphragm housing can eliminate rust and corrosion, but the inside must be
completely free of particulates or grit prior to reassembly. All elastomers must be re-
placed, and sealing surfaces should present a mirror-like finish that is completely free of
nicks and burrs.

The cylinder should be well greased to permit the piston-seal to travel throughout its
range. The grease should maintain its lubricating qualities throughout the range of
environmental temperatures that the AOV will be subjected to.

If lubricators are used, it is necessary that the solenoid vent path not be subjected to
hydrocarbon vapors. This is one of the major reasons for solenoid failures.

4.4.5.2 Diaphragm Replacement Tips

• Keep the diaphragm clean. Wear clean gloves to keep deteriorating materials from
coming into contact with diaphragm.

• Inspect the diaphragm for any manufacturing defects.

• When tightening the diaphragm to the diaphragm plate, do not allow the valve stem
to rotate.
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• Overtightening the diaphragm casing cap screws and nuts can damage the dia-
phragm. Use the manufacturer’s recommended torque for this operation. Use a
crisscross pattern to assure a proper seal.

• Once torqued, do not go back and re-torque after the diaphragm has set.

4.4.5.3 Stem Seal or O-Ring Replacement Tips

• Use the proper lubricant when installing the O-rings.

• When installing the stem through the stem seal, if there are exposed threads on the
stem make sure that these do not cut the seals. The temporary use of Teflon tape
around the exposed threads while the stem is being installed affords some protection.

• Inspect the actuator stem where it goes through the seal rings for any wear or
scratches. Replace or refurbish as required.

4.4.5.4 Actuator Spring Replacement Tips

• Relieve all spring compression prior to working on the actuator.

• Do not allow the valve or actuator stem to turn during any operations.

• Lubricate all moving parts when assembling the spring.

• Adjust the spring so that it just starts to move at the lower end of the bench set
pressure as recorded on the actuator name plate.

4.4.5.5 Bench Set

The last of the shop testing normally conducted is a bench set of the actuator. “Bench
set” is the nameplate specification that is used to verify proper actuator operation.
Bench set is expressed as the pressure range from the start of the actuator stroke to the
valve’s rated travel. Because actuator spring rates are not very consistent, it is reason-
able to assume that only one of the bench set points can be met and the critical value
should be the one adjusted. On air-to-open valves, the start pressure is critical for a
valve that requires positive shutoff by the spring (that is, the seat load). On air-to-close
valves, the end pressure value is critical to have enough force to overcome the spring
force and the valve friction, and to seat the valve.  Adjust the spring to satisfy the criti-
cal end of the stroke. The full stroke differential pressure can be changed only by replac-
ing the actuator spring.

When conducting the bench set test, the configuration of the actuator and valve is defined
by the valve manufacturer. The most common configuration is to have the actuator dis-
connected from the valve stem. Some manufacturers require that the packing load be
removed but that the valve plug and stem remain attached to the actuator. This method
accounts for the weight of the stem and valve plug in the proper operation and sizing of
the valve and actuator assembly. On valve actuators that have bellow seals instead of
conventional packing, the valve stem is left connected to the actuator. If there is also
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conventional packing, the packing load must be relieved. The force of the bellows seal
compression is significant and must be factored into the bench set of the actuator.

Because the valve forces are not present in many cases, the bench set pressure range is
not the same as the pressure required to stroke the valve in actual service.

For example, assume an actuator with a load pressure range of 3 to 15 psig and a bench
set of 3 to 11 psig. It is helpful to think of the loading pressure range in three distinct
segments, as shown in Figure 4-1.

4 PSIG PROVIDES
CONTROL VALVE
FORCE REQUIREMENTS

8 PSIG COMPRESSES
SPRING OVER TRAVEL

3 PSIG OPPOSES
INITIAL COMPRESSION
WOUND INTO SPRING

BENCH SET = 3 – 11 PSIG

15
14
13
12
11
10
9
8
7
6
5
4
3
2
1
0

TOTAL

PSIG BENCH SET DETERMINED
WITH NO EXTERNAL
FORCES APPLIED TO THE
ACTUATOR

F0

Figure 4-1
Typical Bench Set Illustrated

Figure 4-1 defines bench set and explains the process for a typical actuator that is re-
quired by the manufacturer to be disconnected from the valve stem. Plants that have
active diagnostic equipment might find that their equipment supports bench set.

4.4.6 E/P or I/P Transducer Maintenance

4.4.6.1 General Mounting Suggestions

In general, E/P (voltage to pneumatic) or I/P (current to pneumatic) transducers should
not be mounted on a valve that is susceptible to high vibration. The high vibration
produced by some valves affects the balance bar, which converts the electric signal to a
pneumatic signal.

4.4.6.2 Air Leaks and Relay Replacement

• Many air leaks, either internal or downstream from the transducer, are the major
concern with transducers.
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• E/P transducers or I/P transducers have integral “relays” that contain most of the
non-metallic components of the transducers. These relays are easily replaced in the
field and correct most of the problems with a transducer. If a transducer does not
have a relay or if a replacement relay is not available, replace the complete unit.

• When replacing a relay, some type of seal goes between the main unit and the relay.
Make sure that the proper (acceptable to both the original transducer manufacturer
and the utility) lubricant is used on these seals, as applicable.

4.4.7 Positioner Maintenance

4.4.7.1 General Mounting Suggestions

• In general, electronic positioners (positioners that receive a current or voltage signal)
should not be mounted on valves that exhibit high vibration during operation. Most
of these positioners use a balance beam to convert the electronic signal to a pneu-
matic signal, and this beam is adversely affected by high vibrations. The corrective
solution would be to mount either an I/P or E/P on a stable structure and mount a
pneumatic positioner on the valve.

• Proper initial mounting of the positioner to the valve is critical to its proper opera-
tion. Most positioners are aligned to the valve while the valve is at its mid-stroke.
Then the positioner is mounted and attached to the valve so that an internal cam is
aligned with a follower or some other similar mechanism. If this initial mounting is
not completed properly, further calibration is more difficult and proper operation
might be affected.

4.4.7.2 Air Leaks and Relay Replacement

• Air leaks, either internal or downstream from the positioner, are the major concern
with positioners.

• Many positioners have integral “relays” that contain most of the non-metallic com-
ponents of the positioner. These relays are easily replaced in the field and correct
most of the problems with a positioner. If a positioner does not have a relay or if a
replacement relay is not available, replace the complete unit.

• When replacing the relay, some type of seal goes between the main unit and the
relay. Make sure that the proper (acceptable to both the original positioner manufac-
turer and the utility) lubricant is used on these seals as applicable.

4.4.7.3 Positioner Linkage

There are two concerns with positioner linkage: linkage binding and wear of the linkage
parts. Both concerns affect the control of the valve, either overall or at one location, de-
pending on the type of wear or binding. In general, linkage has to be very free to move,
with no “slop” in the linkage and no steps or wear spots in the follower linkage. Binding
must be corrected so that there is free movement, and worn parts must be replaced.
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4.4.8 Volume Booster Maintenance

In general, volume boosters are used to improve the response time of valves and are
normally used with large volume actuators.

When used in on-off applications, the bypass restriction should be completely closed.

When used for control valve applications, the bypass restriction should be closed
enough to obtain the required response from large changes in the input signal, yet allow
small changes without booster operation.

Pressure regulators should be used upstream of the volume booster’s supply port to
protect the actuator from excess pressure if the booster should fail. The regulators
should be large enough so that they do not create a restriction to the volume
booster’s supply.

4.4.9 Close Out

As soon as the job is complete in the field, all clearances should be removed. This needs
to be done to permit an operability check of the component that was repaired or tested.

When diagnostic equipment is available, an “as-left” valve signature can be obtained.

All tools and instruments should be returned.

Scaffolding and insulation should be taken down immediately, but not before the oper-
ability checks have been satisfactorily completed.

The foreman or group supervisor should close out all paperwork. The recording of man
hours expended and parts costs can be reviewed to update costs for future planning.

Finally, procedure change requests and drawing change requests should be filed in the
appropriate location



5-1

EPRI Licensed Material

Air-Operated Valve Maintenance Guide

5
PREVENTIVE MAINTENANCE

5.1 Introduction

This chapter provides a program for preventive maintenance (PM) tasks suitable for
application to AOVs in nuclear power plants. This template was developed under EPRI
Work Order 4109 under the project management of EPRI project manager John Gisclon.
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5.3 Template Notes

NOTE 1: Use of Template Intervals

The Expert Panel felt there was sufficient cause to perform the tasks as close as possible
to the intervals indicated in the template unless specific means are employed to add
confidence that a more extended interval can be used (for example, insertion of a visual
inspection [see note 6] or the use of condition monitoring, maintenance history, and as-
found conditions).

Deferral of any overhaul task requires an evaluation. One evaluation method would be
to compare, using a sampling process, the candidate equipment’s maintenance history
and as-found conditions to those of other components with similar specifications and
operating conditions.

NOTE 2: Service Conditions

If the component operates in severe service conditions, the plant-specific conditions
must be considered in order to select appropriate intervals.

NOTE 3: Run-To-Failure

If there are plant-specific conditions (that is, one or more columns) for which no PM
task is appropriate (NR for all tasks in that column), this is considered to be Run-To-
Failure (RTF). RTF is a maintenance-only option for those always non-critical compo-
nents that meet all the following conditions:

• The component is not required for vital system redundancy.

• The component’s failure does not promote failure of other components.

• There is no increased personnel radiation exposure if the component is run-to-failure.

• It is more cost-effective to repair or replace the component rather than to maintain it.

• There is no simple cost-effective task to maintain the component.

NOTE 4: Post-Maintenance Test

After completion of any action that could affect component function, it is prudent to
verify that the component operates in an acceptable manner (that is, by post-mainte-
nance testing), whether or not this is required by applicable regulations. Consequently,
post-maintenance test activities are not described explicitly in this report. It should be
noted that the tests described are in addition to post-maintenance testing.
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NOTE 5: Regulatory Requirements

Existing Technical Specifications and other regulatory requirements (for example,
ASME Section XI) should always be followed. If the above recommendations differ
from these regulations, the more conservative approach should be followed. Appropri-
ate task interval determination could lead to recommendations for intervals that differ
from the existing regulations. In such cases, there might be a basis for seeking changes
to the regulations.

NOTE 6: Scheduling of Related Tasks

In general, evidence of abnormal degradation obtained from visual inspections can be
evidence that overhaul task intervals need to be adjusted. This is why we do visual
inspection.

Visual inspection is typically performed to ensure that critical components in severe
service conditions (for example, high temperatures, high humidity, or salt laden air) can
reach the prescribed detailed inspection and overhaul intervals.

In more normal service conditions for critical components, visual inspection can be
combined with overhaul to provide flexibility when the overhaul is performed.

The intervals in the template and the discussion above on the task scheduling assume
that after the overhaul, whenever it occurs, the schedule is repeated as if starting from
zero. Consequently, the schedules for any particular time-directed tasks do not continu-
ously repeat because they are closely related to the schedules of the other time-directed
tasks and the occurrence of the overhaul, in effect, resets the schedule clock.

NOTE 7: Scheduling for Related Components

The task intervals are specific for the component in order to address the technical basis
for the task. When the component has preventive maintenance performed in conjunc-
tion with another component type (for example, motor and pump), some compromises
on task intervals might be necessary to meet scheduling demands. Normally, the com-
promise would choose the shorter interval. These decisions will depend on the particu-
lar combinations of components at each utility. It is recommended that separate “skid
templates” be developed by the utility for these situations.

5.4 PM Rationale and Content:

5.4.1 Calibration of Accessories

Calibration measures the dynamic response of individual accessories (for example, E/P,
positioner, booster) to a control input. The intent is to ensure that each accessory is
functioning correctly within design tolerances (for example, start and stop points,
travel, timing). Calibration thus focuses on the design specifications of the accessories. It
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provides assurance that the process is being controlled properly, at least as far as the
inputs to the actuator and valve are concerned.

Calibrations are useful in providing information on accessory condition. Persistent,
significant calibration drifts can be used to identify the need for accessory replacement.
No other information might be available for this purpose as it is not cost-effective to
internally examine the condition of accessories.

Valve or operator internal degradation can occasionally be inferred from calibration data,
but not with any precision as to its location or quantification of the degradation mecha-
nism. It is more likely that persistent accessory drift might suggest the potential for inter-
nal damage to the valve and would be factored into the decision process to investigate
further. For example, calibration drifts that suggest a valve has been improperly seating
over an extended period could raise the question of erosion of the seat. Timely correction
of calibration drifts is therefore important in preventing degradation of internals.

Trended accessory calibration data should be used as justification to adjust PM frequen-
cies. This could consist of as-found and as-left data on I/P (E/P) and positioners. EPRI
report Guidelines for Instrument Calibration Extension/Reduction Programs, TR-103335, can
be useful in determining appropriate intervals based on historical as-found/as-left
calibration data. Other factors, such as duty cycle, can influence the interval decision.

Calibration should include:

• Set limit switches

• Pressure regulator set point

• I/P or E/P transducer

• Positioner

• Booster tuning

• Pressure switches

5.4.2 Packing—Inspection and Adjustment

Inspect for unacceptable leakage from the packing area and adjust the gland nut torque
according to site procedures.

5.4.3 Visual External Inspection

A visual external inspection is performed because it is a quick, non-intrusive, and inex-
pensive way to detect obvious signs of some developing problems. Such an inspection
does nothing to ensure that the equipment is working properly, but it does provide
detection of many degraded conditions that are visible or quickly detectable (for ex-
ample, using a soap bubble test) from outside the valve. Items that can be detected by
external visual inspection are listed below. Inspection of the packing area, with adjust-
ment of the packing only if necessary, is a type of visual inspection.
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A visual inspection should include:

• Structural integrity

• Subcomponent damage

• Loose, broken, missing fasteners, especially in high vibration areas

• Damaged or loose electrical connections

• Air leakage from pneumatic components

• Process leakage inspection (for example, soap bubble check) to include packing area,
body to bonnet area, flange joints, leak off lines, and pressure boundary

• Actuator shaft condition

• Condition of the valve stem and stem nut connector

• Pneumatic pressure readings within expected ranges

It is recommended that an informal external inspection should be performed every time
cognizant persons are at the valve. Such informal inspections should not replace the
scheduled inspection.

5.4.4 Diagnostic Scan

Diagnostic scans check the operability of all the accessories, the actuator, and the valve
as a single integrated unit. As a minimum, they provide a verification of the calibration
data and the calibration process. This verification includes being within overall toler-
ances for the complete valve as a system.

Diagnostic scans include dynamic measurement of travel, total friction, air pressures,
spring rate, and seat load. When combined with acoustic and thermographic internal leak
detection, these measurements provide detection, location, and quantification of most
sources of internal degradation. For example, if valve timing or travel data indicate a
problem, the diagnostic scan can usually indicate if the source is inappropriate friction,
possibly from a packing problem or internal damage, or if it is a result of worn springs.

Travel and seat load information on the seating area can raise the likelihood of internal
leakage, which can often be confirmed by acoustic or thermographic techniques. There
are limits to these capabilities. For example, although leakage can be confirmed, the
extent of the leakage can be assessed only by an inspection of the seat, that is, an over-
haul. The techniques may not always be applicable. For example, a cold water valve in a
noisy environment might not be assessable by thermography or acoustics. A control
valve that needs to shut off in an emergency might not be able to be tested for leakage
in realistic shut-off conditions.

Nevertheless, a diagnostic scan can be used to decide if the source of a problem is the
operator or the valve, and whether the problem can be corrected without tearing down
the whole valve.
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Because the diagnostic data can be trended, it is possible to use it, with some qualifica-
tion, to defer overhauls and replacements when the condition of the equipment appears
to be good and stable over time or to decide if an overhaul is appropriate. However,
there is one major exception to this claim. Diagnostic scans do not provide information
on the condition of the diaphragm. The condition of other soft goods can be inferred
from diagnostic information because they typically deteriorate gradually and give signs
of progressive leakage. For example, O-ring piston seals degrade this way. Similarly,
soft goods in accessories typically show degradation over time through increasing
calibration drift, as mentioned above.

The inability to detect diaphragm degradation using diagnostic techniques is the main
factor leading to the need for overhauls for valve actuators.

Current data acquisition packages can record and permit trending of useful valve pa-
rameters. These parameters can include travel, total friction, air pressures, spring rate,
seat load, and so on, and can be used to adjust PM intervals. Suggested intervals are 2
years for high duty cycle valves and 4 years for low duty cycle valves, with the qualifi-
cation that limits on the use of diagnostic resources will probably require doing diag-
nostic scans on a revolving basis. For example, 25% of the high duty cycle valves could
be scanned each outage so that every valve is covered in four outages.

A diagnostic scan should include:

• Friction

• Seat load

• Travel

• Available actuator thrust

• Accessory signatures

5.4.5 Internal Leak Detection

Advanced technologies, that is, temperature profile and acoustic signature, can be used
for non-intrusive internal leakage detection. They also can be used for detection of
external leakage paths while being used for internal leakage detection.

Internal leak detection on the valve seat should include:

• Acoustic and infrared techniques

• Seat leakage

• Damaged or degraded electrical connections (Recommended while thermographic
equipment is at the valve site.)
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Internal leak detection for pneumatic leakage should include:

• Acoustic techniques

• Actuator air leakage

• Accessory component air leakage

5.4.6 Ultrasonic Techniques—Minimum Wall Thickness

ASME Section XI requirements include this task for many valves. This can also be used
on valves that are susceptible to erosion, corrosion, or other severe service conditions
(cavitation, flashing, Microbiologically Induced Corrosion, and so on) typically found in
raw water service or steam service.

5.4.7 Air Supply Filter Replacement

Because repair or refurbishment of the air filters is not cost-effective, the PM task is to
replace them. Air supply system quality and cleanliness can also affect valve function
and operation. A general air supply system check is prudent in conjunction with this
replacement activity; problems in the air supply could result in shorter intervals.

This task should include:

• Replacement of the air supply filter

General inspection of the air supply system for cleanliness and operability should
include:

• Excessive moisture

• Oil contamination

• Debris

• Restrictions

• Leaks

• Acceptable air pressure

• General damage

5.4.8 Actuator Assembly Overhaul

The main rationale for overhauling the actuator on a regular schedule is to replace the
soft goods because they degrade with age and exposure to the service environment. The
result is that replacement of the diaphragm, in particular, is necessary if failures are to
be prevented in some service environments. This would normally be the case for trip-
critical valves or valves that are extremely risk-significant. The actuators for such valves
are thus never likely to be maintained on a 100% condition basis unless the diaphragms
are made of a material suitable for the valves’ environment.
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Soft goods, including the diaphragm, are expected to possess a characteristic service
life, even though this can be a complex function of application, service environment,
and duty cycle. It is, therefore, in principle possible to replace soft goods “just in time.”
Finding the right time without discarding a significant amount of useful life and with-
out experiencing a significant number of failures should be a major objective for the
most critical applications.

Because degradation of the soft goods is expected to depend in a specific way on service
conditions (for example, temperature, radiation), duty cycle, and the application (for
example, position-sensitive vibration levels), significant differences in degradation rates
among actuators should be investigated. Correlation of the degradation rates with these
factors might lead to some actuators being permitted longer intervals between overhauls
than others. In these cases, reliability should be improved by the use of longer intervals.

Actuator assembly overhaul should also include both an internal and external inspec-
tion. During these inspections, it is also prudent to verify the cleanliness of the air
supply system. Lubrication is not performed as a regular separate PM for air-operated
valves. Certain subcomponents will receive lubrication as part of normal overhaul
activities. The overhaul and inspection activities should contain the following minimum
set of activities:

5.4.8.1 Actuator assembly overhaul:

• Replace soft goods, for example, gaskets, packing, diaphragms, seals, and so on

• Replace or repair hardware, as required

• Clean or refurbish seal surfaces

5.4.8.2 Actuator assembly internal inspection for the condition of, or for damaged or
missing:

• Sealing surface

• Bushings

• Sealing components, for example, diaphragm, seals, O-rings, and so on

• Cylinder walls and piston, if applicable

• Stem

• Gearing

• Springs

• Vents (are they clear?)

• System cleanliness
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5.4.8.3 Actuator assembly external visual for the condition of, or for damaged or missing:

• Structural integrity

• Subcomponent damage

• Fasteners that might be loose, especially in high vibration areas

• Connections, for example, electrical, pneumatic, and so on

• Valve stem

• Check for correct pressure gauge readings prior to overhaul and before return to
service

• Check for fluid or air leaks

• Manual operator is not engaged

5.4.9 Replacement of Accessories

Accessory replacement is motivated mostly by the need to address worn out or de-
graded soft goods within each accessory device or component. Deterioration of soft
goods and also mechanical wear both lead to symptoms observable in diagnostics or to
some degree by calibration drift.

Because repair or refurbishment is not usually cost-effective for accessories, the recom-
mended PM task is to replace them. Even though the removed accessories are not refur-
bished, a sample should be inspected for degradation that may indicate a need to adjust
the current replacement interval. If calibration data is trended, it can serve to show that
the replacement interval should be adjusted.

Wearout of accessories is expected to be application (for example, vibration), duty cycle,
and service condition related so that optimal replacement times might vary significantly
from one group of valves to another. Replacement is preferred over refurbishment due
to cost and time constraints. Individual accessory items might require different replace-
ment intervals. Replacements should take into account the date of the previous actuator
accessory replacement.

The replacement of accessories should include:

• Solenoid valves

• Positioners

• Regulators

• I/P and E/P transducers

• Boosters

• Limit switches

• Pressure switches
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5.4.10 Valve Assembly Overhaul

The rationale for a regular, scheduled overhaul of the valve body is not as clear as in the
case of the actuator. The soft goods in the valve (for example, packing, gaskets) degrade
over time, but all the degradation modes of the soft goods show manageable symptoms
that can be detected through diagnostic scans (for example, friction) or visual inspec-
tions (for example, leakage).

Stem and trim condition (for example, seating) can be inferred by diagnostics to detect
leakage, although an inspection is needed to assess the amount of leakby and the extent
of damage to the seat. Ultrasonics is regularly used to detect wall thinning.

Ultimately, an overhaul might be indicated to reduce leakage, to address packing dete-
rioration that is not correctable by retorquing, to replace or refurbish trim, and to re-
place gaskets.

In general, catastrophic failure without previous warning is very unlikely, so that the
valve body assembly is a good candidate for maintenance through a 100% condition-
based program. However, if a utility’s diagnostic capability is weak, there might still be
a need for regular valve body overhauls for the critical valves. The intervals in the
template can be used for this situation or for beginning the transition to an entirely
condition-based program. In achieving this optimum, information on valve internal
condition from internal inspections performed during overhauls will be indispensable.
It is recommended that the goal should be to eventually not have regular intervals for
the valve body assemblies.

Valve assembly overhaul should also include both an internal and external inspection.
The overhaul and inspection activities should contain the following minimum set of
activities:

5.4.10.1 Valve assembly overhaul:

• Replace soft goods, for example, gaskets, packing, diaphragms, seals, etc.

• Replace or repair hardware, as required

• Clean or refurbish seal surfaces

5.4.10.2 Valve assembly internal inspection for the condition of, or for damaged or
missing:

• Body for erosion, wear, and so on

• Trim for erosion, wear, and so on

• Sealing surfaces, for example, gaskets, and so on

• Stem

• Stuffing box

• Bearing surfaces
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• Bolting or stud holes

• Body porosity

• System cleanliness

5.4.10.3 Valve assembly external visual inspection for  the condition of, or for damaged
or missing:

• Structural integrity

• Subcomponent damage

• Fasteners that might be loose, especially in high vibration areas

• Electrical connections

• Valve stem

• Check for correct pressure gauge readings prior to overhaul and before return to
service

• Check for fluid or air leaks

• Manual operator is not engaged

5.4.11 Packing Replacement

Packing deteriorates over time and is expected to leak progressively. Replacement of
the packing is performed when retorquing no longer is feasible. Consult your packing
program or station procedures for trending and interval modification. If no packing
program exists, use the suggested intervals in the table, which are timed to coincide
with actuator overhauls.

• Replacement and inspection of packing should include:

• Replace the  packing

• Inspect the stem

• Inspect the gland follower

• Inspect the studs/nuts

• Inspect the stuffing box conditions

5.4.12 Stroke Test—Timed Stroke, SOV, and Limit Switch Actuations

A stroke test, timed or not, is done to verify operability of the valve as a complete unit,
including the solenoid-operated valve. A simple stroke test can be done as a failure-
finding task to ensure that a valve has not already failed; however, it provides practi-
cally no assurance that the valve is not about to fail. A timed stroke test, combined with
the visual external inspection, provides additional assurance that the valve system is
operating within overall tolerance, especially if the data is trended over time. These
tasks are embodied in ASME Section XI and other standards. A time response outside
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tolerance requires further diagnostic investigation to ascertain whether the problem is
in the valve or the actuator. Failure finding tasks, such as stroke tests, can be applied to
any critical valve that might fail undetected.

Stroke tests should include:

• Timed stroke
ASME Section XI. Timed stroke tests can identify sticking or other valve malfunc-
tion and can also be applied to valves not within the purview of ASME Section XI.

• Limit switch actuations

• SOV actuations

5.5 Examples of Valves Satisfying Template Conditions

Critical Valve Feedwater regulator
High Duty Cycle Pressurizer spray
Severe Service Condition Charging and let down flow control

High pressure injection (PWRs)

Critical Valve Power-operated relief valve
Low Duty Cycle Condenser bypass
Severe Service Condition Main steam bypass

Heater drain (alternate/emergency) dump
Containment isolation (inside containment)
Sample valves

Critical Valve Heater drain flow control
High Duty Cycle Main steam relief
Mild Service Condition Condensate

Critical Valve Service water (cooling)
Low Duty Cycle Component cooling water
Mild Service Condition Circulating cooling water

Fire protection

Non Critical Valve Plant Heating
All Duty Cycle Water Treatment
All Service Condition Sewage System

Service Air
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5.6 Definitions of Template Application Conditions:

5.6.1 Critical
Yes Functionally important, for example, risk significant, required for power

production; safety related, high radiation exposure during repair, or other
regulatory requirements.

No Functionally not important, but economically important, for example, for
any of the following reasons: high frequency of resulting corrective
maintenance, more expensive to replace than to repair, high potential to
cause the failure of other critical or economically important equipment.

5.6.2 Duty Cycle

High Operates frequently, for example, used for control of process flow

Low Operates very infrequently, for example, used for open or close

5.6.3 Service Condition

Severe Exposed to environments (internal and external to the component) or to
process fluids, that adversely affect reliability; internally or externally
subjected to high temperature, temperature swings, rain, spray, freezing,
chemicals, dust, or high radiation; passes corrosive fluids.

Mild All other conditions
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6
DATA ACQUISITION AND DIAGNOSTICS

6.1 INTRODUCTION

The introduction of air-operated valve (AOV) Data Acquisition Systems and AOV
diagnostics has piqued the interest of utilities throughout the industry. This chapter
describes how Data Acquisition Systems operate and how they can be applied, reviews
some basic calibration and diagnostic techniques, and discusses the benefits that can be
obtained from these systems. Appendix C presents typical problem traces and discusses
theory on the basic calculations and generic information that might be used to assist the
utility in starting or adding to its AOV program.

The following definitions were obtained from The American Heritage Dictionary of the
English Language:

Data plural noun (used with a sing. or pl. verb) (1) Factual information,
especially information organized for analysis or used to reason or make
decisions. (2) (Computer Science) Numerical or other information repre-
sented in a form suitable for processing by computer. (3) Values derived
from scientific experiments. (4) Plural of DATUM.

Acquisition noun  (1) The act of acquiring.

Diagnostic adjective  (1) Of, relating to, or used in a diagnosis. (2) Serving to iden-
tify a particular disease; characteristic.

Diagnosis noun  (1) Often diagnostics. (used with a sing. verb) The art or practice
of medical diagnosis. (2) A symptom or a distinguishing feature serving
as supporting evidence in a diagnosis. (3) An instrument or a technique
used in medical diagnosis.

Diagnosis noun  (1) (Medicine) (a) The act or process of identifying or determining
the nature and cause of a disease or injury through evaluation of patient
history, examination, and review of laboratory data. (b) The opinion
derived from such an evaluation. (2) (a) A critical analysis of the nature
of something. (b) The conclusion reached by such analysis.

From the above, a Data Acquisition System can be defined as a system used to acquire
information for the purpose of discussion, calculations, or diagnosis. For the purpose of
clarification in this section, the equipment used to obtain the information will be called
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the Data Acquisition System and the process of analyzing the data to resolve a problem
will be classified as diagnosis. Although some of the Data Acquisition Systems do
perform calculations (that is, they record data and calculate the bench set or friction),
this process will be considered calculation, not diagnosis.

Maintenance groups have been acquiring data and diagnosing problems, probably since
the advent of the first power-actuated valve. They have been using pressure gauges and
scales, inputting control signals, recording information, and evaluating the information
to compare it to some known baseline. They have also been using such tools as thumb-
nails to sense when a valve starts to move and to determine if the valve is moving
smoothly. Although this method has been working for years, it lacks consistency and
might not be accurate enough when working with today’s more complex and more
efficient plant systems.

AOV Data Acquisition Systems are micro-computer-based systems that are specifically
designed to automate AOV data acquisition. They can be used to calibrate AOV compo-
nents and subsystems, verify conformance with design basis, accurately determine
component hysteresis (action lag behind signal input) and stroke time, locally control
the valve for testing, store and retrieve historical performance information, document
post maintenance testing, and be used, if not to specifically diagnose a problem, at least
to pinpoint the area of a problem or eliminate components as the cause of a problem.
The major advantage of Data Acquisition Systems is their ability to record data in a
consistent and accurate manner. Most of these capabilities can significantly reduce
maintenance costs and person hours.

However, not all of the AOV Data Acquisition Systems have all of the capabilities
described in this section, and there are a number of different methods that are used to
obtain and analyze the data acquired. At the present time, the calculation capability, if
available at all, is limited to a few parameters and ultimately leaves the final diagnosis
up to the valve analyst.

6.2 MANUAL CALIBRATION VERSUS DATA ACQUISITION SYSTEM CALIBRATION

Manual calibration of a positioner or an I/P or E/P transducer is a person feeding in a
control signal to the component and adjusting the zero and span on the component
until the desired output is obtained. To do this, the valve technician uses a control
signal input, either electronic or pneumatic; a calibrated pressure gauge; a scale to
determine the full stroke; and, in many cases, the thumbnail to determine when the
valve comes off its seat.

If a Data Acquisition System is used, the system can input the control signal and the
results can be read directly from the system, including a very accurate position indica-
tion. The zero and span still have to be manually adjusted, but now the control signal
can be dialed in and the output read from the Data Acquisition System. After the de-
sired results are obtained, the Data Acquisition System can be used to supply a dynamic
signal to the component, record the data, and use that data to determine how the valve
calibration looks under dynamic conditions.
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6.3 DATA ACQUISITION SYSTEM OPERATION

This guide provides technical descriptions of valves, actuators, I/Ps, and positioners.
Much of the setup associated with these components has, in the past, been done manu-
ally by the valve technician. Conducting a bench set on an actuator or calibrating a
positioner are tasks that, in order to be performed correctly, require little in the way of
additional equipment but require highly trained valve technicians.

With the assistance of an AOV Data Acquisition System, the job can be done more
quickly, more accurately, and with repeatability, while providing information concern-
ing other aspects of the valve’s operation. AOV Data Acquisition Systems measure
parameters from the valve and actuator and use a computer program to assist the
system operator in analyzing this data, ultimately providing additional insight into the
valve’s performance.

6.3.1 Parameters To Be Measured

Figures 6-1 and 6-2 show a typical control valve and an on-off or isolation valve, respec-
tively, with various parameters labeled. Key parameters that are dynamically measured
are described below.

I/P
INPUT

I/P
OUTPUT

POSITIONER
OUTPUT

I/P POSITIONER VOLUME
BOOSTER

REG.

REGULATED
SUPPLY

SUPPLY
PRESSURE

ACTUATOR
PRESSURE

VALVE
STEM
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REG.

Figure 6-1
Typical Control Valve’s Measured Parameters
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REGULATED
SUPPLYSUPPLY

SOV

ACTUATOR
PRESSURE

VALVE
STEM

POSITION

Regulator

Figure 6-2
Typical On-Off or Isolation Valve Measured Parameters

Supply Air Pressure: The supply air is the working medium to control the valve’s
position. Depending on the valve requirements, both the supply pressure and the capa-
bility of the system to supply a sufficient volume of air are critical to ensure proper
operation of the valve. The supply pressure can either be straight from the compressed
air system or regulated to protect some of the valve’s components. If the air supply is
regulated, the term then is regulated air pressure. Typically, only the regulated air supply
is measured unless there is a suspected problem with the regulator or the upstream
piping, in which case both parameters might be measured to confirm the problem.

This parameter is measured during the whole valve stroke to ensure that pressure is
maintained. Air line restrictions would indicate normal pressure during steady state
conditions, but when a demand is placed on the supply, system pressure would drop,
depending on the load. This can affect valve stroking time.

Control Signal: The control signal can be either a pneumatic or an electrical signal.
These signals are measured and/or controlled by the Data Acquisition System. The
control signal is the required position requested by the controller.

For clarification, a current signal is designated with an “I” while a voltage signal is
designated with an “E.” For example, a current-to-pneumatic transducer is either called
an I/P transducer or simply an I/P, and a voltage-to-pneumatic transducer, one receiv-
ing a 0 to 10 volt signal, is called an E/P transducer or simply an E/P.

The control signal is typically controlled by the Data Acquisition System to allow a fully
controlled stroke of the valve. This allows verification of the valve’s operation with a
known controlling signal. The control signal is typically input into the I/P (I/P Input)
or the positioner (Positioner Input).
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Actuator Pressure: The positioner or solenoid provides a pressure/volume of air to the
actuator, depending on the demand requirements of the system. By comparing the
actuator pressure with the positioner output, actuator problems such as diaphragm or
seal leaks can be detected. The actuator pressure enables the valve analyst to calculate
stem forces, and when compared to stem position, the spring rate can also be calculated.

Valve Stem Position: This parameter is typically measured with a linear variable differ-
ential transformer (LVDT), a laser, or a linear potentiometer (sometimes called a string
pot). Stem position provides positive verification that the valve is moving with the
applied pressure from the positioner. The valve’s total stroke time can also be deter-
mined from this measurement.

Other parameters that can be measured to determine AOV information are:

Strain: In the stem or yoke, stress can be used to obtain the valve body internal forces,
such as the packing friction and seating force. This measurement can be used to differenti-
ate actuator forces from valve forces or actuator problems from valve internal problems.

Solenoid-Operated Valve (SOV) Activation: Using current, voltage or induction mea-
surement methods, the exact time that an SOV was activated might be useful in determin-
ing stroke timing, a sticky SOV, or a pilot that is not transferring (shuttling) completely.

Auxiliary Pneumatic Components: Measuring the input and output of auxiliary com-
ponents, such as volume boosters or lock-up valves, can be useful in determining the
component’s health or its effect on the valve’s operation.

Some of the AOV Data Acquisition Systems have the capability of measuring a wide
range of other parameters that might be useful in determining a system-related problem
rather than a pure valve problem. For example, system pressure or flow might be useful
in determining if the system, and not the valve, is causing the problem.

6.3.2 Testing Sequence

A typical testing sequence might be as follows:

6.3.2.1 Step Open and Step Closed Test

This would be used to determine the stroke time of the valve and which components
restrict the valve’s movement. For example, if the air pressure upstream of the
positioner drops significantly, this would be an indication that the upstream supply
components, such as tubing, piping, or a regulator, were creating some type of restric-
tion. These are referred to as “Step” tests, rather than “Quick Open” or “Quick Closed”
tests, to distinguish them from the safety function that some valves have to perform.
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6.3.2.2 Slow Ramp Test

Typically, a slow ramp is a ramp from full closed to full open, and includes a return to
the full closed position. The timing of these excursions is typically three to ten times the
maximum length of time that it took the valve to either open or close in the Step Open
and Step Closed Test above. For example, if it took a valve seven seconds to go from its
closed position to its open position in the Step Open and Step Closed Test, the ramp
time in each direction should be anywhere from 21 to 70 seconds.

3 * 7 seconds  =  21 seconds (Shorter Ramp)

10 * 7 seconds  = 70 seconds (Longer Ramp)

Both are part of the Slow Ramp Test.

The purpose of the slow ramp is to allow the valve to approach its steady state condi-
tion as it is moving along dynamically. It also eliminates or greatly reduces pressure
drops and venturi effects in the air tubing and test Tees, thus enabling accurate pressure
readings. The shorter ramp works out very well strictly for isolation valves. In control
valves, the  longer ramps are necessary to obtain good data about the positioner. For
valves with high capacity positioners, volume boosters, or large actuators, these times
might not be long enough to reach the “steady state” point.  The objective is to run the
fastest ramp rate that will provide a dynamic error trace that can be duplicated in
slower ramp tests.

Another technique used during the slow ramp is to over-range the input control signal
to make sure that the valve gets to both end points. For example, if the valve is normally
driven with a 4 to 20 mA signal, a 2 to 22 mA signal or a 3 to 21 mA signal would be
sent to the positioner or I/P, so if the valve was not calibrated, the end points would
still be reached. It is important to get to the end points to obtain more accurate informa-
tion and to determine if the valve is truly seating or back seating.

6.4 GRAPHICAL ANALYSIS

With the above parameters recorded and the above tests run, the data can be used to
separate specific components and/or attributes of the valve assembly. This separation is
probably the most valuable outcome of the Data Acquisition Systems. Because of this,
the I/P, the positioner, or the mechanics of the valve and actuator assembly can be
looked at as separate and distinct components. With one set of tests, a problem with the
I/P can be isolated, and it can be determined that neither the positioner nor the valve
mechanics are a part of the problem. The following table provides an overview of what
test to run and what parameters to review to obtain specific information about the valve
and components.
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Table 6-1
Overview of Graphic Analysis

Type of Test Diagnostic Information Type of Plot Suggested Parameters to Plot

Step Open
and

Step Closed

Overall Valve
Response

Component
Response

Time vs. Controls Signal Input
& Stroke

I/P or E/P Response Time vs. I/P Input & Output

Positioner Response Time vs. Positioner Input & Stroke

Air Leakage/Losses Time vs. Air Pressure

Adequate Air Supply Time vs. Supply or Regulated Air Pressure

Slow
Ramp

Overall Calibration (Zero,
Span, Dynamic Hysteresis
plus Dead Band and Linearity)

Overall
Calibration

Input Signal vs. Stroke

I/P or E/P Calibration (Zero,
Span, Dynamic Hysteresis
plus Dead Band and Linearity)

Transducer
Calibration

Input Signal vs. Transducer Output
Pressure

Positioner Calibration (Zero,
Span, Dynamic Hysteresis
plus Dead Band and Linearity)

Positioner
Calibration

Input Signal to the Positioner vs. Stroke

Total Friction Mechanical
Properties

Stroke vs. Actuator Pressure or Force

Spring Rate

Approximate Bench Set

Seat Load

Margin to Open

Spring Linearity

Actuator and Valve
Friction

Stroke vs. Actuator Pressure Force and
Stem or Yoke Strain Force

6.4.1 Evaluation from Step Open and Step Closed Testing

Looking at each parameter versus time during the Step Open and Step Closed Test
indicates if the supply or regulated air pressure is being restricted, or if the positioner,
SOV, or volume booster could be a problem with slow valve response. This plot might
also reveal mechanical problems such as a plug sticking in its seat, or jerky stem move-
ment. Whatever the problem is with regard to slow valve response, this plot can either
eliminate components, point to a component, or indicate that a component needs fur-
ther investigation. A typical graphic representation of a Step Open and Step Closed Test
is presented in Figure 6-3.

In this air-to-close valve, the time to open, as measured from the time the control signal
started to decrease, was 55.5 seconds. As can be seen further along on the figure, it took
6.5 seconds to close. It can also be observed that the supply pressure dropped only
about 5 pounds during the highest demand period.
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Time in Seconds

Figure 6-3
Overall Valve and Component Responsiveness

The response rate of an I/P transducer (how fast the output pressure responds to a step
change in the input signal) can also be evaluated during the Step Open and Step Closed
Test. When compared to a properly operating I/P, a slow responding increasing pres-
sure output might indicate a problem in the I/P or might indicate a leaking air line. A
typical I/P response to an increasing input signal is presented in Figure 6-3A, while
Figure 6-3B presents the decreasing. The overall response time for the I/P to reach the 3
psig output signal is 0.62 seconds from the time the input signal first starts to decrease.
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Time in Seconds

Figure 6-3A
I/P Response to Increasing Signal

Time in Seconds

Figure 6-3B
I/P Response to Decreasing Signal
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6.4.2 Evaluation from Slow Ramp Testing

From the Slow Ramp Testing, two cross plots can provide all the significant information
to evaluate either the valve’s mechanical properties or the calibration of the compo-
nents. These plots are described in the section that follows.

6.4.2.1 Mechanical Properties of the Valve and Actuator

Plotting the actuator pressure or differential pressure (across a double-acting actuator)
versus the valve stroke provides all the mechanical attributes of the valve and actuator
assembly. This plot uses the data obtained during the Slow Ramp Test.
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Figure 6-4
Mechanical Properties of a Valve

NOTE: The parameters bench set, spring rate, and spring linearity are only relative to
spring-assisted valves.

When the valve is stroked from fully closed to fully open and back to fully closed, the
plot of valve position versus actuator pressure might look like Figure 6-4. The valve
starts from a fully closed position (a). Actuator pressure increases, the seat load (pro-
vided by the spring) and valve friction are overcome before the valve begins to move
(b). The pressure continues to increase and the stem then moves in the opening direc-
tion in a linear fashion, as the spring is compressed, until the valve contacts the stop or
back seat (c). Additional loading goes into the stop until the maximum actuator pres-
sure is reached (d), Margin to Open.

On the return stroke, the actuator pressure starts decreasing until the spring overcomes
the actuator pressure and valve friction and the valve starts moving in the closed
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direction (e). The  pressure continues to decrease, and the valve continues to move until
it is fully closed again (f). As pressure continues to bleed off, the potential energy in the
spring is transferred to seat loading (a).

From this plot, the following information can be calculated:

Approximate Bench Set: There is an in-depth discussion in Section 4.4.5.5 on bench set.
In general, it is the pressure at which the actuator (in an uncoupled condition) starts to
move and the pressure at which it reaches the specified stroke or stop, that is, 3 psig to
15 psig. The accepted method of determining bench set is with the actuator on the
bench, not attached to the valve body, without external forces or friction such as pack-
ing friction or fluid forces. Because most of the testing utilizing the Data Acquisition
System will be done (and is recommended to be done) with the valve body attached to
the actuator and with valve friction, the term used here is approximate bench set. The
differences between approximate bench set and bench set are typically caused by:

• The setup of the valve where the spring might be compressed a little more before the
stems are coupled together

• The weight of the valve plug assembly

• Abnormalities within the valve stroke, that is, stem alignment, stem wear, or bent
stem

• Packing that might cause more friction in one stroke direction than the other

Although the absolute values might be different between the approximate bench set
and the bench set, the range should be the same. For example, the bench set might be 3
psig to 15 psig (a range of 12 psig), and the approximate bench set might be 4.5 psig to
16.5 psig (still a range of 12 psig).

The method of calculating the approximate bench set is to average the opening actuator
pressure with the closing actuator pressure at the start of the stroke and the end of the
stroke.

For example, to calculate the approximate bench set, using the information shown in
Figure 6-4:

The average of the pressures at start of the stroke (b) and (f)

(7 psig + 3 psig) / 2 = 5 psig

The average of the pressures at end of the stroke (c) and (e)

(29 psig + 25 psig) / 2 = 27 psig

Approximate bench set: 5 psig to 27 psig

The range is: 27 psig - 5 psig = 22 psig

Seat Load: The valve travel curve shows the valve plug contact with the seat (f) on the
closing stroke. Any additional force applied (by the potential in the spring on an air-to-
open valve or by actuator pressure on an air-to-close valve) results in seat load. From
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Figure 6-4, the pressure decreases after the plug contacts the seat at 3 psig and continues
to bleed off to 0.0 psig or a differential pressure of 3 psid. For a 9.5-inch effective diam-
eter actuator, this calculates to a seat load of 212.7 pounds of force.

Effective actuator area  =  (effective diameter ÷ 2)2 π

Effective actuator area = [(9.5 in ÷ 2)2 * (3.1416)] = 70.9 square inches

Differential pressure = ∆P = pressure at valve closing - pressure at final bleed off

Seat load  =  effective actuator area x ∆P

Seat load = [(70.9 in2 ) * (3 psid)]  =  212.7 lbf

It is important to realize that even though the valve stops moving, this does not mean
that the valve plug has contacted the seat. The valve assembly could have contacted a
stop in the actuator rather than the plug contacting the seat. There are a number of ways
to determine if the valve plug is contacting the seat:

• Ensure that the valve-to-actuator-stem hookup procedure is performed correctly.

• In some cases, when the valve mechanical parts are not massive, some distortion of
the yoke and stem can be observed in the plot of stem travel versus the actuator
pressure. This appears to be additional travel after the plug has contacted the seat,
see Figure 6-4A.
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Figure 6-4A
Enlargement Section of Figure 6-2 (Shows Distortion Due to Seating Forces)

• The method that will provide the best assurance that the plug has contacted the seat is
to strain gauge either the stem or the yoke, using some of the tools that are commonly
available in the industry. The output from these strain gauges can be input into some
of the Data Acquisition Systems, thereby recording this information. This equipment
can also be used to distinguish an actuator problem from a valve body problem.
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Margin to Open: The margin to open is the difference between the maximum air pressure
available to the actuator and the pressure at which the valve reaches the full open posi-
tion. In Figure 6-4, the margin to open would be the difference between (c) and (d) or 6
psig. It is also important to realize that the margin to open, with no pressure or flow on
the valve internals under static conditions, is different than with system pressure.

Spring Rate: This is the slope of the actuator pressure versus stroke curve times the
actuator effective area. For example, in Figure 6-4, the spring rate is 520 lbf/in and is
calculated from the curve.

Spring rate  =  effective actuator area x bench set range/stroke

Effective actuator area  =  70.9 square inches

Bench set range =  (27 psig - 5 psig) = 22 psig

Stroke  =  3.0 inches

Spring rate  =  [(70.9 in2 ) * 22 psig / 3.0 in]  =  520 lbf/in

Valve Friction: The total valve friction is one-half the difference of the two operating
curves at a constant stroke times the actuator effective area. Some of the Data Acquisi-
tion Systems can calculate minimum friction, maximum friction, and average friction by
scanning the curve over the full stroke of the valve. While packing friction is typically
the major friction involved, care must be exercised to ensure that the data are not misin-
terpreted. Other friction sources must always be considered, such as actuator seals, plug
seals, or guiding surfaces drag.

The valve friction, in the example Figure 6-4, at the mid-stroke position is:

The opening stroke pressure at 1.5 inches is 18 psig.

The closing stroke pressure at 1.5 inches is 14 psig.

Friction at 1.5 inches: ( 18 psig - 14 psig) / 2 * (70.9 in2 )  =  141.8 lbf

Valve Stroke: The valve stroke can be directly determined from Figure 6-4 or from the
data as being 3.0 inches.

6.4.2.2 Calibration of the Controlling Components

When the input and output parameters are recorded for each of the controlling compo-
nents (I/P or E/P, positioner, volume booster), then the characteristics of that compo-
nent can be determined and analyzed.

NOTE:  It is very important to recognize the correct input and output parameters for a spe-
cific component.
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The input is the control signal and the output is whatever element the component is
controlling. For example; the input to an I/P is the milliampere control signal and the
output is the pressure signal going to the next component. The positioner may have a
pneumatic, voltage, or milliampere input control signal, but the output of the positioner
is the position of the valve, it is not the actuator pressure. The actuator pressure is the
medium or the force that the positioner uses to control the valve’s position.

There are two common controlling components that are related to control valves. They
are the I/P (or E/P) and the positioner. Each of these components has similar adjust-
ments and characteristics. Each of them has a zero and a span adjustment, and each has
inherent characteristics (typically supplied by the OEM on a specification sheet) that
define whether the component is doing its job properly for the particular application.
Some of these inherent characteristics are:

• Dead band

• Hysteresis

• Linearity

The definition of these terms is presented in Method of Evaluating the Performance of
Positioners with Analog Input Signals and Pneumatic Output, published by the Instrument
Society of America.

By having the AOV Data Acquisition System measuring the input and output of a
component, the following information can be evaluated:

• The zero

• The span

• Dynamic hysteresis plus dead band, also dubbed dynamic error

• Linearity

The word dynamic in the terms dynamic hysteresis plus dead band or dynamic error is
used because the data is recorded under dynamic conditions. The Data Acquisition
System is continually changing the input signal over time and does not allow the valve
to stabilize at any given point. The ISA Standard S75.13, which defines the method for
obtaining the parameter hysteresis plus dead band, requires that “…the input shall be
held steady until the device under test becomes stabilized at its apparent final value.”  If
the AOV Data Acquisition System is controlling the valve properly (longer ramp), the
dynamic hysteresis plus dead band recorded should be at least equal to, but can be
slightly greater than, that recorded using the ISA method.

Therefore, in some cases, this information can be compared to the  manufacturer’s
specification value, but in most cases, because the data is collected under dynamic
conditions, it is prudent to compare the results to a known, acceptable baseline test that
was conducted under similar conditions.

The following are examples of plots and methods used to obtain or calculate some of
this information.
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6.4.2.2.1 Transducers
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Figure 6-5
Typical Calibration of I/P Transducer

NOTE: The dynamic hysteresis plus dead band in the above curve is greatly exaggerated to
show what is happening. In most cases a transducer has a dynamic hysteresis plus dead
band of less than 1%.

During a normal ramp test, the input signal starts out at a minimum signal (a). As the
control signal increases, the output, because of inherent factors, does not start to in-
crease until point (b). From (b) to (c), the output follows the input in a linear fashion. As
the input signal starts to decrease (c), the output again lags until point (d) and follows
the input signal returning to point (a).

Key information that is measured or calculated is described below:

Zero: The minimum calibration signal (zero) is obtained by averaging the output signals
in the up and down directions at a constant input signal. In the above example, the
average between the up and down lines as these cross 4 mA is 3 psig.

The readings at 4 mA are:

Increasing — 2.64 psig

Decreasing — 3.36 psig

The average reading is: (3.36 psig + 2.64 psig) / 2 = 3.0 psig = Zero

Span: The span is the range of the output of the instrument between the minimum and
the maximum input signal. For a 3 to 15 psig output transducer, the span (or range)
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should be 12 psig, and if the zero is set at 3 psig, the maximum value should be 15 psig.
So to determine the span, the average values, at the 20 mA and 4 mA input values, are
subtracted from each other. In this case, the value would be 15 minus 3 or 12 psig. It is
common to refer to the zero and span as being 3 psig and 15 psig, respectively, ignoring
the fact that they should be subtracted to get the span.

The readings at 20 mA are:

Increasing — 14.64 psig

Decreasing — 15.36 psig

The average reading is: (14.64 psig + 15.36 psig) / 2 = 15.0 psig

Therefore, the span = (15.0 psig - 3.0 psig) = 12 psig

Hysteresis Plus Dead Band: This information is obtained anywhere along the curve at a
constant input control signal. The difference between the output signal while increasing
and the output signal while decreasing at a given input is normally divided by the
complete range of the output to obtain a value that is in percent. For example;

At 12 mA, input control signal

Increasing signal — 8.64 psig

Decreasing signal — 9.36 psig

( 9.36 psig - 8.64 psig ) = 0.72 psig

The span or range is 12.0 psig, therefore

0.72 psig/12.0 psig * 100 (to obtain percent) = 6.0% dynamic error

Calculating a number of samples along the length of the curve provides minimum,
maximum, and average values for dynamic hysteresis plus dead band.

Linearity: Linearity is used to determine how well an instrument’s output follows the
input control signal. By setting the zero and span adjustments, it is already known that
the instrument is calibrated at these points; what is not known is whether the output
follows the input between these points. The linearity of an instrument has, in the past,
been evaluated using the three- or five-point calibration check, so this is not really some-
thing new.

Using the AOV Data Acquisition System there are a number of ways to evaluate the
linearity of the instrument:

• Three- or Five-Point Calibration Method — The evaluator would go in at the three
or five points and obtain the average output values (up and down) at those points
and determine if they fall within the plant’s predetermined margins.

• Independent Straight Line Method — A best fit straight line is calculated through
the data, and the average of the data obtained from the Data Acquisition System is
then compared to the value of the best fit straight line at a constant input. The maxi-
mum error is then compared to an acceptance criterion to determine whether the
instrument is acceptable.
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• Terminal-Based Straight Line Method — This is the same method as the indepen-
dent straight line method, except that the points obtained for the zero and the span
are used as the end points of the straight line.
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Figure 6-5A
I/P Calibration with Linearity Considerations

Visual Method: Although this method is open to interpretation and there are no nu-
meric results entered into the calibration sheet, this method works well as a quick
evaluation. The technician simply looks at the plot of input versus the output and
compares it to a straight line. In most cases, a bad instrument is obviously bad and can
be rejected based on a visual inspection.

6.4.2.2.2 Positioners

As in the case of the I/P, the positioner can be looked at as a separate entity. The input
signal to the positioner is either an electronic or pneumatic signal, initiated from either a
controller or I/P, and the output is the valve’s position. Figure 6-6 shows the calibration
of a typical positioner.
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Figure 6-6
Calibration of Valve Positioner

The typical ramp starts out at a minimum signal (a) and increases to the point when the
valve starts to move (b). The output travel follows the input signal in a linear fashion
until the valve plug or actuator contacts the open stop (c). From this point, the signal
continues to increase without any change in the valve’s position until point (d) is
reached. When the input signal starts to decrease, it continues until it reaches point (e),
at which point the valve starts to close. The valve follows the signal down until the
valve plug contacts the seat (f). Again, the signal continues to decrease until point (a) is
reached, without any valve movement.

Most of the same terms and methods of calculation are used; that is, zero, span, dy-
namic Hysteresis plus dead band, and linearity are all used for the positioner just as
they were for the I/P. But because of the presence of a mechanical feedback loop and
other mechanical parts, errors in both magnitude and shape of the hysteresis and linear-
ity are generally greater. Again, the numbers obtained from the data acquisition testing
might have to be compared to an acceptable baseline rather than to manufacturer’s
specifications. Some additional items that might be of interest are:

What is the value at 15 psig (full open signal)?  =  3.0 inches

(This was obtained on the opening stroke when the valve position crossed the 15
psig input signal)

What is the full open position?  =  3.1 inches

(The maximum position that the valve reaches (c), might be greater than the
position that is reached at the 15 psig signal)

What is the input signal when the valve reaches the closed position?  =  3.0 psig

(The signal just as the valve reaches its closed position on the down stroke (f))
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What is the value at 3 psig (full closed signal)?  =  0.0 inches

(On the down stroke, what is the valve is position as it crosses the 3 psig input
signal)

The method of calibrating a positioner is important when a control valve must do a
specific function within the system. The following are some examples:

• The highest accuracy is obtained from a positioner when it uses its full design span
over the full flow span of the valve. In this case, the positioner’s zero should be set at
the exact opening of the valve stroke and the span set at the full flow position of the
valve.

• In some cases, a valve must be closed when the control signal reads its minimum
value; for example, given a 3 psig signal, the full seat load must be developed to
provide isolation. In this case, the valve should be set to close at some value above
the zero point (consider the dynamic error).

• Valves that must open or close quickly to meet some time requirement would be
better set up to have a minimum seat load or back seat load, or no seat load or back
seat load. These valves should be set up so that the valve plug is just off its seat, or
back seat, at the zero or span signal so that the valve does not develop its seating, or
back seating, load.

As can be seen, there are many things that should be considered before the positioner
on a control valve is set up.

6.4.2.2.3 Overall Calibration

Another calibration plot that is more informative and practical in the field, when the
valve has both an I/P (or an E/P) and a positioner, is the overall valve calibration. This
plot would look the same as Figure 6-4 except that it combines both an I/P (or E/P) and
a pneumatic positioner and looks at them both as a “black box.”  This plot would pro-
vide an overall picture of how the transducer and positioner function together to pro-
vide the output, which is the valve’s position.

When calibrating these two instruments, it is recommended to begin with the I/P (or E/
P), because it is both easier to calibrate and more accurate. After the transducer is cali-
brated, it is recommended that, while using the same electronic control signal to the
transducer, the positioner be calibrated.

Using these methods to evaluate a valve, most common valve problems can be quickly
recognized by the trained valve technician. When more complex problems are sus-
pected, further analysis must be performed to determine the underlying problem.

The normal test time for a valve is less than 30 minutes—15 minutes to set up, 5 minutes
to do two or three test strokes, and 10 minutes to disconnect. This does not include the
time to obtain permission, write the procedures, or get the equipment to the valve. A
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quick review of the data analysis can be accomplished at the valve. A more detailed
review of the collected data can be performed at a later time.

The installation of quick disconnects at the valve location can provide additional sav-
ings in labor. If this is to be accomplished, a generic procedure can be submitted to
engineering for approval, possibly allowing installation in conjunction with normal
valve repairs or maintenance. An example of a generic procedure to install quick dis-
connects and where to locate them is provided in Appendix C.

It should be noted that quick disconnects for safety-related valves might have to be
addressed independently.

6.5 PLANT SYSTEM APPLICATION

There are many other possible applications where the AOV Data Acquisition Systems
can be used.

In most cases, when there is a problem with a system, The Valve gets the attention, and
in at least 90% of the cases, it deserves the attention. But in the other 10%, how do you
prove or disprove the valve’s involvement in the problem?  By monitoring both the
control signal going to the valve, and the valve’s stroke while the problem is occurring,
in most cases the problem can easily be determined as either occurring upstream of the
valve or being caused by the valve. With quick disconnects on the pneumatic instru-
ment control signal, this evaluation can be accomplished easily and safely. Planning is
required to monitor an electronic control signal without interrupting it.

The opportunities to collect data and diagnose plant system problems are endless, yet
they should be addressed only by someone who is familiar with the Data Acquisition
System and the plant operation or problem that is causing the concern.

In other possible applications, the diagnostic system can be used to loop check a system,
for example, one in which a level transmitter provides a signal to a controller to main-
tain a level within a specified range. The level controller sends a signal to the positioner
that controls the valve that controls the input or output of the system to maintain the
level. In this case, the Data Acquisition System could be used to send the initial level
signal to the controller while monitoring the valve’s response to that signal.

6.6 OUTAGE PLANNING

AOV Data Acquisition Systems can non-intrusively and relatively quickly determine
the mechanical and control condition of the valve and actuator. By testing key valves at
the beginning of an outage, maintenance efforts can be focused on the valves with the
critical problems, while “good” valves can be left for a future outage or as time allows.
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6.7 PREDICTIVE MAINTENANCE

Proper use of an AOV Data Acquisition System can provide assessment of the control
component condition and indication of elastomer degradation. This information can be
used to determine the current equipment condition and, when compared with historical
records, predict its remaining useful life. Discovering substandard valve operation or
conditions before failure can save substantial maintenance time and expense.

6.8 DATA ACQUISITION SYSTEM BENEFITS

6.8.1 Reduced Maintenance Expense
• Testing can help prioritize repairs, reducing workload.

• Testing can isolate the components on a valve that really need repair, rather than
repairing the whole valve.

• Testing done in advance of an outage can help improve outage planning and reduce
emergency parts stock.

• Testing can help eliminate or pinpoint the control valve as a potential cause of a loop
problem signaled by operations.

• Long term analysis and documentation can help determine root causes and point to
permanent solutions. Problems will decrease over time.

6.8.2 Reduced Downtime
• Regular use will improve setup and operation, so that on-line problems should

decrease.

• Trending permits the use of preventive and predictive maintenance techniques,
further reducing on-line problems.

6.8.3 Improved Process Efficiency
• Correct seat load and packing friction reduces the potential for leaks.

• Verifying correct valve operation facilitates loop tuning.

• Analysis of valve response permits physical modifications to the valve and air sup-
ply to better match the response to the process requirements.

• Elimination of sticking and jumping permits better tracking of the input signal.

6.8.4 Improved Safety
• Fewer leaks mean lower exposure.

• Better control means safer shutdowns.
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6.8.5 Improved Training

Using the system in conjunction with a training program permits easy visualization of
such things as bench set and packing friction and helps improve overall maintenance
performance.

6.8.6 General Benefits

When used as a calibration device, the proper setup and calibration are ensured. A
printout of this information provides documentation of this setup.
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7
DIAPHRAGMS

7.1 INTRODUCTION AND BACKGROUND

One of the most critical and more sensitive components of an air-operated valve (AOV)
is the diaphragm. This provides the seal that allows a successful actuation by overcom-
ing the spring pressure that is used to return the valve to its “safe” position. Since the
diaphragms are pressurized either during service or when the valve is cycled, flaws,
surface damage, or internal defects within the diaphragm can lead to a significant
rupture and/or leakage without warning. A number of diaphragm-related failures have
been reported, and these events have often led to costly shut-downs.

This chapter has been designed to provide guidance for selecting, installing, maintain-
ing, and assessing the initial condition of AOV diaphragms. Other soft parts in the
valve are addressed because many of the issues are similar for O-rings, gaskets, and
stem seals, for example. A review of common causes of failure and basic failure analysis
techniques has also been provided.

AOV diaphragms feature a raised center section with a flat flange edge. Figure 7-1
provides a basis for uniform terminology when different areas are referred to in this
document. The overall diameter of typical diaphragms ranges from 6 inches to more
than 18 inches. The flange edge is commonly 1-inch wide and the center hole is approxi-
mately 0.75-inch diameter. In practice, the perimeter seal is established by compression
of the flanges using a bolted housing. The center is sealed by use of a compression seal
against flat support plates on both faces of the diaphragm.
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Figure 7-1
Cross-Section of Representative AOV Diaphragm, with Component Areas Identified

(Not Prepared to Scale)

It should be noted for nuclear plant applications that safety-related valves are environ-
mentally qualified (EQ), but the diaphragm is a non-EQ part. The diaphragms have
instead been commercially qualified; so no EQ profiles have been generated. Therefore,
this chapter will not refer to any EQ data files or information but will rely on informa-
tion from direct analysis of diaphragms from failure analysis studies, evaluation of non-
aged diaphragms, technical literature, manufacturer’s data from polymer suppliers, and
fundamental aspects of polymer science.

7.2 DIAPHRAGM SELECTION

Few vendors supply diaphragms specifically for AOV applications, but the designs
follow the same basic concepts. Although the choices are limited, this section provides
background engineering and technical information regarding the best available materi-
als options for particular environments. Typical diaphragm constructions involve a
molded rubber portion reinforced with a woven fabric. The fibers are either attached to
the rubber on one side only (less typical) or are molded between two layers of rubber
(majority). The latter is the default case in this document.

There are various manufacturing steps that are critical to the successful production of
an AOV diaphragm. The rubber compound must be developed with suitable materials
and a good mixing process, the rubber and fibers must be molded into a uniform and
defect-free composite, and the rubber must be crosslinked (cured) to ensure that the
diaphragm will retain its as-molded shape and will be durable enough for its service
environment over the long term. These processes are briefly described in this section to
provide a better understanding of the importance of these issues as they relate to AOV
diaphragm performance.

7.2.1 Compounding

Many of the trade names for polymers, such as Buna-N™ and Neoprene™, along with
the silicone rubber group, refer to families of polymer products rather than a specific
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item. These names apply to the base resin in a polymer compound that can be tailor
made for specific applications. Neoprene, for example, is a trademark of DuPont and
refers to a family of chlorinated polyethylene base resins that can be compounded for a
variety of applications. Engine mounts, foam mattresses, conveyor belts, adhesive
coatings, and flexible hoses are among the applications suggested in DuPont’s market-
ing literature for this material. The base resin provides a continuous phase in which the
other ingredients are mixed and gives the basic characteristics of the elastomer such as
tensile strength, flexibility, and chemical properties. The base resin of choice is mixed
with other materials to improve its processing characteristics and final engineering
properties. This mixture is known as a compound, but it is often generically referred to
somewhat erroneously by the name of the base resin.

Compounds frequently contain mineral reinforcements, flame retardants, antioxidants,
processing aids, crosslinking initiators, moisture inhibitors, and others depending on
the final requirements for the part. Differences in formulation can significantly affect the
performance and aging characteristics of the final compound. Unfortunately, there is no
standard nomenclature for advertising these differences, unlike metals, which use a
standardized numbering system to distinguish different alloys and heat treatments.
These differences are seldom labeled and lot-to-lot variations from the same manufac-
turer are not uncommon.

No methods are readily available to distinguish these differences when new dia-
phragms arrive from the manufacturer, short of simple screening tests for overt varia-
tions and detailed chemical analyses for more subtle differences. It is recommended that
all parts be inspected to ensure that certain minimum requirements are met to reduce
the potential for future inservice problems. This is addressed in Section 7.5.

It is also important to avoid using manufacturer’s data sheets or other generic data to
define the properties of a polymer that has been compounded because this can be mis-
leading. Figure 7-2 shows two typical Buna-N formulations. The base resin for both com-
pounds in Figure 7-2 is identical, but the performance characteristics are quite different
due to the filler and additive packages. When specified on the basis of nominal Buna-N
rubber and a target durometer hardness alone, the compounds would be “identical.”
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FORMULATION 1

100 parts elastometer resin (Buna 345)

60 parts magnesium silicate (talc)

20 parts silica

6.5 parts redolox 145 peroxide

1 part stearic acid

PROPERTIES

TENSILE: 2500 PSI

ELONGATION: 240%

DUROMETER: 70

CLASSIFICATION: BUNA

PERFORMANCE

EXCELLENT RELEASE

HIGH MOISTURE SENSITIVITY

LOW OIL STABILITY

HIGH SURFACE TACK AFTER HEATING

POOR FLEXURAL RESISTANCE

POOR THERMAL STABILITY

FORMULATION 2

100 parts elastometer resin (Buna 345)

30 parts kaolin alumino-silicate

5 parts zinc oxide

2 parts lead monoxide

5 parts dicumyl peroxide

2 parts antioxidant

PROPERTIES

TENSILE: 3500 PSI

ELONGATION: 400%

DUROMETER: 70

CLASSIFICATION: BUNA

PERFORMANCE

GOOD RELEASE

HIGH MOISTURE RESISTANCE

GOOD OIL STABILITY

LOW SURFACE TACK AFTER HEATING

HIGH FLEXURAL RESISTANCE

HIGH THERMAL STABILITY

Figure 7-2
Comparison of Buna-N Formulations (Concentrations in PHR Resin)

The quantity and type of additives in compounds vary by application. One organic mate-
rial that is always present in some form is an antioxidant. Antioxidants are typically
hindered phenolic compounds that protect the base resin from thermal exposure (oxida-
tion) during processing. This additive also provides limited protection from thermal
degradation inservice, although in most cases the antioxidant is consumed during the
cure cycle and is effective only at very high temperatures. It is used in very small quanti-
ties, such as 0.5% or less of the total weight of the compound, but it is essential to protect
the resin from scorching, oxidation, and other thermally related processing damage. The
process of curing (crosslinking) a rubber requires that it be heated to 175ºC, which is well
above the level required for oxidation of an unprotected polymer.
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Rubber compounds are formulated using the polymer as the basis for the relative
weights of the other components. If, for example, a batch of compound contains 5 lbs. of
rubber resin and 5 lbs. of clay, the concentration of clay is 100 “phr” or 100 parts-per-
hundred resin, on a weight basis. This is a standard practice that dates back to the
earliest days of rubber compounding.

Plasticizers are ring-structured compounds, such as dioctyl phthalate, that improve the
processing characteristics of the compound and promote flexibility. This material is
added to compounds in small quantities for applications similar to AOV diaphragms,
but can be a major additive if extreme flexibility is required for applications such as
flexible tubing. It should be cautioned that plasticizers are often not fully stable in the
compound and sometimes migrate at elevated temperatures. They are also quite polar
by design, which is part of what makes them successful in their intended compound,
but allows them to cause significant damage to rubbers and plastics if they migrate to
other components. Plasticizer exposure can cause extreme swelling or induce unwanted
adhesion in a wide range of rubbery materials. Plasticizers and other additives, such as
stearic acid, also offer internal lubrication to the compound during processing and to
the final part inservice.

Stabilizers are sometimes added to improve the performance of the compound. Zinc
oxide and lead tetraoxide are common thermal stabilizers. Lead compounds have the
added advantage of reducing swelling when the rubber is exposed to liquid water or
water vapor for prolonged periods. Carbon black and benzene ring compounds are
used as ultraviolet (UV) stabilizers to protect parts that will be exposed to sunlight and/
or other UV sources. Carbon black also adds to the mechanical strength of rubber com-
pounds, as evidenced in its huge volume application for automotive tires. Insulator
materials often contain voltage stabilizers such as metal complexes, non-ionic surfac-
tants, and polar compounds.

Although this it is not a critical concern for AOV diaphragms, many polymeric compo-
nents in power plants must meet certain flammability requirements. Flame retardants
are often added to these compounds to improve their flame-suppression characteristics
and to reduce the toxicity of the smoke in some cases. Some of these additives work
synergistically with other materials, such as an antimony trioxide/halogen combina-
tion. Others, such as alumina trihydrate, hydrated phosphates, or zinc borate, work
alone. These are added in varying amounts, depending on the compound and flamma-
bility requirements.

Mineral reinforcements, such as kaolin, silica, alumina, and talc, are added to the com-
pound to reduce the unit cost and improve mechanical properties. These are often
referred to as “filler” materials. The fillers are traditionally added in quantities of 20 to
50 weight percent of the total compound. If properly selected, these materials will
enhance the mechanical properties such as creep resistance, tensile strength, hardness,
resistance to permanent set, and compression strength. The filler materials vary by
moisture content, particle morphology, particle size, purity, and incorporation of a
chemical coupling agent. Their morphology can significantly affect a component with a
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critical sealing function because a large particle with sharp edges tends to pull from the
matrix and prevents a continuous sealing surface.

Other processing aids such as waxes, oils, and mold release agents are often used in
small concentrations, depending on the application. Due to solubility limitations, these
materials have a propensity to migrate to the surface of the component during service
and form a chalky or waxy film. This film does not present any immediate problems in
an AOV diaphragm application and can often serve as an indication of thermal aging.
These materials can also act as a source of internal lubrication for the finished part. In
their absence, an increase in hardness would be expected. This indicates one reason
why a change in hardness cannot be interpreted as direct evidence of oxidative aging.

The raw materials selected for a specific compound can be mixed in a number of different
machines, depending on the desired characteristics and materials to be blended. A com-
mon example is an in-line kneader. This machine uses different hoppers that feed into a
heated single-screw mixing barrel. This is typically interfaced with a second extruder that
provides the compound in pellet or strip form. The materials are fed in a specific order to
promote the best mixing possible. The base resin, for example, would be in the first hop-
per. After the material has been thoroughly mixed in the screw extruder, it is fed through
a screen pack to prevent the entrapment of debris or non-mixed materials. The compound
is then run through a pelletizer to provide pellets for later applications or, in some cases, it
is fed directly into a mold or other fitting to make a final part.

More commonly for rubber compounds, an internal mixer is used. This machine mixes
rubber and its additives between two counter-rotating, intermeshing kneading screws.
The machine is externally heated to melt the materials, then cooling is provided to
prevent overheating due to high internal friction forces. With an internal mixer, all
ingredients are added as a batch and this batch maintains its identity through the mold-
ing of the final product. Internal mixers are made by a number of companies. The tech-
nology is typically identified by the originator, Banbury, though other similar mixers
are made by Farrell, Davis Standard, and others. Mixing technologies are illustrated in
Figures 7-3 through 7-5.

Rubber compounds are typically run through a second mixing operation, known as
calendaring or “milling.” This step achieves thorough long-range mixing and homogeni-
zation of the compound by compressing it many times through a heated two-roll mill.
This produces sheets of highly uniform compound, which is then ready for molding.
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CONTINUOUS PROCESS

base polymer(s) additives
additives

compound travel

continuous batch of compound mixed,
passed to extruder for molding or

extrusion

screw extruder

screen pack

mold,
die

Buss kneader

Figure 7-3
Block Diagram of In-Line Kneader Type Mixer for Preparing Elastomeric Compounds
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BANBURY INTERNAL MIXER
• polymer resin
• added antioxidant
• dried reinforcement
• processing aid (if necessary)

COMPLETE MIXING CYCLE

TWO-ROLL MILL

• complete mixing to uniform dispersion
• add peroxide

PREPARE SHEETS

WATER COOL, THEN PELLETIZE

• packaged, shipped

TO MOLDER

• mixed on basis of time and energy

Figure 7-4
Diagram of Internal Mixer and Its Relationship to the Milling Process
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BATCH PROCESS

base polymer(s) additives

single batch of compound mixed,
passed to mill for additional high
shear mixing, cross-batch mixing

Banbury Mixer

screw extruder

screen pack

mold,
die

Figure 7-5
Illustration of Banbury-Type Internal Mixer

7.2.2 Molding

Diaphragms are typically manufactured through an open cavity molding process. The
rubber is compounded and formed into plugs of a known weight. These plugs are then
placed in a hot press to form large disks, which will become the outer layers of the
diaphragm. The disks are placed on both sides of a piece of the reinforcing fabric. The
three parts are hot pressed again to allow the rubber to bond and flow around the
fibers, depending on the weave construction. In many cases, after the rubber is in place,
the mold temperature is raised to approximately 175ºC at which a crosslinking reaction
of the rubber begins. Crosslinking takes place for approximately 15 minutes, and the
diaphragm is cooled inside the mold for shape retention. Crosslinking is further ad-
dressed in Section 7.2.3. The molding process is illustrated in Figure 7-6.
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STEP 1

STEP 2

STEP 3

Pressure platen

temperature: 130-140˚C

pressure: 5-20 ksi

time: 2-5 minutes

two disks produced, ejected cool

boost temperature to 175˚C

crosslink 15 minutes, chill mold, release pressure

mold cavity
Pressure

rubber plug

Pressure

Pressure
fabric

Install fabric between two non-cured disks

co-mold at 130-140˚C

press to 5-20 ksi

Figure 7-6
Molding of Fabric-Reinforced Components
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Molding of other rubber parts, such as O-rings, gaskets, and seals, would be quite similar
in the overall sense. In most cases, the starting form of the material consists of pellets or
strips of raw compound. These are melted and injected under very high pressure into a
mold. The mold temperature is sufficiently high that crosslinking proceeds.

7.2.3 Crosslinking

The crosslinking reaction is vital to the consistent performance, dimensional stability,
solvent resistance, and compression set resistance of the rubber. Crosslinking limits
polymer deformation by creating short, rigid links between the polymer chains, which
prevents them from sliding past each other when a force is applied, as shown in Figure
7-7. This slippage is what allows the polymer to flow and elongate. Crosslinking also
makes a polymer more resistant to chemical and thermal degradation. Crosslinked
materials cannot be melted; hence, they are called thermoset. Rubber materials and
plastics that can be re-melted and reformed are called thermoplastic.

There are several methods available for initiating a crosslinking reaction. Among the
common choices are:

• Radiation activated with X-rays or electrons

• Thermally induced crosslinking with a peroxide or sulfur catalyst

• Water initiation with a reactive silanol

The most common method for AOV diaphragm rubber crosslinking is thermally-in-
duced curing with a dicumyl peroxide or sulfur process. This method is preferable
because it can be easily incorporated into the molding process and offers a fairly reason-
able degree of control, because the degree of crosslinking is related to the amount of
crosslinking agent in the rubber.

To complete the cure at the desired stage of rubber component manufacturing, the rubber
compound is first prepared, and then the crosslinking agent is typically added to the
compound in its final mixing stages on a two-roll mill. Care must be taken to keep the
compound temperature below that required for crosslinking initiation. When molded into
a final form, the component is heated to approximately 175°C to thermally decompose the
crosslinking agent. When accomplished, this forms reactive chains known as free radicals.
These then react with the polymer chains, forming the crosslinks.
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Radiation (X-rays, electrons) chains split, reactive ends form
tight crosslinked network

Applications:

cable accessories
heat shrink
materials
signal cables

Applications:

power cables
insulators
diaphragms
seals
gaskets

Applications:

signal cables
power cables
biomedical
  polymers

Reactive crosslinking; thermally induced

Water-initiated silane curing (Silanol)

D can be dicumyl peroxide or sulfur, activated at 170-175˚C

S is a reactive silanol, dissociated by water

S S

S

D

D

D

Figure 7-7
Illustration of Crosslinking Methods

7.2.4 Rubber Options

Neoprene, Buna-N rubber, silicone rubber, and ethylene-propylene rubber are the four
most popular elastomers for the rubber component of AOV diaphragms. As discussed
above, Neoprene is a DuPont trade name for chlorinated polyethylene. Silicone rubber
refers to a methyl silicone rubber that is produced by Dow Chemical company, 3M, or
DuPont. Buna-N rubber refers to a large variety of nitrogen-carbon-hydrogen polymers.
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This material is made by a number of suppliers and is available in many grades. Ethyl-
ene-propylene rubber is a synthetic hydrocarbon rubber made by copolymerization of
ethylene and propylene polymers. This material is typically supplied by DuPont under
the Nordel trade name or by Exxon Corp. under the Vistalon name. Although they vary
widely based on final formulation, the properties of these three elastomers are generally
compared in Figure 7-8.

NEOPRENE VITON SILICIONE RUBBER BUNA RUBBER

Tensile Strength         H      M                  M           H

Elongation         H     L                 M-H           H

Hardness       L-M   M-H   L-M         L-M

Thermal Stability         M     H     H         M-H

Chemical Resistance       M-H     H     H          M

Oil Resistance       L-M     H     H           L

Resistance to Perm. Set        H     L     H          H

Tear Resistance         H     H     L          H

Figure 7-8
Comparison of Elastomer Characteristics

7.2.5 Fiber Options

The fiber reinforcement is incorporated into the AOV diaphragm design to offer in-
creased strength, creep resistance, and sealing performance while still maintaining the
diaphragm’s flexibility. The fibers are formed into a fabric with varying fiber diameters,
fiber counts per bundle, and weave characteristics. Among the available options are
Dacron™, nylon, rayon, cotton, and aramid fibers such as Kevlar or Nomex. Nylon and
Dacron are the most popular for current AOV diaphragm applications.

Through analysis of AOV diaphragms recovered from the field or removed directly
from plant warehouses, the fiber weaves have been evaluated. The reinforcing fabric
basically consists of a criss-cross woven pattern of cords. Each cord is comprised of a
bundle of parallel, continuous fibers.

Both Buna-N and Neoprene diaphragms typically contain nylon fibers while the Sili-
cone diaphragms commonly use Dacron fibers. The Neoprene diaphragm fiber weave
has been known to contain approximately 274 fibers per cord. The Buna-N diaphragm
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weave often features approximately 68 fibers per cord. This difference is clearly shown
in the scanning electron microscope (SEM) photomicrographs presented in Figures 7-9
and 7-10, which exhibit exposed sections of both weaves at the same magnification.

Figure 7-9
SEM Photomicrograph of Buna-N Diaphragm Fiber Weave, Magnification 15x

Figure 7-10
SEM Photomicrograph of Neoprene Diaphragm Fiber Weave, Magnification 15x
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In addition, the weave patterns vary considerably between the Buna-N and Neoprene
diaphragms. The fibers in the Buna-N diaphragm are arranged in a tight over-under
orthogonally oriented weave. The Neoprene diaphragm weave has parallel lateral
strands with a criss-cross weave evenly spaced between them. The criss-cross weave is
more open than the over-under weave and the spacing of the criss-cross weave also
leaves large open areas for the Neoprene to bond between the fiber bundles. This is
clearly not the case for the fabric in the Buna-N diaphragm. The fabric in the Buna-N
has a very low profile with a very dense weave and appears like the fabric one would
expect in a windbreaker. The fabric from the Neoprene diaphragm is much coarser,
with a deep profile. This fabric is more like a burlap, when compared with the other.

The silicone rubber and Dacron fiber bond was too strong for complete separation of
the rubber from the fibers. Figure 7-11 shows an SEM photomicrograph of an exposed
section of the silicone/Dacron fiber weave taken at the same magnification as the Neo-
prene and Buna-N. The surface fibers are somewhat distorted from the removal of the
rubber, but the basic weave construction is still visible. This weave combines the regular
over-under orthogonally oriented weave of the Buna-N with the thicker fiber bundles of
the Neoprene. The open spaces that promote the rubber bond in the Neoprene dia-
phragm are not necessary in the silicone rubber diaphragm due to the bond between the
rubber and fibers.

Figure 7-11
SEM Photomicrograph of Silicone Rubber Diaphragm Fiber Weave, Magnification 15x

Aramid fiber weaves, such as Kevlar, are being used to a limited extent in ethylene-
propylene diaphragms. Due to the lack of texture of these fibers and their thermoset
characteristics, loosely woven fabrics are typically supplied.
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Key considerations when choosing the base resin and fiber combination are chemical
resistance, operating temperature, bonding characteristics, and mechanical properties.
A poor bond between the rubber and fibers is unacceptable in this application because
the shear component of the compression stress at the flange edge will cause the two
layers to separate. In some cases, the fabric is pre-treated with a low viscosity rubber
compound to promote bonding during the molding process.

7.2.6 Service Conditions

AOVs are used for a variety of functions in all types of power plants and systems. There-
fore, they are exposed to a wide variety of environmental conditions. Areas near steam
lines can be extremely hot; the metal in the pipes and the metal components on the valve
housing are good thermal conductors. Not all valves are located inside the plant and
those that are outside can be exposed to highly variable temperature excursions.

The diaphragm materials for a specific valve should be selected based on its environ-
ment. Areas that are known hot spots would benefit from the added temperature stabil-
ity of a silicone diaphragm, for instance. In many plants, there are monitors in specific
locations to determine the ambient temperature, but the proximity of other equipment
can create localized areas of higher temperatures; so it is suggested that the actual
temperature in the valve be measured separately, rather than relying on general mea-
surements or predictions of ambient conditions.

Depending on the valve configuration, the diaphragm might be constantly pressurized.
Some valves will experience more frequent cycles than others, based on function. The
“wear” of the diaphragm should be considered, based on this information. AOVs are
comparatively fast-acting valves and their closure can lead to abrupt high stresses on
the diaphragm, concentrated along the flange edge, support plate, and interior corner. If
there are any questions about a diaphragm from the warehouse and other options are
available, that diaphragm should not be placed in constantly pressurized service or in a
high-cycle valve. The instrument air feeding AOVs is typically controlled through a
pressure regulator to protect the valve from over-pressurization, but the potential for
over-pressurization due to a regulator failure should also be assessed when choosing a
diaphragm construction.

The rubber is far more susceptible than the reinforcing fabric to the environmental
conditions because it is typically a more fragile material and has more exposed surface
area with no shielding. Though this will vary by compounding specifics and processing
quality, a few general recommendations are valid.

Silicones tend to offer better thermal and chemical stability and would be the recom-
mended choice of polymer for most situations. The primary drawbacks with silicones
are their poor tear resistance and low tolerance to physical damage, such as abrasion or
over-clamping. Ethylene-propylene rubber offers good chemical and thermal stability,
and improved mechanical strength and tear resistance when compared to silicone
rubber. Neoprene is more physically rugged than silicone rubber with high tear and



7-17

EPRI Licensed Material

Air-Operated Valve Maintenance Guide

crush resistance and would be recommended for applications where there is a high
potential risk for this type of damage. Neoprene should not be used, however, if there is
a significant threat of oil exposure because it is prone to swelling upon contact with oil.
If the Buna-N has been sulfur-cured properly, this material could offer improved flex-
ibility that would be beneficial in a particularly fast-acting valve.

7.2.7 New Diaphragm Inspection

After receiving a new diaphragm from the manufacturer, there are a few visual clues
that provide information about the condition of the part and its manufacturing at-
tributes or defects. The fiber ends are exposed from the reinforcing fabric along the
outer flange edge of the diaphragm. Visual inspection of this area allows the assessment
of the placement of the fabric between the rubber layers. The fabric should be in the
center of the rubber layers and should not exhibit evidence of wrinkling or misalign-
ment that would be apparent from the alignment and placement of the fiber bundles.
The surface finish of the component should be visually evaluated to check for evidence
of wrinkling of the fabric, exposed fibers on the outer surface, and molding defects such
as flash (excess material at the edges), voids, or bubbles. The surface finish should be
smooth in all areas.

The diaphragm can also be subjected to a few “scratch and sniff” tests. If the diaphragm
has a very strong odor, it could indicate an incomplete cure. The smell is related to the
peroxide, sulfur, or other crosslinking agent or synergist that has not been depleted
through a complete curing cycle. However, Buna-N rubber has an acrid odor that is
characteristic and cannot be avoided.

Another indication of an incomplete cure or poor compounding is the tear resistance of
the rubber. Durometer hardness can also be conducted with a hand-held durometer at
an area near the edge of the diaphragm to evaluate the comparative hardness of the
rubber. Tests and inspection methods outlined in Section 7.5 can be used for further
evaluation of the molded rubber components of AOVs.

If it is necessary to take any samples for chemical analysis of the rubber, it is strongly
recommended that these be removed from the outer flange edge of the diaphragm with
a very sharp scalpel or knife. Most chemical analysis methods require less than 0.2
grams of sample, so small shavings should be sufficient. If significant quantities of
sample material are necessary, it is recommended that an extra diaphragm from the
same manufacturing lot be purchased for testing purposes to keep the others intact for
service. It is imperative that such sampling not adversely affect the integrity of the
diaphragm. Cuts must be clean and through the rubber and fabric to avoid pulling fiber
bundles from deep within the fabric.

7.3 PACKAGING AND HANDLING

Unlike many metallic components, most polymers are sensitive to elevated tempera-
tures over long periods of time, exposure to solvents and cleaning fluids, UV
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degradation, detergents, oils, and other agents. The very properties that allow rubber
parts to be flexible make them somewhat fragile; therefore, attention must be paid to
their storage conditions. In the same manner that it is necessary to protect steel compo-
nents from salt water or dissimilar metal contact, it is necessary to protect polymeric
components from the above conditions. In many cases, these parts can inadvertently be
placed at risk. It is advised that the incoming parts and warehouse conditions be
checked to ensure that the following suggestions are observed to improve the likelihood
of a functional diaphragm or other soft part with the maximum potential service life.

7.3.1 Packaging Considerations

The diaphragm should be stored in a flat orientation, not folded within its container or
rolled. No heavy objects should be placed on top of the diaphragm such that it would be
constrained or bent during storage. Clearly marked labels should be visible on the packag-
ing indicating the manufacturer, lot or date of manufacture, and applicable valve size. It is
important that such labeling be visible without violation of the integrity of the package.

Transparent packaging is essential to allow visual examination without exposure of the
contents to unnecessary dust and handling. The packaging materials should be in-
spected to ensure that no plasticized vinyls or other plasticized polymers are in contact
with the diaphragm. Any packaging materials that exhibit yellowing and/or an oily
surface should be removed immediately. Polyethylene bags are recommended.

Plasticizers can degrade many rubber and plastic materials on contact. Materials of this
type are used to make vinyl soft. Pressure-sensitive adhesives used in labels or sealing
materials also contain powerful plasticizers, so they should not be placed directly on the
diaphragm surface. Exposure to paper products should be limited because the sulfates
used in paper processing are quite aggressive and can sometimes oxidize elastomers by
reacting with moisture to form sulfuric acid. Metallized packages and other opaque
materials obscure the diaphragm from view, so it is likely that the package will be
opened and closed several times. The absence of packaging materials is not recom-
mended because the diaphragm or other part would receive uncontrolled exposure to
dust and vapors. This would prompt a cleaning of the components prior to installation,
increasing the chance for an inadvertent solvent exposure.

In an ideal situation, the diaphragm would be placed in a clean, clear polyethylene bag
with external labels to protect it from solvent vapors and other dangerous materials.

7.3.2 Environmental Considerations

The diaphragm should not be exposed to elevated temperatures (+120ºF) for long peri-
ods of time. During summer heat waves, it is possible to have sections of the warehouse
where the temperature is not fully controlled, especially areas nearest the roof and walls
with full sun exposure. Likewise, certain areas too close to heating vents can get ex-
tremely warm in the winter, depending on the configuration of the heating system.
Although the diaphragm will most likely be exposed to temperatures much higher than
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these in service, it is preferable to protect them from elevated temperatures as long as
possible so that premature aging and antioxidant depletion does not occur.

Some mercury lighting systems are a potential threat to polymeric components. By
nature, these lights emit ultraviolet radiation. This attacks polymers by chain scission
(splitting of the polymer chains) and also promotes oxidative degradation.

Solvents and other chemical substances can degrade diaphragms through direct contact
and through vapor exposure. It would be wise to store paints, solvents, oils, and clean-
ing materials as far from all polymeric components as possible. During all maintenance
involving paint or other potential solvent sources, the diaphragm should be removed
from the housing if possible. If not, a clean polyethylene sheet should be placed over the
diaphragm to protect the rubber until the paint has fully dried. Particular care should
also be taken when positioners, vents, and stems are painted.

7.4 INSTALLATION

Installation practices have been directly linked to a number of AOV diaphragm failures
and premature degradation of others. Finite element analysis models have shown that
the diaphragms are often operating at or near their maximum stress limit (see reference
36, Section 8.0); therefore, even seemingly minor disturbances in the rubber or fiber
condition can promote the initiation of a rupture. Over-clamping, field-drilled bolt
holes, and flange lubrication are among the observed problems that have led to dia-
phragm degradation in service. Slightly modified procedures are required for different
valve types and sizes, but the following suggestions should be kept in mind to mini-
mize damage to the diaphragm.

7.4.1 Cleaning

Diaphragm surfaces must be clean, dry, and free of any particulate materials. Similarly,
the flanges must be completely clean and free of rust, burrs, or other surface anomalies
that will impair sealing. It should be noted that small bits of debris can penetrate into
the elastomer, compromising its sealing characteristic or, in a worst case, serving to
initiate a tear. The diaphragm must be flat against the flanges before tightening the
bolts; otherwise, wrinkles can occur. The diaphragm must not be twisted, pulled, or
otherwise distorted during installation to avoid wrinkles and to ensure uniform distri-
bution of mechanical stresses.

If the housing threads have been lubricated, lubricant residue must be removed from
the flange faces and from the diaphragm surface. Cleaning with a mild soap or with a
cloth wetted with ethyl alcohol is not harmful, although a dry cloth should be at-
tempted first in all cases. Denatured alcohol must be avoided because it is formulated
with benzene, a solvent that can promote severe degradation of diaphragms and seals.
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7.4.2 Clamping

The clamping process should be reviewed because it can compromise the damage or
defect tolerance of the diaphragm and might adversely affect its sealing characteristics.
It is important that rubber components be compressed to ensure a leak-tight seal.
Crosslinking prevents gross plastic deformation of elastomers, but it is not possible to
effectively achieve crosslinking densities above approximately 85% for most elastomers.
This leaves a fair amount of the elastomer in a non-crosslinked form in which it is sub-
ject to permanent plastic deformation.

A compression of 10-20% is normally used to seal rubber-gasketed surfaces, although
the specific compression value is dependent on the materials, flange design, application,
and manufacturer’s specifications. Excessive clamping force becomes self-defeating
when the gasket material plastically flows, thus reducing the compression force at the
interface. Excessive clamping can also promote shear separation of the rubber/fabric
interface, allowing the fabric to pull out from the rubber when the diaphragm is pres-
surized. In the event of a leak, re-torqueing of the housing bolts is not recommended
because this could promote compression fractures or creep damage of the diaphragm.

Although there is debate over the bolt tightening procedures, a safe practice is to use a
one-quarter turn sequence after the gasket/diaphragm has been contacted. The final
setting should be established with a torque wrench to ensure uniform compression
force for all bolts. All nuts and bolts must be clean and free-turning by hand. If a lubri-
cant is necessary, this must be limited to the threads and all bolts must be so treated.
This also provides a safeguard against missing one or more bolts if manual torqueing
methods are used. After all bolts have been tightened to a predetermined limit, each
bolt should be backed off one-eighth turn and re-torqued to a uniform setting, in se-
quence. There is a tendency to over-clamp with the intention of creating a tight seal, but
there is a thin line between a proper seal and extreme compression of the part. Sugges-
tions for evaluating clamping damage are provided in Section 7.6.2.9. It is extremely
useful to examine some parts recently removed from service to determine how the
present plant practices are affecting the diaphragms.

7.4.3 Bolt Holes

In some cases, the diaphragm does not have enough bolt holes to accommodate replace-
ment valve housings. Because of the presence of the fiber weave, adding a bolt hole
should be performed only with a punch. Drilling the holes can lead to pulling the fibers
out of the rubber matrix as shown in Figure 7-12. Entanglement and winding of the
fibers on the drill bit causes them to pull away from the rubber matrix and reduces the
tensile strength of the diaphragm. The rubber in this area becomes unsupported and
has significantly reduced mechanical properties when compared with rubber in other
areas. The new drilled bolt holes tend to elongate during service as they are stressed,
eventually creating a leak path or a rupture initiation site if the rubber becomes too thin.
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Figure 7-12
Illustration of Fiber Damage from Field Drilling of Bolt Holes

If additional bolt holes are necessary, a punch and die set should be purchased or made in a
machine shop. Carbide or case-hardened materials with an extremely sharp cutting edge
are recommended. The sharp edge causes minimum deformation of the fibers and rubber.
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7.4.4 Lubrication

If the diaphragm has been properly installed, lubricants and thread sealants should not
be necessary. These materials should be avoided if at all possible due to their potential
for harmful interaction with the diaphragm rubber and their interference with sealing
and mechanical constraint of the diaphragm.

Silicones are commonly used for many plant components as a good high temperature
lubricant. Depending on the specific chemical formulation, many of these products can
degrade the diaphragm rubber compound by dissolving out processing aids such as
zinc stearate or a phenolic antioxidant. Silicones are available in two common forms;
polydimethyl silicone or polymethyl/phenyl silicone. For application to rubber compo-
nents, it is recommended that lubricants containing phenyl silicones be avoided due to
their propensity to promote swelling and softening. Further, silicone lubricants are
commonly supplied in pressurized spray canisters. It is imperative that the propellants
and solvents be considered when using such lubricants. Nitrogen, ethanol, butane,
pentane, and others provide benign propellants and solvents for the oil. Lubricants
containing stearic acids, non-identified petroleum distillates, and wetting agents should
be avoided. The Chemical Rubber Company (CRC) provides excellent disclosure of all
ingredients in its line of lubricants.

The presence of most any lubricant at the flange edge of the housing is undesirable due
to concerns with the friction retention of the part. Slipping of the diaphragm transfers
and concentrates the axial stresses in the diaphragm to the outer edge of the bolt holes.
These materials could also interfere with the sealing characteristics of the diaphragm
due to slippage or leakage. Lubricants that contain hard particles, such as graphite, are
a particular concern with respect to leakage. It should also be noted that lubricants that
are not applied directly but near the flange area could easily migrate to this region at
elevated temperatures.

Thread sealants are sometimes applied to the threads of the stem bolt in an effort to
reduce leakage. These materials should be unnecessary for properly installed parts with
good surface finish. Sealants could restrict the movement of the diaphragm during
actuation increasing the stress in constrained areas. Many sealants contain volatile
organic compounds that might condense in areas where they could degrade polymeric
components or sliding metal surfaces.

7.4.5 Valve Housing Considerations

The flange surface should be visually examined to make sure that there are no burrs or
other sharp features that could potentially puncture the diaphragm. The alignment of
the two flanges should be concentric to avoid the non-uniform distribution of mechani-
cal stresses. Flanges must be flat and should be checked for run-out against a flat refer-
ence surface. The bolts should also be free of burrs or surface roughness and of a shoul-
der-type design. The threads on the bolts should fit easily within the diaphragm bolt
holes to avoid cutting the rubber layers. All nearby surfaces in the valve housing should
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be examined to ensure that they are clean and free of debris, solvents, or lubricants that
could contact the diaphragm and impair sealing or degrade the diaphragm materials.

7.5 MAINTENANCE

Proper maintenance of AOV diaphragms consists primarily of regular inspections and
avoiding certain practices, rather than adopting a large dedicated maintenance pro-
gram. The response of individual diaphragms can be expected to vary due to local
environmental conditions, variations in assembly practices, and variations in materials
and construction. When the integrity of an AOV diaphragm or other flexible soft part
has been compromised, it should be removed from service. There is no way to patch,
fix, or otherwise reverse the effects of accumulated damage and aging to most of these
parts in a manner that would restore the component reliability. Maintenance practices,
however, can be adopted to efficiently extend the reliable service life of AOV elasto-
meric components.

7.5.1 Inservice Inspection

Plant operation and maintenance records are useful in determining which AOV dia-
phragms are most vulnerable to degradation. If the instrument air pressure regulators,
nitrogen pressure back-up system, or other attached systems have not been operating
properly, an AOV diaphragm on the same system might have been exposed to exces-
sive pressures. Although it is difficult to correlate temperature data to the actual condi-
tions at the AOV diaphragm, if records indicate that a particular area of the system has
been running hot, this would be a good location to inspect diaphragms with increased
frequency and attention to detail. Valves that have been part of maintenance activities
or repair should be inspected due to the diaphragm’s sensitivity to mechanical damage.

AOV diaphragms can also be subject to accelerated degradation due to inadvertent
exposure to oil, water, and other materials associated with the instrument air system. It
is important to note that despite significant improvements to instrument air systems at
most plants, prior oil and moisture exposures due to earlier system designs can be
expected to have an effect on the aging of components that have not been replaced. The
following might be considered:

• Unusual accumulation of oil in dryers, filter housings, and moisture separators
might prompt an examination of a representative AOV diaphragm/housing for oil
intrusion.

• Water found in filter housings and drier systems should be subjected to a simple
field pH test to determine if unusual acidic or alkaline conditions exist; if so, correc-
tive measures might be taken with the instrument air purification system, using
commercially available products.



7-24

EPRI Licensed Material

Nuclear Maintenance Applications Center

• Any recent painting, solvent cleaning, oil spills, diesel fuel spills, or other potential
sources of hydrocarbon residues should be taken into account as potential contribu-
tors to diaphragm degradation. In such a case, a simple chemical analysis of water or
oil removed from the air dryer system can determine if residues have been concen-
trated in the instrument air system.

• If there has been a recent history of air pressure regulator problems or other prema-
ture degradation of polymeric materials associated with the instrument air system,
this should prompt a review of the potential effects on the AOV diaphragms.

• Damage or degradation of desiccant materials, filtering media, and visual indicating
materials should be noted. Desiccating material released into an instrument air
system might allow hard particles to interfere with proper operation of air pressure
regulators, for example, possibly leading to over-pressurization of AOVs.

To perform a thorough examination of the diaphragm, the valve has to be taken off-line
and the diaphragm must be removed from the housing. During service, in some valve
configurations, a small portion of the non-pressurized face of the diaphragm is exposed
through the housing vent. This area provides a limited view of the diaphragm, but with
a mirror and a flashlight or “borescope,” a quick visual examination of a good deal of
the center portion can be conducted while the valve is still in service. This method
would be particularly useful in examining for crazes, wrinkles, blisters, discoloration, or
other surface damage. It is also possible to view the exterior of the housing and flange
edge which provides some opportunity for inservice inspection (ISI). Corrosion damage
would be a potential concern because this might contribute to premature mechanical
degradation of the diaphragm.

If the diaphragm has been removed from its housing, it should be visually examined to
determine if there are any indications of severe aging or damage. The rubber should be
smooth with no evidence of swelling or residues, such as oils or paints on the surface. If
oils or paints are present, those areas should be closely examined for crazing and swell-
ing. The bolt holes should be concentric with limited deformation from the clamping
process. The flange area of the diaphragm will experience some permanent set, particu-
larly with Buna-N rubber, but this should not be greater than 20% of the original thick-
ness of the part.

The diaphragm should be folded to ensure that it is still flexible and to check for evi-
dence of crazing. Crazes are a common indication of chemical or thermal degradation of
rubber parts. They will be present in the form of small cracks along the surface of the
rubber and usually run perpendicular to the direction of the highest mechanical
stresses. In many cases, crazes are not readily apparent until the diaphragm is flexed.
Both faces of the diaphragm should be checked because chemical exposure is likely to
be more severe on one side of the diaphragm. Craze penetration on both sides of the
diaphragm also indicates that the attack has progressed through the thickness of the
part and that leakage has started or will be starting soon if the part remains in service.
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The surrounding areas of the valve housing, including the flange surfaces, should be
examined for indications of unusual wear or lubricant residues. In cases where a Neo-
prene diaphragm has been selected, the presence of rust or other forms of corrosion are
an indication that the Neoprene is thermally breaking down to form reactive chlorides.
This typically occurs at 130°C or more. Neoprene is a DuPont trade name for chlori-
nated polyethylene. Excessive temperatures can cause the release of hydrogen chloride,
which will degrade many metallic parts by formation of hydrochloric acid in the pres-
ence of moisture. In this case, corrective actions should be taken to remove the corrosive
products from the valve housing, and the diaphragm should be replaced for the current
operating conditions, preferably with a more thermally stable material, such as silicone
or ethylene-propylene rubber.

A check list of areas to inspect is provided in Table 7-1 for reference purposes. This list
should be considered a general guide, and site-specific considerations should be added
by plant personnel as necessary.

Table 7-1
In-Service Inspection Check List

•  Examine the edge of the diaphragm where it protrudes from the housing:

Observe for a pattern of cracking or crazing; if present, a small flake of material can be
chemically analyzed to determine the root cause without removing the diaphragm from service.

Flex the diaphragm edge; if it is brittle, an examination of the diaphragm would be prudent at
the earliest possible opportunity

If the edge is "gummy," oil exposure, improper cure, or other significant degradation might be
occurring. Chemical analysis of the rubber would be urged and inspection of the internal portion
of the diaphragm would be indicated as soon as possible.

If the edge is bulged significantly, this might indicate over-tightening of the flange bolts. Such a
condition can lead to tears of the diaphragm originating at the bolt holes in service.

If the edge is non-uniformly compressed, this indicates non-uniform tightening of the flange
bolts. This condition can lead to tears of the diaphragm at the overly compressed side.

If the edge is "tucking in" between the bolts, under-tightening might be indicated. This condition
could lead to a tear in service and should gain immediate attention. Loosening the bolts to
alleviate such a condition is not recommended.

•  Leak testing (air in or air out) is easily accomplished using a commercial leak detecting fluid, such
as Snoop® or a dilute solution of glycerin and distilled water. If newly installed, flange bolts can be
tightened to correct a leak, as long as compression limit guidelines are not exceeded.

•  In most cases, the fabric reinforcement can be seen at the periphery of the installed diaphragm.
Some conditions and their possible adverse ramifications follow:

Fabric exposure on one face of the rubber can promote air leaks; over-tightening can be a
natural reaction.

Significant wrinkling of the fabric can promote non-uniform mechanical stress distribution in the
diaphragm, possibly leading to rupture.

Fabric "pulling in" non-uniformly would indicate poor bonding, non-uniform tightening, over-
tightening, or other adverse condition; the expedient corrective action would be indicated.
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7.5.2 Cleaning

If necessary, the diaphragm surface can be cleaned with a mild soapy water, followed
by a rinse with clean, non-soapy water. The adjacent areas of the valve housing should
also be cleaned using only soapy water or a mild degreaser that does not leave an oily
film. Chemical cleaners, solvents, and particularly aerosol cleaners should be avoided in
and around AOVs. The newer generation of citrus oil-based cleaners can be used, but
the oil that remains can cause significant softening (plasticization) of the diaphragm. A
clean, dry cloth is effective in removing residues from this type of cleaning agent.

Even if cleaning materials do not come into direct contact with the diaphragm, they are
not recommended because their solvent vapors can still contact and degrade the rubber.
If the valve housing needs to be painted, it is recommended that the diaphragm first be
removed and placed in a polyethylene bag to protect it from solvent vapors. The dia-
phragm should not be installed until the paint is completely dry and odor-free.

7.6 FAILURE ANALYSIS

Analysis of failures and significant premature degradation of AOV rubber components
is important for determining if the cause is related to the materials, manufacturing,
installation practices, or plant conditions. Failure analysis can be complex in some cases,
but relatively simple in others. This section addresses a wide range of tests and inspec-
tions that can be useful for root cause determinations. It is imperative that the reader
understand that no such discussion can possibly encompass all possible failure mecha-
nisms nor can such endeavors be treated as simple “procedures.” On the other hand,
experience, intuitive skills, and basic knowledge of materials and their degradation
mechanisms can greatly increase the potential for plant personnel to significantly im-
prove the longevity and reliability of AOV components.

7.6.1 Evidence Preservation

When a failure occurs, it is important to have a properly trained response team or
identified personnel to increase the chances of a correct root cause assignment for the
event. During removal of the affected component, it is essential to leave it in its present
(as-failed) condition to the maximum extent possible, minimizing its exposure to sol-
vents, fingerprints, lubricants, and mechanical stresses. If a diaphragm is found to have
stuck to its housing, pulling it off manually would most likely compromise the value of
the sample for subsequent condition assessment. Instead, the diaphragm should be
peeled off with a brass scraper or other suitable tool. A simple scraper can be made
from a sheet of polycarbonate or Plexiglas® plastic, for example, by creating a beveled
edge using a file, grinder, or bandsaw.

It is recommended that detailed photographs of the interior of the actuator housing and
diaphragm be taken during removal, focusing on the surface finish of all parts, the
presence of any foreign substances, and the area of the diaphragm failure. Good quality
lighting and appropriate film are recommended so that the recorded colors are accurate.
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Distinguishing “rust stains” from other surface films and deposits might become impor-
tant at a future time and the photographic record would be most useful if carefully
prepared. During latter stages of the investigation, recalling whether the diaphragm
was wrinkled might be important, but otherwise difficult to recall unequivocally with-
out a photographic record.

The condition of the bolts should also be noted to determine if they were free, galled,
cross-threaded, or distorted. As a minimum, a visual inspection of these parts should be
conducted, and documentation should be provided with the failed diaphragm when it
is submitted for analysis.

The diaphragm should be stored flat without folds after removal from the housing.
Although it is often tempting, flexing of the diaphragm and handling of the area near
the rupture or other observed damage should be kept to a minimum until the dia-
phragm has reached the parties responsible for the root cause analysis if they are not
present at the disassembly of the actuator. If possible, it would be best to seal the dia-
phragm in a clean polyethylene bag or polyethylene sheet. Other bags might have been
formed from vinyl polymers that may contain plasticizers (chemical softening agents),
which might adversely interact with the diaphragm materials.

It is understood that during an unexpected outage, rapid response is key in restoring
the plant to operation, but a few extra minutes to ensure that the failure scene is
handled properly could lead to a root cause analysis that will enable the detection of
other component problems before another failure occurs. Labeling of components
becomes particularly challenging at such times.

Any fluids found on or near the diaphragm should be collected and stored in glass jars
with a Teflon-™ or polyethylene-lined lid for future analysis if necessary. Lids of this type
help to avoid contamination from cardboard, corrosion products from aluminum foil, or
products from other traditional seals and liners that could confuse the chemical analyses.
Other samples of associated debris present in the area of the diaphragm should be stored
in jars or polyethylene bags, depending on their size and the available materials.

Records pertaining to the operation of the valve before and up to the failure event
should be gathered and reviewed. Valve temperature, number of cycles, line pressure,
and any other available information could provide information about the contribution
of related systems to the failure. Over-pressurization events, high frequency of inter-
rupted cycles, or local temperature excursions could all contribute to premature aging
of the diaphragm. Reviewing such information in context of diaphragm performance
would be particularly helpful in identifying other valves in the same system that could
be at risk.

7.6.2 Test Methods

A variety of test methods are available to assess the condition of AOV soft parts. These
range from simple visual and tactile examination to more sophisticated mechanical and
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chemical testing methods. The following testing method descriptions begin with meth-
ods that are applicable in the plant environment, and then lead into laboratory-based
methods that might be necessary for selected failure analyses. It is not anticipated that
the reader would necessarily conduct the full range of laboratory tests, but these de-
scriptions should be useful in arranging for and interpreting the results from such tests.

7.6.2.1 Visual Examination

The most important part of any investigation is the preliminary visual examination. It is
necessary to evaluate the component condition and determine the best use of the remain-
ing material in terms of sample selection and analytical methods. It is also imperative that
representative areas be selected and that the samples be prepared in a manner that does
not influence the test results. Thorough documentation of the part should be conducted so
that the original as-failed condition can be reconstructed at a later time, if necessary. This
evaluation should help to guide the selection and order of test methods as well.

Visual examination begins with overall characterization of the diaphragm surface. The
surface should be smooth, reasonably shiny, and free of crazes, voids, blisters, oily
films, wrinkles, or cuts. Some areas might have an impressed texture that results from
prolonged contact within the housing and along the clamped edge. The periphery
should be carefully inspected for the presence of tears, cracks, embedded rust flakes,
embedded debris, or other damage. Degradation found during this inspection can be
further characterized by microscopic methods.

The diaphragm should be characterized for its overall geometry. It should be wrinkle-
free and it should lie flat. Any deviations should be noted. The holes along the bolt
flange should be round and concentric. Any elongation should be noted and character-
ized as to whether the elongation is radial, axial, and/or symmetric. The center hole
should also be examined to be certain that correct installation practices were used. A
non-concentric compression pattern where the support plate was located would be an
example of evidence of poor installation. Oil and grease films on the diaphragm surface
should be noted, characterized, and preserved.

The interior surface of the housing should also be inspected as soon as it is opened. This
should be examined for the presence of water or oil because these are ready indications
of instrument air system problems. Similarly, rust deposits might indicate moisture
accumulation or acidic conditions.

7.6.2.2 Non-Instrumental Screening Tests

While many of the materials and degradation processes can be complex, there is no
reason why a number of simple screening evaluations cannot be effectively applied for
a field assessment of the condition of diaphragms. Someone familiar with the “feel” of a
new diaphragm might be able to determine from a simple manipulation that a dia-
phragm being removed seems “harder” that the original. Such an observation is ex-
tremely valuable and must not be discounted in consideration of more exotic testing. In
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Table 7-2, a number of simple tests and their application have been outlined. These are
particularly useful for the initial screening of a failed diaphragm or for the evaluation of
non-failed diaphragms as part of an inservice inspection program.

Table 7-2
Simple Field Tests for the Initial Evaluation of AOV Diaphragms
and Other Elastomeric Components

Observation: Changes Might Indicate:

Flex and inspect for surface crazing Oxidation, radiation damage,
thermal damage, solvent attack

Flexibility Extent of cure (more decreases
flexibility), thermal degradation, radiation damage,
solvent damage

Shrinkage of rubber at edges Improper molding, chemical attack, radiation
damage, over-tightening, thermal damage

Discoloration Improper formulation, rust staining, chemical
attack, foreign material

Cracks Thermal damage, chemical attack, aging

Impress fingernail; observe indentation Compression set resistance
recovery (full, slow, none)                                  (affected by formulation, aging)

Fold over, test deformation resistance Extent of cure, chemical damage

Surface finish Molding quality, rubber compound
mixing/preparation, chemical or thermal attack

Surface "chalking" Severe chemical attack, severe thermal damage,
paint deposits

Surface waxy residues Mold release or antioxidant bloom

Strong chemical odors Chemical attack, thermal damage, nitrile rubber
(inherent odor)

Notch, test tear resistance Extent of cure, chemical or thermal damage

Moisture beading behavior Decrease suggests thermal damage

Surface texture Compression damage, molding defects

Adheres to housing Rubber formulation, oil attack, chemical attack

7.6.2.3 Microscopic Examination

Optical microscopic examination of the rubber can be used to evaluate the condition of
interfaces between the rubber and fabric, to detect the presence of voids or contaminants,
and to evaluate the dispersion of ingredients within the compound. This method is also
useful in determining the extent of crazes, fractures, or other damage to the rubber, par-
ticularly in evaluating the extent of penetration of surface crazes into the diaphragm.
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The integrity and alignment of the fiber core can be inspected by removing small areas
of the overlying rubber layers. In many cases, the rubber is difficult to remove from the
fibers, due to the strong chemical and mechanical bond that is formed upon curing.
Liquid nitrogen is often helpful for sample preparation.

Due to significant differences in thermal expansion coefficients, the rubber and fabric
layers might spontaneously separate upon freezing, allowing easy removal. At least, the
materials are made tougher when frozen, allowing the layers to be pried apart more
easily. Heat should not be used because this chemically affects the materials, and the
rubber cannot be melted due to the chemical crosslinking that was used to produce the
diaphragm. The use of freezing techniques also minimizes surface distortion that can
occur due to plastic deformation.

Defects in the dispersion of the rubber ingredients might be evident or suggested by the
presence of tiny blisters filled with white, black, or gray powdery materials. These might
be apparent on the exterior surface, but can also be seen in cross-section when a surface is
adequately prepared. Cutting with a single edge razor blade can afford a limited look at a
cross-section, though the surface will be smeared in the process and some evidence might
be masked. Preparing a cryo-fractured surface is preferred. This simply involves freezing
a small section of a diaphragm in liquid nitrogen (2-3 minutes immersion), and then
sharply bending it immediately after removal. This yields a non-disturbed cross-section,
ready for examination by eye, hand magnifier, or stereomicroscope.

Non-dispersed ingredients are an indicator of improper mixing of the rubber com-
pound. Compounds are only as good as the mixing of their components. Segregated
components are not available to interact with the system.

Voids might be apparent on the surface of the diaphragm as-found or when stretched.
Voids can also appear in the cross-section when not apparent on the surface. Dia-
phragms can be evaluated for the presence of internal voids by preparing cryo-frac-
tured surfaces with subsequent visual examination supplemented with a hand
magnifier or stereomicroscope. Voids are possible indications of excess moisture of the
compound during cure, excess rate of crosslinking, incomplete mold filling, significant
solvent interaction, or other defects. Optimum mechanical strength and lowest leak
rates are ensured with void-free compounds.

7.6.2.4 Hardness Testing

Durometer hardness measurement of the rubber is a relatively simple test that can be
used comparatively to evaluate embrittlement, oil attack, chemical degradation, or other
aging-related damage. The ASTM specification for rubber hardness testing, D2240,
requires a material thickness of at least 0.25 inch to be used. The diaphragm rubber
layers are not thick enough for this specification, so the results should be used on a
comparative basis only with new diaphragms made with similar materials or with spare
diaphragms of the same vintage that have not been in service. The best results can be
obtained by stacking layers of the same diaphragm, being careful that each represents
an area with similar characteristics. For example, the relatively protected center area of
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the diaphragm under the support plate can be used as a reference sample when degra-
dation due to chemical or solvent attack is suspected.

7.6.2.5 Chemical Analyses

Chemical analyses of the rubber can take many forms. Chemical identification of the
rubber and fiber major organic chemical functional groups can be conducted with
micro-Fourier transform infrared spectroscopy (FTIR). This method is also useful for the
identification of non-dispersed ingredients and contaminants and for detecting the
presence and location of oxidized areas on the diaphragm surface. For more detailed
analysis of the organic rubber compound ingredients or specific contaminants, the
combined methods of gas chromatography and mass spectrometry (GC/MS) are sug-
gested. This method is more time consuming and complicated, but it is far more sensi-
tive than FTIR for the detection of solvents and thermal breakdown products.

For GC/MS analysis, a small section of diaphragm material is required. This can then
be immersed in a solvent, such as methanol, for an extended period (for example, two
hours) to extract organic compounds. This extract is then injected in a heated (vapor)
form into the gas chromatography column. The column consists of a very long, small
bore tube with an inner surface treated with a porous silica. It is used to separate the
larger and smaller compounds, based on their molecular weight. At the end of the
column, a detector determines when each component passes through. A mass spectrom-
eter is used in the GC/MS technique to determine the mass of each compound as it
comes out of the separation column. Using the combined data of retention time in the
column and the mass, compounds can be identified with near absolute precision, with
very high sensitivity.

Sampling methods also include direct thermal desorption. In a case where a diaphragm
was suspected to have sustained solvent exposure, traces of the solvent can be detected
by placing a small section of the diaphragm into a heated chamber at the entrance to the
column. A purge gas, such as nitrogen, is passed through the desorption cell, carrying
with it the gases removed from the diaphragm upon heating. This mixture then passes
through the column, allowing identification of the offending solvent.

Infrared spectroscopy must be conducted using a reflectance mode due to the opaque
nature of diaphragm compounds. For this, small sections of the diaphragm can be
removed and handled to avoid surface contamination. An infrared spectrometer then
illuminates the surface with a broad spectrum of infrared radiation while measuring
absorbency for each wavelength of the infrared spectrum. Each organic chemical func-
tional group has a unique absorbency, so the absorbencies can be used to identify con-
taminants, oil films, and oxidative degradation, and to analyze the components blended
into the rubber compound.
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7.6.2.6 Crosslinking Density (Cure Assessment)

The degree of crosslinking can be assessed following ASTM D-2765. As part of this
procedure, a small amount of the rubber is “ashed” in an oven to determine the percent-
age of inorganic materials in the compound. Ashing is the common term used to iden-
tify the process in which the polymer and organic additives are burned away, leaving
the inorganic filler and reinforcement materials.

Measurement of the inorganic portion of the rubber compound is recommended be-
cause an increase in the concentration of inorganics is an indicator of misformulation or
removal of the rubber. An increase in the inorganics accompanied by an increase in the
crosslinking density of the rubber indicates that potentially the non-crosslinked portion
of the rubber was chemically or thermally removed during service. Samples for both of
these tests should be removed from a relatively non-damaged area of the diaphragm
and near the failure site for comparative purposes. Areas that might be away from the
failure area but appear to be crazed or swollen would also be good candidates for this
test to assess the degree of damage.

7.6.2.7 Scanning Electron Microscopy and Elemental Analysis

In some cases, a very detailed examination of a specific defect or damage site is neces-
sary to determine the root cause. Although magnifiers or stereomicroscopes are very
powerful forensic tools, each is limited in its ability to determine such things as fine
surface details at a tear or the characteristics of the ends of individual broken fibers in
the reinforcing fabric.

In such cases, a scanning electron microscope (SEM) is essential. This instrument creates
an image from a surface by scanning an electron beam over it, using reflected electrons or
electrons emitted from the sample surface to create images with high magnification and
depth of field. Surface details of the rubber at a tear can be characterized to determine if
the tear resulted from a tensile overload, chemical attack, embrittlement, improper manu-
facture, or impact damage. Fracture/tear surface characteristics are often complex and
beyond the scope of this guide, but suitable references are provided in Appendix L.

An example of a solvent-attacked diaphragm is provided in Figure 7-13. In this case,
pores within the rubber have been created when the solvent dissolved and removed the
rubber, leaving behind the inorganic ingredients blended into the rubber compound. In
Figure 7-14, a torn surface of a diaphragm is shown. The “wavy” surface features are
indicative of a tensile overload, and their orientation indicates the direction of tear propa-
gation. For comparison, a cut surface of a diaphragm is shown in Figure 7-15. In this case,
the surface is very planar and free of the patterns shown on the torn surface. In Figures 7-
16 and 7-17, nylon fabric fibers with cut and torn ends are compared. The distinction
between the damage mechanisms is clear and unequivocal in these examples.
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Figure 7-13
Solvent-Attacked Diaphragm, Showing the Porosity

Resulting from Dissolution of the Rubber

Figure 7-14
Surface Details at a Diaphragm Tear



7-34

EPRI Licensed Material

Nuclear Maintenance Applications Guide

Figure 7-15
Surface Details at a Cut in a Diaphragm Surface

Figure 7-16
Nylon Fibers, Showing the Surface Details

Resulting from Cutting Damage during Installation or Handling
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Figure 7-17
Surface Details at the Torn End of Nylon Fiber, Resulting from Tensile Overload

The electron beam used in the SEM has sufficient energy that it causes the sample under
investigation to emit X-rays from its surface. Through the use of an energy dispersive X-
ray spectrometer (EDX), the energy of these X-rays can be measured. Each element
emits X-rays that are characteristic of that element, so the energy can be used for chemi-
cal analysis. This tool is particularly well suited to analysis of inorganic compounds. In
the case of diaphragms, improper blending of clays, zinc oxide, lead compounds, and
others can be easily detected. Combing the X-ray analysis and imaging capabilities of
the SEM, a powerful forensic tool is available that allows inspection for defects and
damage with localized chemical analysis of the same areas.

7.6.2.8 Mechanical Testing

Mechanical testing can be used to evaluate the tensile and elongation limits of the rub-
ber and fibers. This testing is a bit challenging due to the significant dependence on
fiber orientation. The standard “dogbone” samples can be removed from the diaphragm
center and from the interior corner of the diaphragm to compare a flat region with a
highly stressed area. All samples from the interior corner, however, should be punched
such that their gage section is over the interior corner, not the grip section of the
samples. An illustration of this is shown in Figure 7-18.
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Lateral Region

Flange Region

Center Region

Relative Fiber Orientation

Figure 7-18
Location of Tensile Samples for Mechanical Testing

The tensile and elongation values should be considered separately for the two materials.
The first peak corresponds with the maximum tensile strength and elongation of the
fibers. The second peak, or final break of the sample, corresponds to the maximum tensile
strength and elongation of the rubber. For some rubber materials, Neoprene, for example,
the rubber might elongate past the maximum extension of the load frame. In this case, it
would be safe to assume that the rubber has not lost its flexibility due to aging or degra-
dation, and precise values are not necessary. A representative graph showing tensile and
elongation for a Buna-N diaphragm sample is presented in Figure 7-19.
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Figure 7-19
Load vs. % Elongation for Sample from Failed Buna-N Diaphragm and

Non-Used Diaphragm from the Same Manufacturing Date

7.6.2.9 Thickness Profile Measurement

Thickness profile measurements are also recommended to determine the maximum
clamping-induced deformation of the flange edge of the diaphragm. Measurements can
be taken at 0.06 inch intervals on 2-inch-long, narrow radial sections taken from the flange
edge of failed and spare diaphragms for comparative purposes. Limited deformation is
expected from normal usage, but gross deformation indicates that the diaphragm materi-
als and clamping procedures are not compatible. Though the surface of the diaphragm in
this area often looks non-damaged with the exception of some plastic deformation, the
condition of the fibers underneath the rubber, which are the primary source of tensile
strength for the diaphragm, are most likely over-stressed and damaged from the deforma-
tion, which can lead to a rupture and subsequent valve failure over time.

7.6.2.10 X-Radiographic Inspection

Radiographic inspection is a valuable tool for examining the internal structures and
defects for a wide range of materials in a non-destructive manner. In the case of dia-
phragms, though, the X-ray density differences between the rubber compound and
fabric reinforcement are so small that they cannot be effectively distinguished with this
method. Radiographic inspection offers limited internal visualization of large voids and
fabric folds, for example, but long exposures at very low X-ray energy levels are re-
quired. The most effective imaging is obtained using a beryllium X-ray source. X-ray
tomographic imaging has not been shown to offer any significant advantages when
compared to traditional film methods.
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7.6.2.11 Ultrasonic Testing

Limited inspection of the internal condition of diaphragms is possible with ultrasonic
inspection (NDE) methodology. In particular, areas of debonding between the rubber
and fabric can be detected using reflectance methods. Samples must be immersed in
oxygen-free water and coaxial transducers offer optimum results. References on this
subject are provided in Appendix L.

7.6.3 Interpretation

All of the results from the above test methods should be considered in the context of the
application and the environment. It would be wise to perform many of these tests on
incoming diaphragms to have base-line data readily available in the event of a failure
and to serve as a method for comparing different diaphragm materials and construc-
tions prior to placing them in service. All numbers should not be considered absolute
because the material properties will change with compound formulation, cure condi-
tions, and degree of crosslinking. All crosslinking reactions are performed with an
intended range of final values because precise control is nearly impossible to attain. A
difference of a few percentage points in degree of cure is to be expected and should not
be considered an indication of a defect or flaw.

Table 7-3 presents a summary of typical failure mechanisms and associated potential
causative factors for typical AOV soft parts. This table has been prepared as a guide and
is best used in conjunction with suitable references, such as those listed in Appendix L.
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Table 7-3
Summary of Representative AOV Soft Parts Failure Mechanisms

Symptoms                                                 Possible Causes

Excessive deformation at periphery Over-clamping, excessive operating temperature,
under-cured rubber, oil exposure, solvent exposure

Crazing at outer edge of diaphragm Ambient solvent exposure, excessive ambient
temperature, conventional thermal aging,
inappropriate operating temperature, severe over-
clamping

Embrittlement and "flaking" at periphery Thermal degradation, solvent attack, radiation
damage, extended aging

Wrinkling or lack of flatness Improper original storage, improper molding,
distorted installation, over-pressurization, adverse
oil or solvent interaction

White surface deposit Dried silicone grease, "blooming" of antioxidant
from bulk rubber to surface

Yellowish, waxy surface deposit Migration of processing waxes, acid, or other
processing aid migration

"Twisted" appearance Center bolt tightened improperly, transferring
torque through diaphragm

"Ballooning" of diaphragm Improper cure, extended high temperature
operation, loss of fabric support

"Blisters" in rubber Improper manufacture, solvent attack

Crazes on surface Thermal damage, solvent attack, improper
material for condition, aging

Circumferential tear along flange edge Over-tightening, over-pressurization

Axial tear Over-pressurization, improper fabric lay-up,
improper clamping force at flange

Compression damage non-uniform along                Over-tightening of the bolts
flange edge

Rust stains Corrosion caused by chlorides from the rubber
interacting with the housing, other corrosion
sources such as moisture or chemicals

Rust particles Can cause impingement into the rubber affecting
leak tight seal

Eccentric bolt holes Non-uniform clamping

Reduced pliability of rubber Excessive operating temperature

Fabric visible from rubber layers Poor alignment during molding (in some cases
where uniform, this is by design)

Badly distorted center profile Improper installation (upside down in actuator),
improper cure, severe solvent or oil attack
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7.7 POTENTIAL FAILURE MECHANISMS

There are a number of mechanisms by which AOV diaphragms can be degraded while
in service. Many degradation processes are apparent by visual inspection of the affected
components and by basic considerations of polymer properties and performance char-
acteristics. Others may be more subtle, resulting from unusual environmental condi-
tions, anomalous handling, or problems associated with the product or its processing.
Many of the common failure mechanisms are synergistic and the worst case can result
in a rupture of the diaphragm, rendering the valve inoperable. Table 7-3 provides a list
of the most representative failure mechanisms and typical associated evidence.

Even if a diaphragm shows classical evidence of a particular form of degradation, at the
very least, a visual examination should be conducted to ensure that other factors that
might affect other diaphragms in service did not contribute to the failure. When a failed
component is being examined, attention should not be focused only on the factors that
caused the failure. Instead, having the opportunity to assess a failed diaphragm affords
a parallel opportunity to examine for other degradation mechanisms.

7.7.1 Mechanical Rupture

Diaphragms are typically operated near their mechanical stress limit when pressurized,
as currently designed. The stress distribution is complex and difficult to model precisely
due to the asymmetric properties of the reinforcing fabric. As a result of the high stress
condition, a tear or other significant defect tends to propagate in a non-arresting man-
ner. Tears are typical of what constitutes a failed diaphragm. Other degraded condi-
tions might not be apparent until a valve is dismantled, and then the evidence is discov-
ered upon visual inspection. For example, a diaphragm that contains a crazed rubber
surface still might perform well in service. Testing of an inservice valve might show
some increased leakage under such conditions, but this would only be expected if
crazing propagated through the entire thickness of the diaphragm.

Many ruptures are initiated because of damage associated with installation practices. The
diaphragm shown in Figure 7-20 contains a significant rupture that extends along the
flange edge. This tear has a radial component that extends toward the center of the dia-
phragm. A thorough investigation revealed that a number of types of degradation were
present, but the primary cause of failure was linked to mechanical damage from over-
torqueing of the bolts. This over-stressed the internal reinforcing fabric, leading to the tear.



7-41

EPRI Licensed Material

Air-Operated Valve Maintenance Guide

Figure 7-20
Photograph of a Failed Diaphragm with a Six-Inch Rupture

In some cases, manufacturing defects have been linked to the failures. To determine the
root cause of a rupture, the fracture surface should be visually examined in detail. Much
like fractographic examination with metals, the fracture surface of the rubber can be
examined closely to determine the origin of the fracture, the direction of propagation by
noting features such as striations and shear lips, and the approximate mechanisms by
which it initiated and propagated. If the fracture surface has remained relatively non-
disturbed, determining the origin of the rupture can lead to the discovery of a contami-
nant, defect, or other anomaly that lies at the root cause of the event. This can also give
an indication if the rubber started tearing along the flange edge and bolt holes or closer
to the center of the diaphragm. In some cases, a primary tear is followed by a secondary
tear that occurs as the diaphragm releases and the spring pressure exerts an ever-in-
creasing stress due to the reduction in the remaining intact diaphragm surface area.

The fiber tips of the reinforcing fabric are more difficult to inspect, but scanning electron
microscopy (SEM) is invaluable for examination of the fiber ends to determine the mode
in which the fibers failed. Figure 7-17 is a micrograph showing an example of nylon
fibers that have failed due to a tensile overload. The ends are characteristically elon-
gated and necked to a thinner diameter. The fracture surface is typically oriented on a
45° angle with respect to the fiber axis because this is the plane of maximum shear
stress. Elongation of the fiber tips is a function of the type of reinforcing fabric and the
extent to which it is pre-drawn. Unfortunately, variations from diaphragm to dia-
phragm have been considerable.

Reinforcing fabric is woven from fibers that have typically been pre-drawn to some
extent, to limit their deformation under load. If not drawn, the diaphragm would plasti-
cally deform under load, leading to impeded stroke performance. The extent of prior
drawing of the fibers affects their appearance under conditions of a tensile overload. In



7-42

EPRI Licensed Material

Nuclear Maintenance Applications Guide

virtually all cases, some elongation is expected, producing at least limited necking
adjacent to the fracture surface. This is the case for fabrics made with nylon, rayon, and
Dacron. For aramid-type materials (Nomex and Kevlar, for example), elongation is
severely limited by the inherently low extension limit of these highly oriented poly-
mers. In all cases, though, a fiber tensile overload produces a fracture surface with
characteristics very similar to those shown in Figure 7-17.

Tensile overloads can result from a variety of conditions. In most cases, this is not a
bulk problem, but a localized process that results from conditions where the stresses
have been concentrated for any of a number of different reasons. The most likely of
these are:

• Wrinkling of the fabric within the diaphragm, leading to non-uniform stress distri-
bution

• Shear-induced separation of the fabric from within the diaphragm, especially along
the flange edge, aligned with the bolt holes

• Biased alignment of the fabric during molding

• Excessive clamping pressure

• Over-pressurization of the AOV due, for example, to an air pressure regulator failure

• Localized weakness in the fabric due to a weaving defect

• Localized weakness in the fabric due to prior physical damage

• Incomplete coverage with fabric reinforcement

Figure 7-16 is an example of fibers that were cut prior to failure of the associated dia-
phragm. The ends exhibit a pattern of uniform lengths where they protrude from the
diaphragm surface. These are free of fractographic detail and of uniform diameter along
the length of the fiber and at the surface immediately below the free ends. It is evident
that rubber has been molded over the cut ends suggesting that this damage was present
before the molding process. A defect of this type is very unusual and difficult, if not
impossible to detect using non-destructive methods. Analysis for this condition after the
fact, though, is reliable. Damage of this type would result from improper trimming of
the fabric during diaphragm component assembly.

Brittle fracture behavior can be expected under unusual aging conditions. Thermal
aging, as discussed in Section 7.7.5, can lead to oxidation of the fabric under extreme
circumstances. Oxidation greatly reduces the elongation limit and tensile strength of
most polymers. As a result of such degradation, brittle behavior of the fibers could be
anticipated. Fracture surfaces of embrittled fibers would exhibit no necking, planar
fractures that are oriented transverse to the fiber axis, and a surface that exhibits glassy
or nearly featureless surface details.

It is important to note that examination of the surfaces of only a few fibers could be
misleading in a root cause analysis. For any given length of diaphragm fracture surface,
there may be hundreds of torn fibers. It is imperative that the fracture origin be first
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identified so that appropriate attention can be directed to determining how the fracture
initiated. Inspection of a representative population of fibers in this area is essential.

7.7.2 Compression Damage

Some forms of degradation lead to non-catastrophic near-term damage, but over time
the weakened diaphragm materials might propagate a rupture. Compression damage,
for example, rarely renders the diaphragm non-functional, but it does place significant
additional stresses on the fibers and tends to cause them to pull away from the rubber
matrix and leave non-reinforced areas near the bolt holes and other critical surfaces, as
shown in Figure 7-21.

Figure 7-21
Photograph of Exposed Fibers near a Bolt Hole Showing the Fiber Pull-Out

Cyclic loads can also contribute to the progressive failure of individual, highly stressed
fibers in critical locations, especially when compressive loads are very high, resulting in
reduced protection of the fabric. A significant reduction in thickness could also lead to
leakage or difficulties with the fit of the flange edge. Figure 7-22 shows a diaphragm
that has been significantly compressed during service. The edge of this diaphragm no
longer has a continuous arc, forming instead a scalloped outer edge profile. The rubber
has been extruded in the less constrained areas between the bolt holes.
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Figure 7-22
Photograph of a Severely Compressed Diaphragm, Removed from Service after Failure

A view of the bolt holes on the same diaphragm is presented in Figure 7-23. The rubber
has apparently been extruded out of the plane of the flange and into the bolt holes. This
type of gross deformation is further quantified in Figure 7-24. This graph compares the
radial thickness profile for a damaged diaphragm flange edge and a spare diaphragm of
the same materials and vintage that has not been placed into service. The diaphragm
has been compressed so severely that the raised rubber ridges that are used to guide the
placement of the diaphragm in the housing are nearly indistinguishable and have been
extruded away from their original location.
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Figure 7-23
Photograph of Bolt Holes on a Severely Compressed Diaphragm, Showing the

Extrusion of Rubber between the Threads

Figure 7-24
Comparative Thickness Profile Measurements for a Diaphragm Removed from Service

and a Non-Used Diaphragm
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Excessive compression damage typically results from any of the following conditions or
combinations thereof:

• Excessive clamping force during assembly

• Re-tightening of bolts to combat leaks

• Extended operation at elevated temperature

• Softening of elastomer due to oil or chemical exposure

• Softening of elastomer due to lubricant contact or solvent cleaning

• Improper curing of diaphragm material

• Housing bolts that have been changed with replacements containing reduced thread
pitch; prior torque settings result in excessive clamping pressure

• Inappropriate housing bolt torque specifications applied

• Asymmetric tightening of housing bolts

• Use of incorrect torque scale

7.7.3 Solvent Exposure

Chemical degradation typically involves exposure of the rubber to an aggressive sol-
vent. Solvents that can cause significant degradation of diaphragm materials need not
“smell strong,” nor must they be flammable or particularly volatile to cause problems.
Misconceptions abound, suggesting that exposure to any solvent or alcohol spells
disaster, but this is clearly not the case. Solvent exposure causes significant harm if it
chemically attacks the polymer and/or its additives and if it is absorbed within the
polymer to a depth sufficient to cause bulk degradation. Some solvents and chemicals
are particularly harmful to most types of rubber diaphragm materials. Table 7-4 is a
listing of materials potentially hazardous to diaphragms that could be expected to be
found in the plant environment. Listed with each are common sources of the corre-
sponding material.

Questions of adverse chemical interactions for specific plant materials can be answered
in part by consulting suitable references, as indicated in Appendix L. As previously
noted, formulation details vary with the manufacturer, so it is recommended that tests
be conducted on actual materials. A used or sacrificed spare diaphragm, cut into strips,
is particularly well suited for the assessment of chemical or solvent interaction. Chemi-
cal attack is indicated with swelling and/or weight gain or loss. Exposure for 24 hours
is recommended, and moderate temperature acceleration can be used to provide a near-
term indication of potential adverse interactions.

It must be cautioned that thermal acceleration above 60°C could provide misleading
indications, because the polymer structure changes at this level. It is also wise to pay
attention to the specific flash point of many chemicals before heating them because
many are quite volatile.



7-47

EPRI Licensed Material

Air-Operated Valve Maintenance Guide

Table 7-4
Sources and Types of Plant Chemicals and Solvents Potentially Harmful to
Diaphragm Elastomer Materials

Solvent/Chemical Typical Sources

Methylene chloride Paint stripper, degreasers

Acetone Paints, paint strippers, cleaning materials

Denatured alcohol Cleaning solvents

Xylene Cleaning materials, plastic cements, adhesives

Methylethyl ketone (MEK) Paint stripper

Toluene Paint stripper, plastic cements, adhesives

Sodium hypochlorite ("chlorine") Bleach, water antifoulant

Cyanoacrylate esters Non-cured "Loctite" materials, "super glue," thread-
locking materials

Light aromatic oils Penetrating oils, "utility" spray lubricants

Hydrazine Feedwater polishing

Ammonium hydroxide Feedwater polishing

Stearic acid Penetrating oils

Solvent attack of elastomers typically leaves a definitive “fingerprint,” useful for foren-
sic examination purposes. Following attack by an aggressive solvent, the rubber is
dissolved, leaving behind a network of loosely bonded filler particles. This process is
self-propagating because it creates additional surface area of exposed rubber to attack
as shown in the SEM micrograph in Figure 7-13. The attacked areas are typically found
within and along the edges of small, thin cracks known as crazes. The crazed areas are a
network of linked cracks that form in the rubber and are most easily visible when the
diaphragm is bent or flexed. In mild cases, it is difficult to see the crazes without flexing
the diaphragm, while in others they are readily visible from the surface as shown in
Figure 7-25. Crazes usually run perpendicular to the direction of maximum stresses;
therefore, they typically run radially around the circumference of diaphragms in the
event of solvent exposure and are most pronounced along the interior corner.
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Figure 7-25
Photograph of Crazed Surface of a Section of an OV Diaphragm

Removed from Service during ISI

Solvent attack of the reinforcing fabric would not be expected following exposure to
anything with the exception of sustained immersion in any solvent found in the plant
environment. Due to the protection inherently provided by the over-molded rubber,
such damage would be unlikely.

7.7.4 Lubricant Interaction

Lubricant interaction mechanisms will be discussed in detail in Section 7.8. Although
lubricants are not recommended for use with AOV diaphragms, in some cases lubricants
are used or inadvertently come into contact with AOV diaphragms due to migration from
other components, spills, or other sources. Silicone lubricants have been inappropriately
applied in some cases as an aging preventive treatment. Depending on the chemical
formulation of the lubricant and rubber compound, swelling, crazing, embrittlement,
dissolution, shrinking, and discoloration are all potential forms of damage that can occur.
Environmental factors, such as temperature and mechanical stress, also affect the severity
of lubricant interactions with the rubber. Reinforcement fabrics are immune to degrada-
tion caused by lubricants that would be found in plant environments.

7.7.5 Thermal Degradation

Polymeric components experience thermal degradation at much lower temperatures
than most metals. Oxidation can take place at temperatures as low as 100ºC for some



7-49

EPRI Licensed Material

Air-Operated Valve Maintenance Guide

polymeric materials. The rubber portion of most diaphragms is designed to withstand
temperatures up to 140ºC and sometimes higher, but ambient temperatures in some
areas of a power plant can be far greater than the oxidative stability of the part over
prolonged periods. Oxidative stability is both time- and temperature-dependent. There-
fore, periodic temperature excursions can sometimes be tolerated, but extended expo-
sure eventually leads to degradation.

Figure 7-26 is an SEM micrograph of the surface of a diaphragm that bonded to the
flange during service due to excessive thermal exposure. Other indications of thermal
degradation are embrittlement and the formation of surface residues. Embrittlement
severely reduces the flexibility and compression set resistance of the diaphragm. A
surface film indicates that one of the components of the formulation, such as a low
melting point processing aid like polyethylene wax, has migrated to the surface of the
component. For AOV diaphragms, the surface film itself does not present any signifi-
cant concerns, but its presence suggests that more serious problems will arise and the
condition of the diaphragm should be evaluated.

Figure 7-26
SEM Micrograph of a Diaphragm Surface Damaged by Thermal Degradation, Showing

the Texture of the Flange Surface

In some cases, diaphragms have been noted to become sticky following service aging.
Often, this is attributed to oil exposure. While this might be correct in limited cases, it
should be verified by chemical extraction and appropriate chemical analysis so that its
source can be identified and corrected. Most commonly used instrument air compressor
oils do not cause diaphragm materials to become sticky. It is also unusual for oils to
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survive through dryers, dehumidifiers, and the tortuous air line path leading from the
compressor to the valves.

Thermal aging at temperatures well below the level necessary for oxidation can lead to
diffusion of certain processing aids, internal lubricants, and plasticizing agents to the
surface of the elastomer. When these migrate to the surface of the diaphragm, they
concentrate at the surface, causing it to become over-plasticized. Typical examples of
such plasticizing agents would include stearic acid, aromatic oils, phthalate esters, and
montan wax. The scenario of surface plasticization is illustrated in Figure 7-27. In gen-
eral, diaphragms should be formulated in the absence of processing aids that are subject
to such migration, since elevated temperature exposure can be anticipated for many
systems on which AOVs serve.

plasticized polymer

plasticized polymer

tacky surface results from
over-plasticization

thermal aging (40˚ – 60˚  C)

plasticizer migrates to surface

Figure 7-27
Illustration of Plasticizer Migration from within the Bulk Elastomer, Concentrating at

the Surface Following Thermal Aging

Thermal damage to the reinforcing fabric is rare because the materials generally used
are more thermally tolerant than the overlying elastomer. One exception, under un-
usual circumstances, applies to nylon. Nylon normally absorbs approximately 4 weight
percent of water. This acts as an internal lubricant, effectively plasticizing the polymer.
In the absence of this moisture, nylon becomes embrittled. This is one reason that nylon
is not relied on for impact-resistant components in refrigerators or vacuum systems. In
the case of a diaphragm application, moisture loss is limited by the overlying rubber
and also by the inherent moisture found in storage conditions and in valve air systems.
At elevated temperature, combined with very dry conditions, embrittlement could be
expected following very long service intervals. All other current reinforcement materi-
als are immune to this process.
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7.7.6 Delamination

Delamination of the rubber and fiber layers is usually the result of a combination of
factors. The fibers can be separated from the rubber matrix through a mechanical disrup-
tion, such as drilling bolt holes instead of punching, as shown in Figure 7-12. The rubber
also separates from the fibers if it has been significantly chemically altered. If the rubber is
embrittled due to thermal exposure, for instance, it might pull away from the fibers if it is
flexed during valve actuation. This is the result of mechanical stress concentration at the
interface caused by the reduced modulus of the embrittled elastomer. Shrinkage of the
rubber because of some types of lubricant exposure can have a similar effect.

The most common cause of delamination is improper molding of the diaphragm. An
effective mechanical/chemical bond is achieved when the elastomer is caused to flow
into and permeate the fabric weave. Eventually, the elastomer from either face of the
diaphragm should permeate through the fabric, forming a fully bonded structure. This
requires that the molding pressure be applied in a consistent manner, early in the mold-
ing process before the elastomer begins to crosslink (cure). Once cured, the elastomer
cannot be caused to flow into the fabric. Failure to achieve adequate bonding can result
in delamination in service. Other causes of delamination include contamination of the
fabric, exposure of the fabric to mold release agents (such as silicone oil), excess mois-
ture on the fabric, and cycling of diaphragms under extremely cold conditions.

7.8 LUBRICANT INTERACTION WITH POLYMERIC COMPONENTS

This topic has been briefly addressed in previous sections, but will receive a more in-
depth treatment because of the recent concerns with lubricant interactions. Few lubri-
cants are used in conjunction with AOV diaphragms, but O-rings, gaskets, and seals are
frequently exposed to lubricants in service. Although some lubricants are applied to
elastomeric components by design, others come in contact with elastomers through
spills, leaks, inappropriate application during assembly, or other inadvertent contact.
The air stream flowing through AOVs and vapors from materials on neighboring com-
ponents can also result in contact, although this would be an unusual condition.

Lubricants that intentionally come into contact with elastomeric components are typi-
cally used for sliding contacts, for adhesion prevention in clamped parts or pressure
vessel applications, or as a sealing aid. They are sometimes used as barrier coatings for
applications such as chemical processing equipment and tracking prevention on electri-
cal components. Lubricants are thought to offer a simple way to promote lifetime exten-
sion of parts by reducing friction and wear on metallic components, but their effect is
often the opposite for many elastomers.

Much like the generic treatment of base resins for compound systems discussed in Section
7.1, many lubricants are known by generic names such as silicones, lithium grease, hydro-
carbon grease, and others. These names actually represent a large family of available
products with very different chemical structures. Silicone greases, for example, consist of
methyl-, phenyl-, or phenyl methyl-silicone oil, thickened by the addition of silicon
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dioxide powder. Because the elastomers themselves represent a variety of formulations as
well, it is difficult to generalize their response to lubricant exposure. To the extent pos-
sible, this section briefly reviews common lubricant formulations, their interaction with
representative elastomers, and suggestions on lubricant selection.

7.8.1 Common Lubricants in Plant Applications

A wide variety of lubricants is widely used in power plants. They are provided as
liquids, pastes/gels, sticks, sprays, and dry powders. The most common lubricants are a
number of hydrocarbon grease formulations. These products are made with natural,
synthetic, or complex hydrocarbons, depending on the required function and tempera-
ture stability. Some are supplied with metallic soaps, based in lithium or molybdenum.
Hydrocarbon oils are also from the same basic family and can be purchased in natural,
synthetic, and complex forms as well. Many other lubricants are provided as suspen-
sions, such as graphite in oil or water, molybdenum disulfide in mineral oil, or organics
suspended in light synthetic oils. Dry lubricants are often supplied in an alcohol sus-
pension to aid with dispersion and application. These typically consist of
microparticulate Teflon or other fluoropolymers that form a temporary lubricating film.

7.8.2 Degradation Mechanisms

Adverse effects of polymer/lubricant interactions are manifested in varying degrees of
severity. In some cases, some damage is induced through limited swelling, increased
tackiness, and reduced static and dynamic friction. These forms of degradation impair
the performance of the polymer to a small degree, but in most cases do not cause imme-
diate loss of functionality. Moderate damage, such as significant swelling, increased
tackiness, decreased recovery, and plastic deformation, can also be present after pro-
longed interaction or in the case of a more incompatible combination of materials. In
extreme cases, shrinkage of the part, gross plastic deformation, crazing, discoloration,
and dissolution can result. Significant damage of this nature results in a loss of function
of the seal, diaphragm, or other component in nearly all cases. An elastomer in this
condition often bonds to adjacent surfaces, ruptures, breaks, and/or loses its sealing
capabilities altogether. There are a number of mechanisms by which lubricants can
degrade polymers. These are dependent on the formulation of both materials and, in
some cases, can be aggravated by the service environment.

Solvolysis refers to the dissolution of the non-crosslinked portion of the polymer. In this
case, some component of the lubricant formulation would act as the solvent. This typi-
cally leads to the shrinkage of the elastomeric component, increased stiffness, cracking,
and decreased elastic recovery. These detrimental characteristics are provided by the
presence of the rubbery non-crosslinked polymer that is compromised by dissolution in
the solvent.

Some lubricants are absorbed by the polymer, causing the component to swell. This
often results in decreased hardness, reduced modulus of elasticity, and reduced tensile
strength. Spontaneous compression fractures can also result because the polymer has
been expanded by the swelling. In most cases, this change is permanent, and although
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some lubricant remains on the surface of the part, the amount contained within the bulk
of the elastomer does not significantly dissipate over time.

In some cases, after the lubricant has been absorbed by the polymer, it serves as an
internal lubricant to the component. This causes limited swelling, but often leads to
decreased modulus of elasticity and tensile strength. Increased surface tack can also
cause the affected component to stick to adjacent surfaces. In some cases, the internal
lubricant can actually increase the life of the component depending on the application.
Internal lubricants, such as stearic acid or zinc stearate, are used to aid the
processability of elastomeric components.

From a given compound, a particular lubricant might attack only one ingredient in the
formulation. This is referred to as selective extraction. The antioxidant, processing
waxes, plasticizer, or other additive from a formulation can be selectively removed,
leaving behind all other materials. Depending on what types of additives were re-
moved, the damage from this process ranges from inconsequential to devastating. In
most cases, this results in embrittlement of the part and causes a loss of resistance to
permanent set and decreased overall modulus.

Many lubricants are compounded materials. Various chemical additives that were used
to give the lubricant a certain property such as temperature stability, penetration capa-
bility, decreased surface tension, or other physical properties, can deteriorate elasto-
meric components on contact. Penetrating lubricants, which are frequently in the form
of organic acids combined with light oils, oxidize and/or dissolve many elastomers.
Chlorinated hydrocarbon greases could soften many polymers while aliphatic esters,
which are used as thread sealants, can plasticize some components.

7.8.3 Polymer/Lubricant Compatibility Screening Tests

Rather than take a risk, especially for a widely used component, a quick screening test
for compatibility is recommended to reduce the possibility that surrounding lubricants
will degrade a diaphragm, seal, or other component. To prepare a sample for this test,
two sections of the elastomer should be removed. These should be pieces from the
actual component, because a “representative” piece of Neoprene or other polymer from
another application might not have the same compound formulation. Even if a “Viton”
seal from one supplier appears to be highly compatible with a certain silicone lubricant,
seals from a new supplier should also be tested due to potential formulation differences.
Testing might not be practical or necessary for every soft part in the plant, but for areas
where problems have been noted or for critical applications, this could prove quite
useful in determining corrective actions or outlining recommended installation and
maintenance procedures.

When a sample has been selected, the elastomer surface should be cleaned with a dry,
clean cloth that has not been used with cleaning solvents or other chemical substances.
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One sample should be maintained as a reference that is subjected to the same environ-
mental conditions but is not exposed to any lubricants. Place some lubricant on the
second sample of the elastomer and heat both samples for as long as possible at 60ºC,
depending on how much time is available. If the component’s service environment is
exceptionally hot, it is recommended that the samples be tested at the expected service
temperature. Examine the sample surface for indications of interaction with the lubri-
cant. If the lubricant obscures the sample surface, wipe it clean with a dry cloth.

Different responses to the lubricant can provide clues to the nature of any adverse
interactions that are observed. This information can be used in the appropriate selection
of alternate lubricants if the first proves unacceptable. Swelling indicates lubricant
absorption. Color changes and crazing suggest chemical interaction, but only a surface
change, such as the presence of a residue, would suggest selective extraction of only one
component of the formulation. A color change in the lubricant also suggests chemical
interaction or extraction. Blistering or wrinkling of the polymer surface suggests an
aggressive solvent attack.

It is also possible to independently evaluate the generic response of lubricants to differ-
ent environmental conditions to determine the applications for which they would be
best suited. Start by reading the labels to note any manufacturer’s warnings or recom-
mendations. If they put it in print, it is probably a serious concern. Warnings about
flammability for systems that use a propellant to facilitate a spray should be considered
in all situations. Direct contact with the manufacturer can often yield significant engi-
neering application and performance data.

The person conducting the test should remove a small sample of the lubricant from its
packaging and rub it between their fingers. Strong odors indicate that volatiles are
present. In many cases, this is an indication that the lubricant will not offer long-term
stability. If the fingers feel slippery after removal of the lubricant, this is consistent with
many silicones. A gritty-feeling lubricant should not be used for sealing applications
because the small particles create a leak path in most situations.

Other tests can be performed using any oven that has a reasonably low operating range.
Place a small amount of the lubricant on a piece of filter paper to monitor the “bleed.”
This can first be performed at room temperature and then checked at a slightly elevated
temperature around 60ºC. If the lubricant separates or “bleeds” and creates a stain
around itself, this shows a phase separation of the materials present. This could indicate
a potential for migration of the lubricant in service and inconsistent performance over
time. To determine a lubricant’s properties for an elevated temperature application, a
measured weight of the lubricant can also be placed in a glass dish of a known weight
and placed in an oven. The weight loss versus time and temperature can be monitored
to determine if the lubricant offers sufficient stability between regular maintenance for
the component. The temperature of the intended environment can be used as the basis
for this test, with an increase of 10ºC to accelerate the process.
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7.8.4 Physical Considerations

Some lubricants consist of solid lubricating particles, suspended in a light oil, solvent,
or water, for example,graphite lubricants, which are formulated with a dispersant and
solid, milled graphite particles. In Figure 7-28, the surface of a diaphragm is shown after
exposure to a popular graphite type of lubricant. It can be seen in this view that the
sealing surface would be “bridged” by the high population density of graphite particles,
thus compromising the sealing function. All dry and particulate lubricants should be
avoided in contact with elastomers for sealing applications.

Figure 7-28
View of Graphite-Type Lubricant Film on the Surface of an

AOV Diaphragm after Drying

7.8.5 Recommendations

Establish a preferred list of simple lubricants that have been tested by plant personnel
or trusted sources. For example, choose one high purity hydrocarbon grease, silicone
oil, polyvinyl alcohol, stable silicone grease, and non-solvent silicone spray. During
selection, pay careful attention to the material safety data sheets (MSDS) to look for any
warning signs of instability or unwanted product additives. Try to avoid general pur-
pose spray lubricants because many of these are not only dangerous to polymers but are
also flammable. For some sealing applications, try a more highly plasticized rubber
component or an elastomeric gasket sealant, instead of greases.
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APPENDIX A
GLOSSARY

actuator. A device that changes the flow through a control valve in response to a pneu-
matic or electronic input signal.

actuator, pneumatic piston. An actuator with a piston and cylinder assembly in which
the movement of the piston is controlled by changes in air pressure. Pneumatic piston
actuators are divided into three types of construction: double-acting (springless) has the
loading pressure connection ports at the top and bottom of the cylinder; spring-bias
(spring) is essentially a double-acting actuator with a spring added; spring-return
(spring) has an internal spring but only one loading pressure connection port.

actuator, spring and diaphragm. A pneumatically operated compressible fluid- (usu-
ally air) powered device in which the fluid acts upon a flexible member, the diaphragm,
to provide linear motion to the actuator stem.

actuator force. The amount (pounds) of force that a sliding stem actuator is capable of
applying to the positioning of an end use component.

actuator lever. A lever used with rotary shaft valves to convert linear motion (thrust)
into rotary motion (torque).

actuator response. The speed or accuracy with which an actuator responds to an
input signal.

actuator stem. In sliding stem valves, an extension of the piston rod that permits
convenient connection to the valve stem.

actuator torque. The foot-pounds of torque that a rotary actuator is capable of apply-
ing to the positioning of an end use component. It is usually discussed in terms of
breakout torque, (overcoming internal valve friction, and seating or unseating a valve’s
closure member) and dynamic torque, (the throttling of a rotary valve).

actuator/valve stability. A measurement of an actuator’s ability to maintain the closure
member in a given position.

amplifier. A component that allows an input signal to control a power source that is
independent of the signal.
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ball, full. The flow-controlling member of a rotary shaft control valve that consists of a
sphere with a flow passage through it.

ball, v-notch. The flow-controlling member for a popular style of throttling ball valve.
The V-notch ball includes a polished or plated partial-sphere surface that rotates against
the seal ring throughout the travel range. The V-shaped notch in the ball permits wide
rangeability.

beam. The summing point of a control valve positioner.

bellows. A flexible cylinder that expands or contracts to convert pressure to force or
motion. Often used in positioners to position the beam.

bench set. A specification that is used to verify proper actuator operation. Bench set is
expressed as the pressure range from the start of the actuator stroke to the valve’s rated
travel.

block valve.  An isolating valve, often a butterfly valve, used to create a bypass around
the control valve. A bypass is frequently created so that service can be performed on the
control valve without shutting down the process.

Bode plot.  A plotting technique in which dynamic attenuation and phase shift of an
element are shown as a function of frequency.

bonnet.  A pressure-retaining component that can guide the stem and contain the pack-
ing box and seal.

bonnet assembly.  An assembly including the part through which a valve plug stem
moves and provides a means for sealing against leakage along the stem. It usually
provides a means for mounting the actuator.

breakout torque.  The portion of the total operating torque that is attributable to friction
in the packing and bushings, and between the valve closure member and the seal.

cage.  A hollow cylindrical trim element that guides the movement of a valve plug. The
cage can also retain the seat ring in the valve body. The walls of the cage have openings
that determine the flow characteristic of the control valve.

cage-guided valve.  A type of valve that uses a cage for plug guiding and alignment.

calibration.  The act of adjusting the output of a device so that it corresponds to the
value of the input of the device. In positioner calibration, zero, span, and crossover
(balance) pressure are the primary calibration adjustments.

capacity.  The rate of flow through a valve under stated conditions.

cavitation.  In liquid service, the noisy and potentially damaging phenomenon that
accompanies bubble formation and collapse in the flowstream.
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closed loop control.  Pertaining to a system with a feedback type of control, such that
the output is used to modify the input.

closure member.  A moveable part of a valve that is positioned in the flow path to
modify the rate of flow through the valve.

control valve.  A power-operated device that modulates the fluid flow rate in a process
control system. It consists of a valve connected to an actuator mechanism that is capable
of changing the position of a flow-controlling element in the valve in response to a
signal from the controlling system.

controller . A device that operates automatically to regulate a controlled variable.

corrosion . The damaging effects of hostile media on control valve components result-
ing from material incompatibility.

cross head.  The component joining the actuator shaft to the valve stem.

deadband . The range through which input can be varied without initiating an observ-
able response.

diaphragm . A flexible member capable of producing an output in force or motion in
response to a pneumatic input signal.

direct-acting actuator.  An actuator in which the actuator stem extends toward the
control valve in response to an increasing input signal.

direct-acting positioner.  A positioner that provides increasing output pressure in
response to an increasing input signal.

double-acting positioner.  A positioner that has two relays, typically used with double-
acting and spring-bias actuator designs.

disk, balanced.  A butterfly valve disk contoured to balance flowing fluid forces and
pressures along the disk surface during use. This design reduces actuator torque re-
quirements during throttling.

disk, conventional. The flow-controlling member used in the most common varieties
of butterfly rotary valves. High dynamic torques normally limit conventional disks to
60-70 degrees maximum rotation in throttling service.

disk, eccentric.  Commonly referred to as a high performance butterfly valve (HPBV).
See high performance butterfly valve.

dynamic attenuation. The reduction of gain that results from the inability of a device to
respond to inputs of increasing frequency. A decrease in signal between two frequencies.



A-4

EPRI Licensed Material

Nuclear Maintenance Applications Guide

dynamic response. The response characteristics of an element, including phase shift
and dynamic attenuation, observed as the frequency of the input is varied.

dynamic torque. The torque produced in quarter-turn valves as a result of the forces
produced by mass flow.

elastomer. A rubber-like synthetic polymer, such as silicone rubber. The broad term for
gaskets O-rings, diaphragms, and some packing.

erosion. The damaging effects of gritty or dirty fluids on control valve components.
Erosion is forestalled with hardened materials and with valve designs that separate the
flowstream from critical valve components.

equal percentage characteristic. The inherent flow characteristic which for equal
increments of rated travel, will give equal percentage changes of the flow coefficient Cv.

extension bonnet. A bonnet with a greater distance between the packing box and
bonnet flange for hot or cold service.

fail-closed (FC). A condition in which the valve port remains closed in the event of loss
of supply pressure. See failure, fail mode, and fail open.

fail, mode. The position to which a valve returns on the loss of supply pressure. For
example, in spring-return and spring-bias actuators, the springs permit fail-open or fail-
closed operation.

fail-open (FO). A condition in which the valve port remains open in the event of the
loss of supply pressure.

failure. A condition in which the actuator or position fails to operate through the loss of
supply pressure.

flangeless body. A body style common to rotary-shaft control valves. Flangeless bod-
ies are held between ANSI, DIN, JIS, and other types of class flanges by through bolts.
(Sometimes also called wafer-style valve bodies.)

flashing. A phenomenon observed in liquid service when the pressure of the media
falls below its vapor pressure and does not recover to a higher pressure.

flow characteristic. The relationship between the flow through a valve and the percent
rated travel as the latter is varied from 0 to 100%. This is a special term. It should always
be designated as either inherent flow characteristic or installed flow characteristic.
Common flow characteristics are linear, equal percentage, and quick opening. See
inherent flow characteristic and installed flow characteristic.

flow coefficient, fluid (C v). The number of U.S. gallons per minute of 60˚F water that
will flow through an orifice with a one pound per square inch (psi) pressure drop.
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flow ring. A heavy-duty ring used in place of a ball seal ring for V-notch and full ball
rotary valves in severe service applications where some leakage can be tolerated.

gain. The ratio of the change in an output to the change in an input.

globe valve. A valve style with a linear motion flow-controlling member with one or
more ports, distinguished by a globe-shaped cavity around the port region. Two types
of plug guiding are recognized: cage guided and stem or plug guided.

guide bushing. A bushing in a bonnet, bottom flange, or body to guide the movement
of a valve plug.

hard facing. The process of applying a material that is harder than the surface to which
it is applied. This technique is used to resist fluid erosion and/or to reduce the chance
of galling between moving parts, particularly at high temperature.

hardness. The resistance of a metal or other material to indentation, scratching, abra-
sion, or cutting. Metallic material hardness is commonly expressed by either a Brinell
number or a Rockwell number. (In either case, the higher the number, the harder the
material. For example, a material with a Rockwell “C” hardness of 60 is fairly hard
while one with a hardness of 20 is fairly soft. Elastomer hardness is determined by a
durometer test.)

high performance butterfly valve (HPBV).  The common name for a valve design in
which the positioning of the valve shaft-to-disk connections causes the disk to take a
slightly eccentric path on opening. (This allows the disk to be swung out of contact with
the seal as soon as it is opened, thereby reducing friction and wear.) See disk, eccentric.

high recovery valve. A valve design that dissipates relatively little flow stream energy
due to streamlined internal contours and minimal flow turbulence. Therefore, pressure
downstream of the valve vena contacta recovers to a pressure significantly higher than
the pressure at the vena contacta. (Straight through flow valves, such as rotary-shaft
ball and butterfly valves, are typically high-recovery valves.)

inherent flow characteristic. The flow characteristic when constant pressure drop is
maintained across a valve.

inlet. The body opening through which fluid enters a valve.

input. A particular process quantity or variable that has been identified to be the cause
of subsequent changes in the values or actions of other process values defined as out-
puts.

input signal. A pneumatic or electronic signal sent to a control valve.

installed flow characteristic. The flow characteristic when pressure drop across a
valve varies by the flow and related conditions in the system in which the valve is
installed.
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I/P converter. A transducer that uses current for an input and pressure for an output.
See transducer.

isolating valve. A hand-operated valve between the packing lubricator and the pack-
ing box to shut off the fluid pressure from the lubricator.

leakage. Pneumatic pressure losses in either the actuator or positioner resulting from
defective seals, O-rings, or gaskets; also fluid passing through a valve when the valve is
in a fully closed position under stated closure forces.

leakage, seat. Fluid passing through an assembled valve when the valve is in the fully
closed position under stated closure forces, with pressure differential and pressure as
specified.

limit cycle. A non-linear control loop instability. Can be caused by friction-related
deadband in the control valve.

linear action stem. The spring and diaphragm actuators designed for linear action
valves produce linear force and motion. The actuator stem is connected to the valve
stem by a suitable stem connector, without linkage or levers so there is no loss motion
or dead band. The travel indicator pointer is attached to the actuator stem and the travel
indicator scale is attached to the side of the yoke. Relative position of these two compo-
nents indicate stem position.

linear characteristic. For control valves, a characteristic that produces a percentage of
maximum Cv that is directly proportional to valve stem position as a percentage of full
travel.

linear flow characteristic. An inherent flow characteristic that can be represented
ideally by a straight line on a rectangular plot of flow versus percent rated travel. (Equal
increments of travel yield equal increments of flow at a constant pressure drop.)

linear process. A process in which gain is constant, regardless of load.

low recovery valve. A design that dissipates considerable flowstream energy due to
turbulence created by contours of the flowpath; consequently, downstream pressure
recovery is reduced when compared to high recovery valves. (Although individual
designs vary, conventional globe-style valves generally have low pressure recovery
capability.)

maintenance.  All activities performed on equipment in order to maintain or restore its
operational function (corrective or preventive)

maintenance, condition directed preventive. Actions initiated as a result of equip-
ment condition. Assessment and comparison with defined acceptance criteria. Surveil-
lance tasks, such as inservice inspection (ISI), scheduled monitoring and trending,
coupled with diagnostics are also included in this group of maintenance actions.
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maintenance, corrective.  Activities (diagnose and repair) performed to restore the
functional capabilities of failed equipment.

maintenance, periodic preventive.  Scheduled activities performed on equipment to
reduce the probability of failure. Initiated by periodicities regardless of condition.

maintenance, predictive. Activities performed to assess the status of equipment or
system degradation by the correlation of one or more parameters.

maintenance, preventive. All activities performed on equipment to avoid or reduce
the probability of failure.

manipulated variable. The process input (quantity, property, or condition) that is
adjusted to maintain the controlled variable at a desired setpoint.

measured variable. The physical quantity, property, or condition that is to be mea-
sured, for example, temperature, pressure, flow, level, speed, weight, and so on.

movement arm. In a rotary shaft actuator, the effective length of the actuator lever at a
given point of actuator shaft travel.

mounting. The physical connection of an actuator to a control valve stem or shaft.

non-linear process. A process in which gain changes at different loads or flow condi-
tions.

normally closed control valve (NC). A valve that closes when actuator pressure is
reduced to atmospheric pressure.

normally open control valve (NO). A valve that opens when actuator pressure is
reduced to atmospheric pressure.

nozzle-flapper amplifier. A pneumatic signal amplifier in which changing the position
of the flapper relative to the nozzle results in changes in an output pressure.

outlet. The body opening through which fluid exits a valve.

output. A particular process quantity or variable that has been identified to be the
result of the values or actions of one or more other process values defined as input.

packing. Plastic, elastomer, graphite, or other material used to seal valve shafts and
stems.

packing box assembly. A cavity in the valve body used to seal against leakage around
the valve plug stem or shaft. Included in the complete packing box assembly are vari-
ous combinations of some or all of the following component parts: packing, packing
follower, packing nut, lantern ring, packing spring, packing flange, packing flange
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studs or bolts, packing flange nuts, packing ring, packing wiper ring, and felt wiper
ring.

packing box or bore. A cavity in the valve body used to hold and locate packing rings.

packing lubricator. An optional part used to inject lubricant into the packing box.

phase shift. For a device, the amount of time that an output lags behind an input.

piston. A disk or short cylinder closely fitted in a hollow cylinder and moved back and
forth by the pressure of a fluid or gas so as to transmit motion and pressure to the rod.

plug. The closure member of a globe-style control valve.

plug, eccentric. The flow-controlling member of an eccentric rotary plug valve. Be-
cause of its eccentric action, it clears its seat soon after opening.

pneumatic. Pertaining to or operated by air or other gas.

port.  A fixed opening, normally the inside diameter of a seat ring, through which fluid
passes.

positioner. A device that compares the actual actuator position with the desired posi-
tion with respect to an input signal and adjusts actuator loading pressure until the
desired position is attained. The desired position has a predetermined relationship to
the input signal.

pressure drop. The difference between upstream pressure and downstream pressure
that represents the amount of flowstream energy that the control valve must be able to
withstand.

pressure drop, maximum allowable. The maximum flowing or shutoff pressure drop
that a control valve can withstand. While maximum inlet pressure is commonly dic-
tated by the valve body, the maximum allowable pressure drop is generally limited by
the internal controlling components (liner, disk, shaft, bearings, seals). The maximum
allowable pressure drop may apply to the pressure drop while flowing process fluids
are at shutoff.

process gain (static). The ratio of the magnitude of change in the process variable to
the magnitude of the change in input.

push down to close construction (PDTC). A valve construction in which the valve
plug is located between the actuator and the seat ring, so that an extension of the actua-
tor stem moves the valve plug toward the seat ring, closing the valve.

push down to open construction (PDTO). A valve construction in which the seat ring
is located between the actuator and the valve plug, so that an extension of the actuator
stem moves the valve plug away from the seat ring, opening the valve.
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quick-opening. A characteristic that, for equal changes in stem position, provides a
large change in Cv at low lifts and smaller changes in Cv at high lifts.

quick opening flow characteristic. An inherent flow characteristic in which there is
maximum flow with minimum travel.

rangeability. The ratio of maximum to minimum flow within which the deviation from
the specified inherent flow characteristic does not exceed some stated limit.
Rangeability is expressed as the ratio of the maximum flow coefficient to the minimum
usable flow coefficient of a control valve.

rated C v. The value of Cv at the rated full-open position.

recovery. A relative term used to describe how much flowstream pressure is reduced
due to the design of the control valve; the ratio of maximum (valve fully open) down-
stream pressure to upstream pressure. See high recovery valve and low recovery valve.

regulator, air.  Regulates supply air pressure to a preset value.

relay, pneumatic. A pneumatic power amplifier in which changes in input pressure
result in changes in the position of exhaust and supply valves that control a separate
supply pressure.

reliability centered maintenance. A maintenance plan based on identifying equip-
ment or systems that have functional failures. The plan uses the failure population to
develop or revise preventive maintenance programs.

retaining ring. A split ring that is used to retain a separable flange on a valve body.

reverse-acting actuator. An actuator construction in which the actuator stem retracts
away from the control valve with increasing diaphragm pressure.

rod, actuator. Transmits force from the piston cylinder to the actuator lever in actua-
tors used with rotary shaft control valves.

rotary-shaft control valve. A valve style in which the flow closure member (full ball,
partial ball, or disk) is rotated in the flow stream to modify the amount of fluid passing
through the valve.

saturation. The point in an operating range at which a change in input no longer causes
an output change.

seat. That portion of the seat ring or valve body that a valve plug contacts for closure.

seat load. The contact force between the seat and the valve disk, ball, or plug. (In
practice, the selection of an actuator for a given control valve is based on how much
force is required to overcome static and dynamic unbalance with an allowance made for
seat load.)
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seat ring. A piece inserted in a valve body to form a valve body port. It is a seating
surface for the closure member.

separable flange. A flange that fits over a valve body flow connection. It is held in
place by means of a retaining ring. When conditions dictate the use of expensive alloys
for valve bodies, these flanges can be manufactured from less costly materials.

setpoint. The desired value for the controlled variable. The setpoint is an input variable
that can be manually or automatically set and is expressed in the same units as the
controlled variable, for example, degrees F, standard cubic feet/hour (SCFH), psig. etc.

shaft. The portion of a rotary-shaft control valve assembly corresponding to the valve
stem of a globe valve. Rotation of the shaft positions the disk or ball in the flowstream
and, thereby, controls the amount of liquid that can pass through the valve.

shim seals. Thin, flat, circular metal gaskets used in varying numbers to adjust seal
deflection in some ball valves. Increasing the number of shim seals used reduces the
amount of seal deflection; reducing the number of shim seals used increases the amount
of seal deflection.

single-acting positioner. A positioner with only one relay, typically used with spring-
return actuator designs.

sliding stem control valve. A valve construction style in which the valve closure
member (plug) moves in a linear path.

span adjustment. The calibration procedure that establishes the control valve position
desired when the input signal is at the maximum value of the input signal range.

split range. A technique in which one controller is used to operate to final control
elements.

static gain. The ratio of change of steady-state output to a change in input.

static open loop gain. The static gain of an entire system, measured by opening the
loop and determining the ratio of the change in output to a change in input. Determined
by multiplying the gains of all system elements.

static unbalance. The net force produced on the valve disk in its closed position by the
fluid pressure acting upon it.

stem.  See valve plug stem.

stem- or post-guided valve. A valve in which the plug is guided by a bushing that
surrounds the stem or post (as opposed to cage-guided valves).

stem unbalance. The net force produced on the valve plug stem in any position by the
fluid pressure acting upon it.
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stiffness. The resistance of the actuator to forces that tend to destabilize its position.

stroking time. The time it takes an actuator to be moved between two predetermined
positions (generally valve-open or valve-closed).

summing point. Any point at which signals are added algebraically. In a control valve
positioner, summing is usually accomplished with a beam.

throttling. The action of a control valve in motion as it modulates flow.

torque. The tendency of a force to produce rotation about an axis.

transducer. A device that accepts an input in one form (pressure, electrical current,
etc.) and provides a corresponding output in another form.

travel. The movement required to take a valve plug from the closed to the rated full-
open position.

travel indicator. A pointer attached to a stem connector to indicate travel of the valve
plug.

travel, rated. The amount of linear movement of the valve plug from the closed posi-
tion to the rated full open position. (The rated full open position is the maximum open-
ing recommended by the manufacturer.)

travel stops. Mechanical obstructions devised to limit actuator stem or lever travel in a
specified direction.

trim. The internal parts of a valve that are in flowing contact with the controlled fluid.

trim, balanced. Trim that uses some design technique to minimize pressure unbalance
across the valve plug. This technique reduces the actuator force that is necessary to
throttle and seat the plug.

trim, noise abatement. Trim that is specifically designed to eliminate or reduce control
valve noise due to the turbulence associated with high velocity flow.

trim, reduced capacity. A valve trim package that provides a smaller-than-standard
port diameter to reduce capacity of the valve. Often used in startup situations when
increased capacity at a later date is anticipated.

trim, soft seated. Globe valve trim with an elastomer or other deformable material
used as an insert, either in the valve plug or seat ring, to provide tight shutoff with
minimal actuator force.

trim, very low flow. A valve trim package that uses small special formed plugs that seat
conventionally with a short stroke or fluted or splined plugs that protrude through the
seat ring when accurate control at very low flow rates is required.
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unbalanced forces. The force or torque produced when process pressure creates more
force on one side of a flow-controlling element than on the other.

valve body. A housing for internal parts that have inlet and outlet flow connections.

valve body assembly (commonly valve body). An assembly of a body, packing follower
(if used), and trim elements. The trim includes the valve disk or ball that opens, closes,
or partially obstructs the ports.

valve plug. A movable part that provides a variable restriction of a port.

valve plug stem. The rod or shaft that connects the actuator to the plug.

vapor pressure. The pressure at which a given liquid begins to vaporize.

vena contracta. The location where the cross-sectional area of the flowstream is at its
minimum. The vena contracta normally occurs just downstream of the actual physical
restriction in a control valve.

wafer-style valve body. A flangeless type of butterfly or gate, short face-to-face, valve
body. Also called a flangeless valve body; it is clamped between pipeline flanges.

zero adjustment. The calibration procedure performed to establish the desired valve
position when the input signal is at the minimum value of the input signal range.
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APPENDIX B
TEST CONNECTIONS FOR DATA ACQUISITION
EQUIPMENT

B.1 WHAT ARE TEST CONNECTIONS?

Test connections are any permanent or temporary attachment points where the AOV
Data Acquisition System can measure information about a valve assembly or input a
control signal. This Appendix addresses the test connections that are either electrical or
pneumatic; although there might be others, these are the predominant connections for
AOV testing.

B.2 TYPES OF SIGNALS

In most cases the signals that are measured by the AOV Data Acquisition System are
either electrical or pneumatic. Electrical signals are normally milliamperes (0 to 60 in a
number of different ranges) or volts, direct current, and 0 to 10 volts or millivolts. Pneu-
matic signals range from 0 to 120 psig, depending on the plant’s compressed air supply
system.

B.2.1 Electrical Signals

Test measuring instruments, such as flow meters, pressure or level transducers, stroke
or rotational displacement instruments, or thermocouples, put out an electrical signal
that can be accepted as-is or modified to be accepted by the Data Acquisition Systems.
These electrical signals then have to be converted by the Data Acquisition Systems to
engineering units so they can be evaluated and plotted.

Some of the Data Acquisition Systems accept only a number of DC voltages, such as
±10 volts, in which case any milliampere signal will have to be modified. This is a
relatively safe and easy modification, which can be either permanent or temporary, and
which entails incorporating a dropping resistor in series with the electrical signal. The
size of the resistor is calculated as follows:

Resistor = Volts / Current (R = V/I)

If the maximum signal that the Data Acquisition System can take is 10 volts DC and the
maximum signal that the milliampere signal will reach is 50 milliamperes, then the
above equation becomes:
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R = 10 volts / 0.050 amps = 200 ohms

Depending on the Data Acquisition System, it might be prudent to include a little mar-
gin so that the equipment is not seeing the full 10 volts at 50 milliamperes. For example,
use a 180 ohm resistor instead of the 200 ohms. This means that when the instrument
puts out a 50 milliampere signal, the Data Acquisition System will read 9 volts.

0.050 amps * 180 ohms = 9 volts DC

One consideration should be the power that the instrument is capable of putting out.
For example, the power required for the above example would be:

Power = VI or I2 R

9 volts * 0.050 amps = 0.45 watts

The instrument sending the signal should be checked to determine that the added
power consumption will not overload it.

CAUTION:  When working with electrical signals, exercise extreme caution to make sure that
neither the technician nor the Data Acquisition System grounds out the control signal, that is,
the Data Acquisition System must have a floating ground.

B.2.2 Pneumatic Signals

Some of the Data Acquisition Systems use internal pressure; the others use external
pressure transducers that usually attach close to the pressure lines and then send an
electronic signal to the Data Acquisition System for measuring and conversion.

When using these transducers there are a few precautions that should be observed:

• Do not use the transducer for measuring a higher pressure than it is meant to see.

• Make sure that the fittings are all tight, per the manufacturer’s recommendations.

• When hooking up the tubing to an operating system, hook up the Data Acquisition
System side first, then hook up the component side, and be ready to disconnect
quickly if something goes wrong.

NOTE: Although relatively small, the volume inside the length of tubing momentarily de-
creases the pressure that is being measured. When connecting into an instrument such as
an I/P transducer, make sure that the connection and disconnection are made positively and
quickly so that the signal is not disturbed too much. There will be a very minor transient,
which in most cases the valve will not respond to.
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• When using tubing that is susceptible to heat or possibly being cut, make sure that
the tubing does not come in contact with hot pipes, is not cut by machinery, or
placed where it could be stepped on.

B.3 BENEFITS OF PERMANENT TEST CONNECTIONS

Some of the advantages of permanent test connections are:

• Making connections more quickly. With either pneumatic fittings or electrical
terminal blocks, connections can be made in seconds, rather than minutes or even
hours.

• Hooking up while on line. With either pneumatic fittings or electrical terminal
blocks, connections can be made with little concern about interrupting the system
operation.

• Obtaining the same connection location each time. With the test connections al-
ready installed, the test results from one test sequence to another are not affected.
This improves overall repeatability of the testing.

• Saving time and money. Time is saved in getting approval to install and remove,
and looking around for and connecting fittings to set up temporary test connections
to the component for the testing. In addition to the cost of the time to set up the
temporary test connection, there is also the cost of the fittings used. Most fittings
don’t go back to stores but are disposed of.

• Finding other uses for test connections. Plants that already have installed test
connections on instruments such as positioners or I/Ps have found a secondary
benefit in that they can now hook up calibrated gauges quickly to these locations to
obtain information or to calibrate the instrument.

There are a number of different types of test connections that can be used with the Data
Acquisition System equipment. For example, electrical connections can be set up with
terminal strips that are mounted internal or external to the component, and pneumatic
lines can be set up with a tee, quick disconnect or miniature shut-off valve, and an end cap.

One plant installed terminal blocks inside some of their I/Ps with a resistor in series
with the controller signal. This way the Data Acquisition System can be connected to
both sides of the resistor to measure a voltage that is then correlated to the milliampere
signal being sent by the controller.

CAUTION: No Data Acquisition System is completely non-intrusive. Extreme caution
must be used at all times when hooking up any equipment. The above electrical connection
is relatively safe unless the leads are grounded. Quick disconnects are safe until there is a
leak in the connection air line. The person hooking up the equipment must be aware of the
potential problems and be ready to take counter measures.
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B.4 LOCATION OF THE PNEUMATIC TEST TEES

The location of the test tees is important to the quality of the data. The following are
general rules to use when determining the location of a test tee in a pneumatic line:

• Whenever possible, measure the pressure that you say you are measuring. For
example, do not measure the pressure coming out of the positioner and going to the
volume booster and indicate that the pressure is the actuator pressure. Although the
signal coming from the positioner is what the actuator should be reading, the actua-
tor pressure normally lags behind the positioner output pressure by quite a bit.

• When measuring high transfer volume lines, get as close as possible to the compo-
nent that is being measured so that line or component pressure drops do not affect
the data. Do not measure upstream of a solenoid-operated valve (SOV) or just
downstream of the positioner to get the actuator pressure.

• Always use fittings that are equal to or larger than the tubing going to the fitting. It
is important that the fitting not become the restriction to the component.

The following are some suggested locations for test tees for different valve components
and the reasons for these locations:

• Actuator pressure

– Use a second port in the actuator, if available, to measure the actuator pressure.
The actual internal actuator pressure will be measured more accurately.

– If a second port is not available, locate the tee as close to the actuator as physi-
cally possible. This eliminates any component or tubing pressure drops.

• Supply pressure. Measure this as close as possible to the component distributing the
highest volume of air. Examples:

– Just upstream of a volume booster supplying an actuator

– Just upstream of an SOV supplying an actuator

– Just upstream of a positioner supplying an actuator

• Regulated supply pressure. Same rule as above, but in most cases this is normally
used to supply air to the positioner, so it should be just upstream of the positioner.

• Air signal pressures. These are pressures that are used to send a control signal to
another component, for example, I/P to a positioner; positioner to a volume booster;
or a level, temperature, or pressure controller to a positioner. In all of these cases, the
sending unit is sending only a pressure signal to the next unit. There is very little, if
any, volume that is transferred in this line. The pressure anywhere in that line
should be the same, free from any pressure drop, so the pressure can be measured
anywhere along the length of the line.
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B.5 GENERIC PROCEDURE FOR INSTALLING QUICK DISCONNECTS

The following procedure, Installation of Test Fittings on Non-Safety Related Air Operated
Valves, is provided by Toledo Edison’s Davis-Besse Nuclear Power Station. This
procedure, as it says, is for non-safety AOVs. Safety-related valves at Davis-Besse, as
in most other plants, are addressed individually.

Currently one change is being made to the following procedure and that is to add
another quick disconnect upstream of the regulator to be used as a source of supply
air to the Data Acquisition System if it is needed to drive the AOV. This is a very
good suggestion, with the following precaution: Make sure that the line upstream of
this connection has enough of a supply so that if the Data Acquisition System is
demanding air at the same time the valve is demanding air, the result is not interfer-
ing with the proper operation of the valve.

Davis-Besse has tried to standardize on Parker fittings and quick disconnects; Swage
is used by other plants as a standard. It is suggested and recommended by the manu-
facturers that the fittings not be intermixed; although in a pinch, they seem to work
well together.
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APPENDIX C
AOV ACQUISITION SYSTEM CASE HISTORIES

C.1  INTRODUCTION

The case histories included here are from a number of sources, and although the text
may have been edited, the conclusions or results are solely those of the contributors and
have not been verified by the authors.

C.2  SUPPLY PROBLEMS

If a valve is having problems meeting stroke times or has control problems (if fast
system response is a requirement), the volume of supply air should be reviewed.

Case 1 - Restricted Air Supply

Figure C-1 presents both the supply pressure and actuator pressure plotted against
time. This example is a double-acting piston actuator

Figure C-1
Before—Small Supply Tubing
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The following are possible indications of restricted air supply:

• The air supply pressure drops from 103 psig to 54 psig during the initial demand for air.

• The air supply pressure follows the same contour as the actuator pressure during
most of the stroke.

• While the valve is controlling, there is a significant supply air pressure drop. During
the time periods 10 through 12 seconds and 18 through 20 seconds, the valve is
being controlled. There should be very little pressure drop in the supply air when
the valve is in a normal control mode.

This particular valve had a 1/4-inch supply line leading to the positioner. This line was
replaced with a 3/8-inch line and Figure C-2 shows the result.

Figure C-2
After—Larger Supply Tubing

As can be seen in Figure C-2, the pressure drop during the initial demand is only a little
over 20 psi, and during most of the stroke, the supply pressure is relatively constant. It
is only during the high demand times that it drops.

Figure C-3 shows that there was almost a two-second improvement in the initial open-
ing stroke due to this change.
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Figure C-3
Results of Change

It is prudent to remember that if there is not a problem with valve stroke time or normal
valve control, even though some of the supply problem indicators are present, there
might not be a problem.
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Case 2 - Restricted Air Supply

This case is a good example of pressure drop across 70 to 100 feet of 5/16-inch tubing,
even though there is a large accumulator just upstream of the start of the tubing. The
supply air pressure is being measured just upstream of the solenoid-operated valve
(SOV), which is controlling the valve. As Figure C-4 shows, the supply pressure is being
reduced to 15 and 17 psig from the original 100 psig.

Figure C-4
Time in Seconds

48-Inch Butterfly Valve with 5/16-Inch Tubing—70 Feet plus Long
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C.3 TRANSDUCER PROBLEMS

Case 1 - Defective I/P - Relays and Coil

Fisher 546  The transducer was not outputting the correct pressure for the input signal.
Upon disassembly and inspection, the relay and coil were found to be defective, requir-
ing immediate maintenance. See Figure C-5.

Figure C-5
As-Found

After repair - See Figure C-6. There is still a slight calibration adjustment to be made,
but the instrument is clearly operating as intended (4-20 mA input/3-15 psi output).
Note that there is a slight difference between the increasing and decreasing signal at
4 mA due to hysteresis. Also note that this particular model of I/P continues to have a
linear output pressure below 4 mA.
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Figure C-6
After Repair

Case 2 - I/P Leak

Based on poor mid-range performance (see Figure C-7), this facility was prepared to cus-
tom characterize a valve cage in order to obtain a particular flow characteristic. A single
dynamic test (see Figure C-8) confirmed that the problem was not with the valve but rather
with the I/P as shown below.

Figure C-7
Overall Calibration
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Figure C-8
I/P Calibration

Case 3 - I/P Leak

Although the input changes from 11 to 14 mA, the output pressure remains at 9 psi (see
Figure C-9). This condition occurs at mid-range and is the source of the complaint noted
against the valve. On an increasing signal, the pressure recovers and remains linear.
This is a “classic” indication of a leak. Because the pressure was measured upstream of
the positioner, the source of the leak could be internal to the positioner, internal to the
I/P, in the tubing connection, or in the flow scanner test connection. It is incumbent
upon the operator to identify the source.

For this particular illustration, the source was in the tubing fitting connection between
the I/P and the positioner. A bench check of the I/P or the positioner could not have
identified and isolated this problem because it was inherent to the in situ installation.

Figure C-9
I/P Calibration
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C.4 POSITIONER PROBLEMS

Case 1 - Positioner Bellows

Figure C-10 shows the positioner performance (pressure versus travel). A Fisher 546 I/P
has a 6-30 psig output pressure feeding a 3582 positioner with a 3-15 psig bellows. The
positioner bellows was found to be severely deformed. The valve position is distorted
and is not uniform for any positioner pressure over 15 psig. Compare these results to
the response for pressures less than 15 psig.

Figure C-10
Positioner Bellows
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Case 2 - Stability Problem, Double Acting Cylinder

The valve is a globe valve with a double-acting cylinder actuator. The reported problem
was unstable control during plant operation. The Data Acquisition System testing was
done using 150-second increasing and decreasing ramps, with a 10 to 50 milliampere
control signal input into the I/P. See Figure C-11.

Figure C-11
Feedwater Valve—Double-Acting Cylinder

Percent of Span versus Time

Figure C-12 shows the differential actuator pressure (Trace 3) that was obtained by
measuring the upper and lower cylinder pressures with a differential pressure trans-
ducer. As can be seen the pressure ranges are about ± 10 psid (approximately plus
10 psi when the valve is opening and minus 10 psi when it is closing). Note that when
the valve is opening, the lower cylinder is reading 10 psig, which means the upper
cylinder must be reading zero pressure. When the valve is closing, the lower cylinder is
reading zero, which means that the upper cylinder must be reading 10 psig. So at any
time during normal controlling operation, the largest cushion of air is 10 psi.
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Figure C-12
Feedwater Valve—Double-Acting Cylinder—PSIG versus Time

The positioner’s preload was increased so that the nominal pressure would be between
40 and 50 psig, about 60% of the minimum operating supply pressure.

From Figure C-13, it can be seen that the pressure in the lower cylinder during the
opening stroke is between 60 and 70 psig, and since the differential pressure is still
10 psi, the upper cylinder must be between 50 and 60 psig. During the closing stroke,
the upper cylinder must be about 65 psig.
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Figure C-13
Feedwater Valve—Double-Acting Cylinder—PSI versus Time

Increasing the nominal pressure from an average of 0 to an average of 60 will definitely
increase the stability of the valve. It is similar to installing a stronger spring or a much
stiffer shock absorber. Increasing the nominal actuator pressure away from zero prevents
the actuator from having to completely dump one side of the actuator and add pressure to
the other every time the valve direction is changed. Now the actuator only has to add or
dump one side of the actuator to move the valve. Figure C-14 shows the improvement in
dynamic error, from 9.4% to 1.8%, more than 5 times better in controllability.

Figure C-14
Feedwater Valve—Double-Acting Cylinder —Overall Calibration/Control
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Case 3 - Air Leak, Internal to the Positioner

Figure C-15 is typical of a normal regulated supply pressure (Trace 2) with a high vol-
ume requirement. That is, this valve has a 280-square-inch, spring-return actuator that
tends to drag down the air supply whenever it moves. Note that when the valve is
opening the supply pressure drops, but it stays constant as the actuator is demanding a
large volume of air to build up the air pressure. On the down stroke, there is a slight,
but again constant, reduction in air pressure as the positioner controls the volume of air
in and out of the actuator to get the valve stroke to follow the control signal.

Figure C-15
Example of No Leak

In Figure C-16, note that the regulated supply pressure is low when the actuator pres-
sure is low and reaches the highest values when the actuator pressure is at it highest.
The lower regulated supply pressure must be due to either a demand or a leak (or
possibly both). Because it is demanding the most when there is no pressure in the actua-
tor, the leak cannot be in the actuator. Because the leak is highest when the demand is
lowest in the actuator, the leak must be in the positioner where the delta P is highest at
this time and lowest when the actuator is pressurized.
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Figure C-16
Typical Air Leak Study—PSIG versus Time

When the Actuator Pressure (X axis) is plotted versus the Regulated Supply Pressure
(See Figure C-17), it can be seen that there is a direct correlation; the greatest demand
occurs at the lowest actuator pressure.

Figure C-17
Typical Air Leak Study—PSIG versus Actuator Pressure
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Case 4 - Air Leak Downstream of the Positioner

Figure C-18 illustrates the case where the demand is the greatest when the actuator
pressure is the highest. The high actuator pressure would occur any place downstream
of the positioner, from the tubing up to and including the actuator.

Figure C-18
Typical Air Leak Study—PSIG versus Time

Although not as dramatic as Figure C-17, there is a definite slope to the lines in Figure
C-19, which decrease with increasing actuator pressure.
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Figure C-19
Typical Air Leak Study

PSIG versus Time
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C.5  VALVE PROBLEMS

Case 1 - Butterfly Valve—Sticking in its Seat

A 48-inch reactor building vent valve with a double-acting piston actuator appears to be
sticking in its seat when it does not seem to start to move for almost 10 seconds and the
actuator pressure completely transfers from one side of the cylinder to the other. See
Figure C-20.

Figure C-20
Time in Seconds—48-Inch Butterfly Valve—Seat Problem?

Note how there is a full transfer of actuator pressure from a minus 100 psig (100 psig in
the lower cylinder) to a positive 100 psig (100 psig in the upper cylinder) in about 3
seconds. Yet the valve does not “jump open” until 10 seconds after the start of the event.
This initially might be considered a failure to open, especially when there does not
appear to be any problem with the closing stroke.
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Figure C-21
Exploded View of Mechanical Properties

In reality the valve has just as much of a problem going back into the seat as it had
coming out of the seat. When the change in pressure, the force required to move the
valve, is looked at between 1 degree open and 5 degrees, it is the same within 2%. This
indicates that it takes just as much force to get the disk out of its seat as it does to get it
into the seat. Requiring all of the actuator pressure to both seat and unseat the valve is
not an acceptable situation. It appears that the running loads are much lower, less than
20 psi. Possible causes are wrong seating material or size, or the travel stops are set to
allow the valve disk to travel past the seat.
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Case 2 - Galling/Cage

This figure is used to determine the valve/actuator forces as the valve is stroked from
its fully closed-to-open position and then cycled. The pressure applied from the
positioner to the actuator shows a distinct change for travel greater than an inch off the
valve seat. Figure C-22 shows pronounced jerky binding, which was attributed to gall-
ing in the cage/plug. This was confirmed upon disassembly.

Figure C-22
Galling Cage Mechanical Properties
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Case 3 - Excessive Coking - Plug Sticking in Cage

This figure is used to determine the valve/actuator forces as the valve is stroked. The
pressure delivered to the actuator should be smooth and uniform between the increas-
ing and decreasing signal. Figure C-23 clearly exhibits pronounced binding and exces-
sive friction in the sliding/guiding surfaces. An additional 5 psig is required to over-
come static friction at both ends of the valve stroke.

Figure C-23
Excessive Coking Mechanical Properties

The atypical signature for the assembly was attributed to the plug sticking in the cage.
Upon disassembly, an excessive process residue buildup (coking) was readily apparent.
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Case 4 - Severe Galling

Figure C-24 is an overlay of the before versus after repair results for a valve that was
special ordered for a chemical plant. This graph is used to determine the valve/actuator
forces as the valve is stroked. Acceptance testing specified that the valve be heated to
the operating temperature of 575˚F.

Figure C-24
Severe Galling Mechanical Properties

The test clearly shows severe binding occurring at mid-travel, which was attributed to
galling of the packing box ring and stem. The valve was reassembled using replacement
parts. The test was repeated without the extended bonnet with insulation. The retest
shows acceptable (smooth) operation.
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Case 5 - Packing Leak

The valve shown in Figure C-25 is a “classic” demonstration of a packing leak. This
particular valve was in crude oil and has a 3/4-inch stem with composition packing.
The valve would “spurt” as it was stroked and then stop.

Figure C-25
Packing Leak Mechanical Properties

Note the variance in the friction band. The average force is 212 lbs. The minimum force
of 16 lbs. occurs at 0.75 inches and is clearly insufficient for service conditions. This is
probably due to localized wear on the stem from constant stroking in a limited range of
valve travel (0.5 to 1.3 inches).
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Case 6 - Expanded Seating Profile

Figure C-26 is an overlay showing the expanded seating profile for before and after
repair. This graph is a “classic” demonstration of degraded plug/seat contact indicating
severe wear that requires immediate maintenance. Compare the following points:

• Where the plug makes its initial contact into the seat

• The slope of the loading pressure developed for closure

Figure C-26
Expanded Seating Profile Mechanical Properties

An overlay is a convenient method to detect, observe, and monitor overall degradation.
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C.6  ACTUATOR PROBLEMS

Actuator Leak—Stem Seal

The valve shown in Figure C-27 does not have a positioner and is controlled by an I/P.
The valve was oscillating in service. The graph indicates a distinct difference as the stem
reverses direction. This defect was attributed to leakage in the O-ring seals in the stem
bushing. The O-rings had degraded until they were hard. This resulted in only a partial
seal being formed, which in turn caused fluctuations in the actuator output pressure.

Figure C-27
Total Valve (Travel versus Signal)

The as-found and after-repair test results are overlaid for a comparison. The overall valve
plot shows much reduced dynamic error band (DEB) after the actuator leak repair.
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Figure C-28
I/P Calibration

The I/P plot also looks much tighter, because it is no longer providing the increased air
volume to leak out the stem.

C.7 MISCELLANEOUS PROBLEMS

Pilot-Operated SOV

The following testing was completed with an ASCO pilot-operated solenoid-operated
valve (SOV), model number 8344. This SOV is usually used to operate double-acting
actuators where larger volumes of air are needed for large actuators or quick movement.
Internally, there is a pilot SOV that distributes air pressure to either one end or the other
end of a spool piece, which in turn directs air pressure to one end of the actuator while
venting the other. As stated in the ASCO literature, there must be a minimum of 15 psig
supplied to the SOV and all the ports must be full ported, no restrictions. The reason for
these requirements is to ensure that the spool piece travels the approximate 1/2 inch to go
from one end of its travel to the other. While the spool piece is moving from one end to
the other or if it does not travel all the way, all of the ports are open to the exhaust port
which is capable of venting everything if the supply lines are not properly sized.

The purpose of this case study is to point out that there is a clear indicator of the inter-
nal spool piece’s movement. The purpose of the testing was to determine the effect of
lower supply pressure and reduced air line sizes. The next three sets of figures present
the results of tests that were conducted at three different air pressures: 100 psig, 60 psig,
and 40 psig. All of the tests were run with the same reduced size tubing to determine
the point at which the SOV would not operate properly.
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Figure C-29 was run at 100 psig and the two plots show the de-energizing and energiz-
ing sequence. During the de-energizing sequence, the supply pressure and the lower
cylinder pressure starts to drop off in about 0.025 seconds. During this period, the spool
piece has started to move across and has opened up the exhaust port to both the supply
and the lower cylinder. At about 0.055 seconds, the supply rapid drop slows and the
upper cylinder starts to increase in pressure, indicating that the spool piece has com-
pleted its travel by closing the exhaust port to these two ports.

De-Energized Energized

Figure C-29
SOV Pilot Shift Indication at 100 psig

During the energized sequence, the spool piece does not seem to uncover the exhaust
port until about 0.06 seconds, at which time the supply drops rapidly; and a short time
after, the upper cylinder starts to drop. It takes a full 0.195 seconds for the lower cylin-
der to start to increase which would signal a complete shift of the spool piece.

Figure C-30 and Figure C-31 show the same test sequence run at about 60 psig and 40
psig, respectively. The figures show that the de-energized sequence is almost identical on
both of these tests, indicating that lower volumes have very little effect on the movement
of the spool piece in this direction. This is not true for the energized sequence because it
took 0.354 seconds to complete the travel during the 60 psig test; and during the 40 psig
test, the spool piece did not complete its movement. The figure shows that it dumped
almost all of the supply pressure out the exhaust port, leaving the SOV inoperable.
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De-Energized Energized

Figure C-30
SOV Pilot Shift Indication at 60 psig

De-Energized Energized

Figure C-31
SOV Pilot Shift Indication at 40 psig
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APPENDIX D1
ACTUATOR SELECTION BY GAYLE E. BARB

Reprinted by permission. Copyright Instrument Society of America 1984. From
Advances In Instrumentation, Volume 39.

ABSTRACT

Actuator selection when using spring opposed pneumatic diaphragm and piston actua-
tors involves the unique combination of many variables. Analysis of many combina-
tions is made showing the resultant direction of force action from the variables consid-
ered. The combinations are further grouped as to stability of process and control valve
operations. Principal forces related to the process, valve, and actuator are developed.
Stability criteria are also presented.

Actuator Selection

The pressure in the actuator represents the answer or solution to the free body diagram
encompassing the variables of the actuator, valve, and process. A typical free body
diagram is shown in figure D1-1. The purpose of pressure in the actuator is to position
the valve closure member for proper process control. Engineers and buyers of process
control systems have for many years been specifying systems such that the actuator
pressures would match controller output ranges of 3-15 and 3-27 (6-30) psig. The valve
would thus assume a position proportional to the controller output pressure. Recogniz-
ing the variables of packing friction and “seat leak” force, one concludes that the ideal
controller output ranges cannot be achieved. The real objective then is to select system
variables such that the ideal 3-15 and 3-27 (6-30) psig controller output ranges can be
closely realized. These must be compatible with the valve in service, process conditions,
and/or leak class requirements.

The principal forces are considered in this presentation. Economics, i.e., the point of
insignificant returns, justify ignoring some known force variables such as air and fluid
damping, closure member weight, inertia forces, etc. Should a more rigorous analysis be
required, it could be accomplished using such parameters.
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Figure D1-1
Force Balance Diagram
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Stem Force

The stem force is simply the area of the stem times the pressure in the valve body acting
on the stem. Normally, valve open and valve closed positions result in different values
of stem force.

Packing Friction Force

The packing friction force acts to impede stem movement and is considered to be a
constant value, consistent with packing type and pressure class. Therefore, the packing
friction force equals the stem diameter times a packing friction factor. The packing
friction force is recognized to be a function of many variables. Using a representative
value is considered to be prudent rather than ignoring the issue. When other applica-
tion information indicates better accuracy, it should be used. Suggested packing friction
factors are shown in table D1-1.

Leak Class Force

The closure member must contact the seat with some force to establish an initial seal,
consistent with the leak class used. The unit force (unit circumference) may be repre-
sented in the general form of an equation for a straight line (i.e., y = mx + b). The leak
class force then equals the differential pressure times a slope factor, plus a “y” intercept
factor times the diameter of the port times π. The suggested slope and “y” intercept
factors are shown in table D1-2 for several ANSI/ISA B16.104 seat leakage classifica-
tions and conditions. A specified leak class often requires other than ideal output pres-
sure ranges be used.

Closure Member Force

Closure member force is that force created by the process acting on the closure member.
The closure member force equals the differential pressure times the closure member
unbalanced area, times a closure member unbalanced area factor. This force magnitude
can be extremely complex, considering flow direction, valve type, closure member flow
characteristic, and valve travel. The factor is one when the valve is full closed, and may
be assumed as zero at full open position. Analysis at intermediate points requires appli-
cation of this factor and pressure drop across the valve at all desired points. A typical
plot of factor versus travel is shown for one closure member in figure D1-2.

Spring Force

The spring creates a force which is a function of its initial compression or preload, valve
travel, and spring rate. The equation for spring force then becomes: spring force equals
spring preload plus the product of valve travel, valve travel factor, and spring rate.
Spring preload and valve travel are in units of distance. The valve travel factor accounts
for the point of analysis, and will vary from zero to one.
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Table D1-1 PACKING FRICTION FACTORS
Fp = (±FFp)(Ds)

where:

Fp = Packing Friction Force

FFP  = Packing Friction Factor

Ds = Stem Diameter

Force = (+/- Factor)(Stem Diameter)

FFP Packinq Type Pressure Rating

100 Single TFE                     All

150 Double TFE All

233.3 TA 125

293.3 TA 250

233.3 TA 150

308.5 TA 300

431.25 TA 600

582.5 TA 900

687.5 TA 1500

811.5 TA 2500

466.7 Graphite 150

612.5 Graphite 300

862.5 Graphite 600

1125 Graphite 900

1375 Graphite 1500

1622.5 Graphite 2500

Legend:
TFE Teflon V-Ring
TA Teflon Asbestos
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Table D1-2 SEAT LOAD FORCE

ANSI B16.104
Seat Leakage
Classification

Seat Load to Prolong
Seat Life Using

Metal Seats

II Force = (0.0167 ∆P + 25)Dpπ
III Force = (0.0333 ∆P psi + 70)Dpπ
IV Force = (0.0500 ∆P psi + 100)Dpπ
V Force = (0.1208 ∆P psi + 100)Dpπ

Seat Load Using Metal Seat
Where Tight Shut Off Is Not

A Prime Consideration

II Force = 20Dpπ
III Force = 40Dpπ
IV Force = 60Dpπ
V Force = (0.1208 ∆P psi + 100)Dpπ

Seat Load Using Teflon Or
Other “Soft Seat” Designs

All Force = (0.0126 ∆P psi + 30)Dpπ

where:
∆P = differential pressure psi
Dp = port diameter
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Figure D1-2
Closure Member Unbalanced Area—Factor versus Travel Percent

Actuator Force

The actuator force is the actuator effective area times the actuator effective area factor,
times the actuator pressure. The actuator effective area factor is used to account for area
variation.

Stability Analysis

One more equation and factor are required when a process and control valve stability
analysis is performed per the air mass stability criteria. Three stability criteria are as
follows:

• Spring Rate Criteria

—  Stability will be obtained when the rate of change of spring force (spring rate) is
greater than two times the rate of change of stem force (process rate).
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• A System With No Positioner

— For stability, the pressure in the actuator must always increase or decrease with
valve travel

• A System Using A Positioner

— For stability, the mass of air in the actuator must always increase or decrease with
valve travel

Actuator Air Mass

The mass of air (standard volume) in the actuator is one of the criteria. The mass of air,
among other things, is a function of the actuator tare volume. The tare factor is consid-
ered to be some decimal portion of the actuator effectiveness area, and accounts for the
tare or clearance volume which exists in the actuator. The actuator mass equals the
product of the actuator effective area times the actuator effective area factor, times the
quantity valve travel, times the valve travel factor plus the tare factor, times the quantity
actuator pressure plus 14.7, all divided by 14.7.

Direction Of Force Action

The actuator air pressure, or air mass, is the controlled variable which is the result or
answer calculated from the force summation. The force summation is the combination of
all forces acting in the appropriate direction consistent with the valve and actuator type.
A sign convention of up being positive and down being negative is selected. The valve
and actuator types and flow direction are identified by a series of letters. Flow direction
considers actuator vertical up orientation. These codes are described in table D1-3.

Table D1-3 IDENTIFICATION OF LETTER CODES

Valve Action Type Code Letter

Direct (Push Down to Close) D

Reverse (Push Down to Open) R

Valve Balance Type

Balanced (Semi-Pressure Balanced) B

Unbalanced U

Flow Direction Type (Actuator Vertical Up)

Up (Through Top Port of Double Port) U

Down D

Actuator Type

Direct (Air To Extend) D

Reverse (Air to Retract) R
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Table D1-4 is a summary of all the presented information regarding direction of force
action with various valve and actuator combinations. The force summation or resultant
(changed to a positive integer) is divided by the actuator effective area, corrected by its
factor, to give the actuator air pressure. The actuator air pressure can now be compared
to the controller output ranges to test for a satisfactory match. Testing against controller
output ranges implies analysis at valve full open or full closed positions only. Table D1-
4 summarizes direction of force action and also places the valve action, balance, flow,
and actuator into stable, possibly unstable, and potentially unstable groups. Further
separation as to single port, double port, and cage designs aids in this summary of
information.
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Stability

Assuming that prediction of stability and a stability criteria evaluation is desired, it is
suggested that data analysis be made at no less than 20 percent travel increments.
Economics dictate that unnecessary work not be performed. Analysis of valve actuator
combinations results in the following groupings.

Stable Combinations

Stable combinations are DUUD, DUUR, RUDD, and RUDR. The slope of the closure
member force vs. travel and the spring force are in the same direction (i.e., both positive
or both negative slope). The closure member force does not have a force slope reversal.
These two observations, as the valve travels from closed to open (open to closed), make
the combinations stable. Stability analysis is not required for these combinations.

Potentially unstable combinations are DUDD, DUDR, RUUD, and RUUR. The slope of
the closure member force vs. travel and the spring force are basically in different direc-
tions (i.e., one is positive slope and one is negative slope). The closure member force
does have a force slope reversal or “bath tub stopper effect.” These two observations, as
the valve travels from closed to open (open to closed), make the combinations poten-
tially unstable.

The top and bottom guided double port (semi-pressure balanced) combinations DBUD,
DBUR, RBUD, and RBUR can be possibly unstable in service. Closure member force does
have a force slope reversal. Conventional flow direction of up through the top port is the
only direction considered. Cage valves DBBD, DBDR, RBUD, and RBUR also can be
possibly unstable in service as the closure member can also experience force reversals.

The force equations are listed below for convenience. The manipulation of the equations
and their combinations are readily reduced to a solution using a programmable calculator.

Conclusions

Air pressure is the solution to the choice of the actuator variables.

Spring rate, air pressure, or air mass are used as stability criteria where applicable to the
analysis technique.

Actuator, valve, and flow direction are analyzed to predict stable, potentially unstable,
and possible unstable combinations.

Conflicting requirements nearly always make ideal in-service instrument ranges impos-
sible to attain.
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Equations

Stem Force = DS
2 (π/4) (P1) = DS

2 (π/4) (P2)

Packing Friction Force = (DS)(FFP)

Leak Class Force = (((P1 - P2) M) + Y)(DP) π

Closure Member Force = (CMU) (ACMU)(Pl-P2)

Spring Force = (LS + XVT(VT))(RS)

Actuator Force = (AEA)(AEA)(PA)

Actuator Air Mass = ((AEA)(AEA)(XVT)(VT + τ )(PA + 14.7))/14.7

where:

DS = Stem diameter

P1 = Upstream pressure

P2 = Downstream pressure

FFP = Packing friction factor

M = Slope factor

Y = Intercept factor

DP = Port diameter

CMU = Closure member unbalanced area factor

ACMU = Closure member unbalanced area

LS = Spring preload

XVT = Valve travel

VT = Valve travel factor

RS = Spring rate

AEA = Actuator effective area

AEA = Actuator effective area factor

PA = Actuator pressure

τ  = Tare factor
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APPENDIX D2

D2.1 EXAMPLE CALCULATION

The example starts with the input data concerning the actuator, valve, and the process.
Next the force results are calculated with reference to the equations of this document.
The force results are summed in the appropriate manner to obtain the actuator pres-
sures which are the solution to the free body diagram of the actuator, valve and process.

D2.2 COMBINATION

Appendix “D2” is the combination DUUD-SP

D Direct Valve Action Type (Push down to close)

U Unbalanced Construction

U Up Flow (Assembly standing vertical with the actuator on top)

D Direct Actuator Type (Increase air to extend stem)

SP Single Port Globe Valve
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D2.3 APPENDIX “D2” EXAMPLE INPUT DATA

Actuators and valves only come in certain sizes each with their respective dimensions.
Process conditions are infinite thus it is prudent to enter the following data, calculate
forces and then solve for the solution to the free body, ie actuator pressure. The follow-
ing simple formula provides help in selection of preliminary values.

Actuator Eff. Area (in2) x Control Span (psi)
———————————————————  =       Spring Rate (lb/in)

Valve Travel (in)

Actuator, valve and process, data

VALUE UNITS DESCRIPTION

ACTUATOR 140 in2 Actuator Effective Area
1120 lb/in Spring Rate
3.260 in Spring Available Travel
0.4308 in Spring Preload

VALVE 100 Packing Factor
0.050 Leak Class Seat Load Slope Factor
100 Leak Class “Y” Intercept Factor
1.50 in Valve Travel
0.625 in Stem Diameter
3.00 in Seat Port Diameter
7.069 in2 Closure Member Unbalanced Area

PROCESS 100.0 psid Shut-off Differential Pressure
120.0 psig Pressure on Stem End (Valve Open)
20.0 psig Pressure on Stem End (Valve Closed)

D2.4 FREE BODY DIAGRAM

The forces concerning the valve, actuator and process considered for analysis are shown
on a free body diagram. Also noted are values concerning the valve, actuator and pro-
cess used in this example. See Figure D2-1.
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D2.5 FORCE RESULTS

VALUE UNITS DESCRIPTION
482.5 lb Spring Preload Force

Spring Rate x Spring Preload
1120 x 0.4308

2162 lb Maximum Spring Force
Spring Rate x (Spring Preload + Valve Travel)
1120 x (0.4308 + 1.5)

36.82 lb Stem End Load (Valve Open)
Stem Area x Pressure Stem (Valve Open)
0.6252 x (π/4) x 120

FORCE
RESULTS 6.136 lb Stem End Load (Valve Closed)

Stem Area x Pressure on Stem (Valve Closed)
0.6252 x (π/4) x 20

989.6 lb Seating Force of Closure Member
Equation BE 4
((0.050 x 100) + 100) x 3.0 x π

706.9 lb Diff. Pressure Force on Closure Member
Shut-off Diff. Pressure x Unbalanced Area
100 x 7.069

62.5 lb Packing Friction Drag Force
Packing Factor x Stem Diameter
100 x 0.625

D2.5.1 REFERENCED EQUATION BE 4
Leakage Class Contact Force for ANSI/FCI 70-2

Leakage Class IV

Force = ((Differential Pressure x Slope Factor) +
“y” Intercept Factor) x Diameter of Seat Port x π

Example Equation w/ Values

Force = ((0.050 x 100) + 100) x 3 x π
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D2.6 ACTUATOR PRESSURE CONDITIONS

The actuator pressure conditions are installed, inherent, and bench. See Section D2.8 for
definitions. The actuator pressure is the result of the summation of appropriate forces
and then dividing by the actuator effective area. The “start travel” position where the
valve/actuator combination “fails” upon loss of actuator pressure. The “start travel”
position in this example is from the valve “full open”.

VALUE UNITS DESCRIPTION

4.156 psig Pressure to Start Valve Travel
(482.5 + 36.82 + 62.5) / 140

INSTALLED 20.99 psig Pressure at Rated Valve Travel
(2162 + 6.136 + 62.5 + 706.9) / 140

20.09 psig Pressure at Return Valve Travel
(2162 + 6.136 – 62.5 + 706.9) / 140

3.263 psig Pressure at Original Valve Position
(482.5 + 36.82 - 62.5) / 140

3.893 psig Pressure to Start Valve Travel
(482.5 + 62.5) / 140

INHERENT 15.89 psig Pressure at Rated Valve Travel
(2162 + 62.5) / 140

15.00 psig Pressure at Return Valve Travel
(2162 - 62.5) / 140

3.000 psig Pressure at Original Valve Position
(482.5 - 62.5) / 140

BENCH 3.446 psig Pressure to Start Travel
482.5 / 140

15.45 psig Pressure at Rated Travel
2162 / 140
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D2.7 SHUT-OFF CONDITITON PRESSURE

The actuator pressure for the valve shut-off position is one more value which must be
calculated. The Class IV shut-off criteria requires the closure member to contact the seat
with a force of 989.6 pounds.

VALUE UNITS DESCRIPTION
28.05 psig Shut-off Condition Pressure

(2162 + 6.136 + 62.5 + 706.9 + 989.6 ) / 140

D2.8 REFERENCED DEFINITIONS

INSTALLED CONDITION Considers the valve, actuator, and process forces
acting on the valve/actuator assembly.

INHERENT CONDITION Considers the valve and actuator forces acting on the
valve/actuator assembly. No process forces are acting.

BENCH CONDITION Considers only the forces associated with the actuator.
Considering spring opposed pneumatic actuators, BENCH CONDITION (Bench
Set), pressures at start and rated travel positions are calculated to provide proper
valve performance taking into account system operating loads, friction loads,
etc., but verified with out those loads present.
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Figure D2-1
Free Body Diagram of a DUUD-SP Valve and Actuator
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APPENDIX E
PERIODIC TESTING METHODS FOR SAFETY-
RELATED AIR-OPERATED VALVES

PURPOSE

The purpose of this appendix is to present methods of periodic testing of safety-related
air-operated valves (AOVs).

DISCLAIMER

The content of this Appendix is solely that of the authors and has not been reviewed or
accepted by ASME, NRC, or any other professional organization.

BACKGROUND

The ASME Operations & Maintenance (O&M) Part 19 Working Group is working on a
draft Guide for Preservice and Periodic Performance Testing of Pneumatically- and Hydrauli-
cally-Operated Valve Assemblies in LWR Power Plants (The Guide). The Guide is, at the
time of this writing, in the approval stage which means that it could be approved by the
ASME as a guideline, or disapproved and sent back to the Working Group for revision.

REQUIREMENTS OF THE GUIDE

Preservice Testing

In its present state, The Guide suggests preservice testing on a new valve when it is
replacing a valve that is not “like-in-kind” to the new valve. The purpose of the
preservice testing is to prove that the valve can perform its safety-related function and
only its safety-related function. For example, if a valve has a safety function to be iso-
lated against 2,000 psig and also has a normal function to flow 400 gpm, the only func-
tion that has to be proved is that it can isolate against the 2,000 psig. The Guide is not
interested in proving that the valve can flow 400 gpm. The Guide allows a combination
of methods to prove that the new valve can meet its safety-related function. These
methods include the following:

• Dynamic test at expected service conditions. This requires testing the valve either in
the plant or in a flow loop to prove that the valve can perform its safety-related
function at the expected conditions.
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• Correlation with a similar valve that has been dynamically tested at the same or
bounding conditions. This allows for the testing of a single valve that might be one
of four in the same or similar service.

• Extrapolation of results of a dynamic test at the highest practicable conditions. This
method allows the testing of a valve at a lower condition when the system could not
operate at the safety-related function conditions. An example of this would be a
valve that had to isolate against a downstream line break. In this example, the valve
might be tested at 50%, or some other percentage, of what might be the expected line
break pressure differential. This information would then used to prove that the
valve could close at the expected safety-related function condition.

• Calculation methods, if it can be shown that the methods provide a conservative
result. Here the valve industry’s standard sizing calculations, which have been used
for years to size the actuators to operate at specified conditions, can be used to prove
that the valve is capable of performing its safety-related function. Some of the calcu-
lations that have been accepted in the NRC Generic Letter 89-10 response might be
used or adapted here.

The Guide also allows the use of any combination of the above methods to prove the
operability of the valve. For example to reduce an acceptable margin, a calculation
could be done at the actual condition and at a lesser testable condition to prove the
acceptability of the calculation when the valve is actually tested at the lesser condition.

Figure E-1 presents an example of combining methods to reduce the margin require-
ments. The graph is any system parameter versus any valve parameter, for example the
differential pressure across the valve versus the seating force required to shut off the
system pressure. C1 might be the point calculated at the accident condition and Ma is
the margin that has to be considered, based on only the calculation method. C2 is a
point that is calculated at a point where the valve can be tested as installed in the sys-
tem. T is the actual tested condition. Based on the acceptability of the comparison of C2
and T, a new margin can be assigned to the C1 point, Mb.

Any System Parameter
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Figure E-1
Combining Methods
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In addition to replacing a valve that is not “like-in-kind,” The Guide also is looking for
preservice testing of all safety-related valves in any new nuclear power plant.

In general, there are not too many, if any, plants in the U.S. that will be required to meet
the preservice testing portion of The Guide. Preservice testing is required only when
replacing a valve or building a new system that requires safety-related valves. Of course
plants outside the U.S. that are building their plants to U.S. requirements might have to
meet this requirement for all of their safety-related valves.

Inservice Testing

The Inservice Testing portion of The Guide will affect most operating plants in the U.S.
or plants operating to U.S. standards.

The Guide provides the following guidance as to when inservice testing is performed:

• At a frequency established by the owner

• When a valve assembly has been replaced, repaired, or has undergone maintenance
that could affect the valve assembly’s performance

• When a design change affects the system’s operating parameters, for example,
increasing the head on a tank would increase the delta P across a valve

• A modification to the valve that changes the operating parameters, for example,
changing the actuator spring rate or size of the actuator

The actual inservice testing portion of this requirement is the easy part; the difficult part
is establishing the reference values to compare or reconfirm the inservice testing. This
requires the owner to determine the values required to perform the safety function. For
example, if a valve is required to shut off against a differential pressure, some or all of
the following information might be needed to establish the reference values:

• Flow direction (over or under the seat)

• Maximum differential pressure

• Differential area (that the differential pressure is acting against)

• Stem area

• Effective actuator area

• Shut off force required (class IV or V shut off)

• Total friction acting against valve movement

With this information, a required seat load can be calculated to compare to the tested
results. The problem is that much of this information is not readily available, and valve
vendors are sometimes reluctant to provide their portion of it.

The inservice test is the test that is used to establish the baseline for future testing and
can be performed at any system operating condition. The most likely and convenient
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condition is the static condition, no pressure and no flow. At this condition, most valves
can be tested during an outage; while others, depending on the service, can be isolated
and tested while the plant is operating. It is important to note that testing at static con-
ditions does not require trying to maintain or duplicate a system pressure so that the
inservice test can be compared to a previous baseline test.

Periodic Valve Stroke Test

The purpose of this test is to make sure that the valve is functional (at the time of the
test), in between the inservice testing. This test is required only once every 24 months if
the valve hasn’t been fully stroked for some other reason during that time period. It
does not require the measurement of stroke time but does require documentation that
the valve was stroked and did fully stroke.

METHODS OF TESTING

Based on The Guide, the only testing that has to be conducted, where parameters other
than stroke are measured, is either the preservice or inservice testing. In general, the same
valve parameters must be measured for both types of tests. During the preservice test,
system flows and/or pressures might have to be measured, while during the inservice
test, if done at a static condition, system parameters do not have to be monitored.

Some utilities might be looking for a quick, non-intrusive way to test their AOVs, such
as stroke-timing to determine if a valve is deteriorating. Stroke-timing will not meet the
requirements of The Guide, except in the case where the valve’s only safety function is
to open, close, or do something in a specified amount of time. Because many valves
have to both open or close in a specified minimum time, as well as open against critical
system parameters, the stroke time test currently performed to comply with Section II
requirements, by itself, is probably not adequate.

Table E-1 is a list of different safety functions and what parameters might need to be
monitored, as a minimum, during a test.
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A combination of requirements might require a combination of parameters to be mea-
sured. For example, a valve that has to isolate against pressure within a specified
amount of time also needs to have time measured.

Some general guidance when measuring parameters:

• AOV diagnostic equipment is not required to meet the intent of The Guide, but will
provide much better and consistent results, and will be able to pick up subtle
changes that might be an indication of deterioration.

• When required, actuator pressure should be measured as close to the actuator as
possible, so that line losses are not a problem.

• Opening or closing positions should be measured when the valve either leaves the
seat or as it contacts the seat. The closed limit switch is not a reliable indication of
the closed position.

• The full open position can be indicated by a limit switch because full flow of a valve
is normally obtained somewhere around 90% of its full stroke. This position is not
usually critical.

• Time should be measured from the time of activation to obtain the true time, includ-
ing all components (SOV).

Table E-2 provides a comparison of data acquisition methods.
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CONCLUSIONS

• The most difficult job is obtaining the information required to determine the accep-
tance criteria for the inservice testing.

• AOV diagnostic equipment, although not required, is helpful.

• Testing and monitoring these critical valves will make the valves run better and
ultimately improve plant safety.
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APPENDIX F
GENERAL PROPERTIES OF ELASTOMERS
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APPENDIX G
PROPERTIES OF PLASTICS AND ELASTOMERS USED
IN VALVES FOR SOFT SEATS, SEALS, AND GASKETS

Teflon (Halon, TFE, Fluon)
Radiation resistance - maximum 10(4) rads
Low coefficient of friction
High chemical resistance
Temperature limit of 400˚F
Susceptible to abrasion

Teflon (Glass Filled)
Radiation resistance - maximum 10(4) rads
Low to moderate coefficient of friction
High chemical resistance
Temperature limit of 450˚F
Susceptible to abrasion, but better than unfilled Teflon

Nylon (Zytel, Nypel, Fosta)
Radiation resistance - 10(4) rads
High coefficient of friction
Moderate to low chemical resistance
Temperature limit of 250˚F
Not susceptible to abrasion

Kel-F (CTFE)
Radiation resistance - 10(7) rads
Low coefficient of friction
Good chemical resistance
Temperature limit of 300˚F
Susceptible to abrasion

Tefzel
Radiation resistance - 10(7) rads
Low coefficient of friction
High chemical resistance
Temperature limit of 300˚F
Moderate resistance to abrasion
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Polyethylene
Radiation resistance - 10(8) rads
Low to moderate coefficient of friction
High chemical resistance
Temperature limit of 180˚F
Not susceptible to abrasion

Natural Gum Rubber
Radiation resistance - 10(7) rads
High coefficient of friction
Moderate to low chemical resistance
Temperature limit of 130˚F
Not susceptible to abrasion

Buna-N
Radiation resistance - 10(4) rads
High coefficient of friction
Moderate to low chemical resistance
High resistance to petroleum products
Temperature limit of 210˚F
Not susceptible to abrasion

Viton
Radiation resistance - 10(7) rads
High coefficient of friction
Good chemical resistance
Temperature limit of 400˚F
Not susceptible to abrasion

Ethylene, Propylene, Terpolymer
Radiation resistance - 10(8) rads
High coefficient of friction
Moderate to low chemical resistance
Temperature limit of 300˚F
Not susceptible to abrasion
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APPENDIX H
RADIATION RESISTANCE OF PLASTICS

Group 1

Plastics retaining satisfactory properties after exposure to 10(10) rads

Phenolic, glass laminate

Phenolic, asbestos filled

Polyurethane

Group 2

Plastics retaining satisfactory properties after exposure to 10(9) rads

Epoxy, aromatic curing agent

Furane resin (Duralon)

Polyester, glass filled

Polyester, mineral filled

Polystyrene (Amphenol, Styron)

Polyvinyl carbazole (Polectron)

Silicone, glass filled

Silicone, mineral filled
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Group 3

Plastics retaining satisfactory properties after exposure to 10(8) rads

Polyethylene

Polyester film, unfilled (Mylar)

Polyvinyl chloride* (PVC, Tygon, Pliovac)

Polyvinyl Formal (Formvar)

Silicone, unfilled

Polypropylene

Group 4

Plastics retaining satisfactory properties after exposure to 10(7) rads

Aniline - Formaldehyde (Cibanite)

Cellulose acetate (Tenite, Celanese)

Melamine - Formaldehyde (Melmac)

Monochlorotrifluoroethylene* (Kel-F, Polyfluoron Fluorothen)

Phenol formaldehyde, fabric filler (Bakelite)

Phenolic, unfilled

Polycarbonate (Lexan, Merlon)

Polyvinylidene chlorite* (Saran)

Urea - formaldehyde

PVF (Polyvinyl fluoride)

PVDF (Polyvinyl difluoride)



H-3

EPRI Licensed Material

Air-Operated Valve Maintenance Guide

Group 5

Plastics retaining satisfactory properties after exposure to 10(6) rads

Polymide (Nylon, Zytel)

Polyester, unfilled

Polyformaldehyde (Delrin, Celcon)

Polymethyl alpha - Chloracrylate (Gafite)

Vinyl chloride - acetate

Group 6

Plastics retaining satisfactory properties after exposure to 10(5) rads

Tetrafluoroethylene* (Teflon)

*Tests have shown these materials to evolve halogenated gases due to radiation expo-
sure, possibly at lower doses than indicated here; their use should be restricted.
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APPENDIX I
SAMPLE VALVE DATA SHEET

Plant Information

Valve Identification _________________
System Train _________________
Location
Vendor Manual _________________
Drawing Number _________________

P&ID _________________
Electric Schem. _________________
Component _________________

Equipment Information
Clearances Valve _________________
Clearances Electrical _________________
Gage Cal. Date _________________
Gage # _________________
Torque Wrench Cal. Date ______________
Torque Wrench # _________________
Special Tools  Cat. I _________________
Multimeter # _________________
Timer # _________________
Other # _________________
Pad Test Data _________________
“I” Beam Clamp _________________
Press. Vessel Code Limits ______________

Parts Information

Studs, Size _________________
Nuts, (Wrench Size) _________________
O-Rings Material _________________
Diaphragm _________________
Packing _________________
Filter Element _________________
Gaskets _________________
Other _________________

Attach

Valve Signatures, as left, as found
Man hours from last repair or test

Scheduling Information

Start Date _______________
Complete Date _______________
Work Order Number_____________
Radiation Work Permit (RWP) ____
Scaffolding Order _______________
Hot Work Permit _______________
PMS/IST Code _______________

On-Hand Order Date
Location
_______________ _____________
_______________ _____________
_______________ _____________
_______________ _____________
_______________ _____________
_______________ _____________
_______________ _____________
_______________ _____________
_______________ _____________
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APPENDIX J
VALVE MAINTENANCE CLEARANCE DATA
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APPENDIX K
ACTUATOR AND ACCESSORY MANUFACTURERS
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Actuator and Accessory Manufacturers

Company/Address

A
c
t
u
a
t
o
r

P
o
s
i
t
i
o
n
e
r

T
r
a
n
s
d
u
c
e
r

B
o
o
s
t
e
r Company/Address

A
c
t
u
a
t
o
r

P
o
s
i
t
i
o
n
e
r

T
r
a
n
s
d
u
c
e
r

B
o
o
s
t
e
r

Anchor/Darling Valve Co. X Fisher Controls Intl. Inc. X X X X

701 First St. 205 South Center St.

PO Box 3428 Marshalltown IA  501158
Williamsport, PA  17701 515-754-3011

717-327-4800 FAX 515-754-2830
FAX 717-327-4805

GH Bettis X X

Atwood & Morrill Co. Inc X 18703 GH Circle
Canal Street PO Box 508

Salem, MA 01970 Waller, TX  77484
508-744-5690 713-463-5100

FAX 508-741-3626 FAX 713-463-5103

Bailey Controls Company X Honeywell Inc. X

29801 Euclid Ave. Process Control Division
Wickliffe, OH  44092 1100 Virginia Dr.
216-585-8500 Fort Washignton, PA  19034
FAX 216-943-4609 215-641-3000

Control Components Inc. X ITT Conoflow X X

22591 Avenida Empresa ITT Fluid Technology Corp
Rancho St. Margarita, CA 92688 Route 78
714-858-1877 PO Box 768
FAX 714-858-1878 St. George, SC  29477

803-563-9281
Copes-Vulcan Inc. X X FAX 803-563-2131

Martin & Rice Ave.
Lake City, PA  16423-0577 ITT Engineered Valves X

814-774-1500 114 Mayfield Ave
FAX 814-774-1681 PO Box 3053

Edison, NJ  08818-9869
Dresser Masoneilan X X X 800-548-8382
Dresser Valve & Controls Division FAX 717-291-2025
16503 Park Row
Houston, TX  77084 Keystone Controls, Inc. X X

713-492-0753 7241 N. Gessner
FAX 713-492-6892 Houston, TX  77040

713-937-5477
FAX 713-937-5449
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Company/Address
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r
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c
e
r

B
o
o
s
t
e
r Company/Address

A
c
t
u
a
t
o
r

P
o
s
i
t
i
o
n
e
r

T
r
a
n
s
d
u
c
e
r

B
o
o
s
t
e
r

Moore Products Co. X X X Velan Valve Corporation X
Sumneytown Pike Avenue C

Spring House, PA  19477 Griswold Industrial Park
215-646-7400 Williston, VT  05495

514-748-7743
Neles-Jamesbury X X FAX 515-748-8635
640 Lincoln St.

Worcester, MA  01605 Xomox Corporation X
508-852-0200 4444 Cooper Road

FAX 508-852-8172 Cincinnati, OH  45242
513-745-6000

Valtek Inc. X X X FAX 513-745-6972
Mtn Springs Pkwy

PO Box 2200
Springville, UT  84663-0903

801-489-8611
FAX 801-489-3719
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BEHALF OF ANY OF THEM:

(A) MAKES ANY WARRANTY OR REPRESENTATION WHATSOEVER, EXPRESS OR IMPLIED, (I) WITH RESPECT
TO THE USE OF ANY INFORMATION, APPARATUS, METHOD, PROCESS OR SIMILAR ITEM DISCLOSED IN THIS
REPORT, INCLUDING MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE, OR (II) THAT SUCH USE
DOES NOT INFRINGE ON OR INTERFERE WITH PRIVATELY OWNED RIGHTS, INCLUDING ANY PARTY’S
INTELLECTUAL PROPERTY, OR (III) THAT THIS REPORT IS SUITABLE TO ANY PARTICULAR USER’S
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(B) ASSUMES RESPONSIBILITY FOR ANY DAMAGES OR OTHER LIABILITY WHATSOEVER (INCLUDING ANY
CONSEQUENTIAL DAMAGES, EVEN IF EPRI OR ANY EPRI REPRESENTATIVE HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES) RESULTING FROM YOUR SELECTION OR USE OF THIS REPORT OR ANY
INFORMATION, APPARATUS, METHOD, PROCESS OR SIMILAR ITEM DISCLOSED IN THIS REPORT.

6. EXPORT
The laws and regulations of the United States restrict the export and re-export of any portion of this report,
and you agree not to export or re-export this report or any related technical data in any form without the
appropriate United States and foreign government approvals.

7. CHOICE OF LAW
This agreement will be governed by the laws of the State of California as applied to transactions taking place
entirely in California between California residents.

8. INTEGRATION
You have read and understand this agreement, and acknowledge that it is the final, complete and exclusive
agreement between you and EPRI concerning its subject matter, superseding any prior related under-
standing or agreement. No waiver, variation or different terms of this agreement will be enforceable against
EPRI unless EPRI gives its prior written consent, signed by an officer of EPRI.
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Electric Power Research Institute
3412 Hillview Avenue
P.O. Box 10412
Palo Alto, California 94303
800-313-EPRI
www.epri.com

About EPRI
Electricity is increasingly recognized
as a key to societal progress
throughout the world, driving
economic prosperity and improving
the quality of life. The Electric Power
Research Institute delivers the
science and technology to make the
generation, delivery, and use of
electricity affordable, efficient, and
environmentally sound.

Created by the nation’s electric
utilities in 1973, EPRI is one of
America’s oldest and largest research
consortia, with some 700 members
and an annual budget of about $500
million.  Linked to a global network of
technical specialists, EPRI scientists
and engineers develop innovative
solutions to the world’s toughest
energy problems while expanding
opportunities for a dynamic industry.

EPRI.  Powering Progress
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