3.8 Actuators

Pneumatically-operated control valve
actuators are the most popular type in
use, but electric, hydraulic, and manual
actuators are also widely used. The
spring-and-diaphragm pneumatic
actuator is most commonly specified
due to its dependability and simplicity
of design. Pneumatically-operated
piston actuators provide high stem
force output for demanding service
conditions. Adaptations of both spring-
and-diaphragm and pneumatic piston
actuators are available for direct
installation on rotary control valves.

Direct-Acting

Figure 3.37 Diaphragm Actuators

3.8.1 Diaphragm Actuators

® Pneumatically-operated diaphragm
actuators use air supply from
controllers, positioners, or other
sources.

m Various styles include: direct-acting,
in which the increasing air pressure
pushes the diaphragm down and
extends the actuator stem (Figure
3.37); reverse-acting, in which the
increasing air pressure pushes the
diaphragm up and retracts the
actuator stem (Figure 3.37);
reversible, in which actuators can be
assembled for either direct or reverse
action (Figure 3.38); direct-acting
unit for rotary valves, in which the
increasing air pressure pushes down
on the diaphragm, which, depending
on orientation of the actuator lever
on the valve shaft, may either open
or close the valve (see Figure 3.39).

m Net output thrust is the difference
between diaphragm force and
opposing spring force.

m Molded diaphragms provide linear
performance and increased travels.

m Qutput thrust required and supply

Reverse-Acting
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air pressure available dictate size.

m Diaphragm actuators are simple,
dependable, and economical.

Figure 3.38 Field-Reversible Multi-Spring Actuator

Figure 3.39 Diaphragm Actuator for Rotary Valve

3.8.2 Piston Actuators

m Piston actuators are pneumatically-
operated using high-pressure plant
air up to 150 psig (10.3 bar), often
eliminating the need for a supply
pressure regulator.

m Piston actuators furnish maximum
thrust output and fast stroking speeds.

m Piston actuators are double-acting to
give maximum force in both
directions, or spring-return to
provide fail-open or fail-closed
operation (Figure 3.40).

m Various accessories can be
incorporated to position a double-
acting piston in the event of supply
pressure failure, including pneumatic
trip valves and lock-up systems.
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m Other versions for service on rotary
control valves include a sliding seal in
the lower end of the cylinder. This
permits the actuator stem to move
laterally, as well as up and down
without leakage of cylinder pressure.
This feature permits direct
connection of the actuator stem to
the actuator lever mounted on the
rotary valve shaft, thus eliminating
one joint or source of lost motion.

Figure 3.40 Control Valve with Double-Acting
Piston Actuator

Figure 3.41 Control Valve with Scotch-Yoke
Piston Actuator

3.8.3 Manual Actuators

m Manual actuators are useful where
automatic control is not required,
but where ease of operation and
good manual control is still necessary
(Figures 3.42 and 3.43). They are
often used to actuate the bypass
valve in a three-valve bypass loop
around control valves for manual
control of the process during
maintenance or shut down of the
automatic system.

m Manual actuators are available in
various sizes for both globe-style and
rotary valves.
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m Dial-indicating devices are available
for some models to permit accurate

repositioning of the valve plug or disk.

® Manual actuators are much less
expensive than automatic actuators.

Figure 3.42 Manual Actuator for Sliding-Stem Valves

Figure 3.43 Manual Actuator for Rotary Valves

3.8.4 Rack-and-Pinion Actuators

Rack-and-pinion designs provide a
compact and economical solution for
rotary valves (Figure 3.44). Because of
backlash, they are typically used for on/
off applications or where process
variability is not a concern.

Figure 3.44 Rack-and-Pinion Actuator

3.8.5 Electric Actuators

Electric actuator designs use an electric
motor and some form of gear reduction
to move the valve plug (Figures 3.45 and
3.46). While electric actuators have
traditionally been limited to on/off
operation, some are now capable of
continuous control. The use of brushless
motors in electric actuators can reduce
or eliminate motor burnout associated
with turning the motor on and off rapidly.
The initial purchase price still tends to
remain above that of pneumatic
actuation. The primary usage of electric
actuation is in areas where instrument air
is not readily available or where an
insufficient quantity of valves exist to
justify the cost of a compressor system.

Figure 3.45 Electric Actuator for Sliding-Stem Valve

Figure 3.46 Electric Actuator for Rotary Valve

73



	Introduction to Control Valves
	1.1 What is a Control Valve?
	1.2 Sliding-Stem Control Valve Terminology
	1.3 Rotary Control 
Valve Terminology
	1.4 Control Valve Functions and Characteristics Terminology
	1.5 Process Control Terminology

	Control Valve Performance
	2.1 Process Variability
	2.1.1 Deadband
	2.1.1.1 Causes of Deadband
	2.1.1.2 Effects of Deadband
	2.1.1.3 Performance Tests
	2.1.1.4 Friction

	2.1.2 Actuator and 
Positioner Design
	2.1.3 Valve Response Time
	2.1.3.1 Dead Time
	2.1.3.2 Dynamic Time
	2.3.1.3 Solutions
	2.3.1.4 Supply Pressure
	2.3.1.5 Minimizing Dead Time
	2.3.1.6 Valve Response Time

	2.1.4 Valve Type and Characterization
	2.1.4.1 Installed Gain
	2.1.4.2 Loop Gain
	2.1.4.3 Process Optimization

	2.1.5 Valve Sizing

	2.2 Economic Results
	2.3 Summary

	Valve and Actuator Types
	3.1 Control Valve Styles
	3.1.1 Globe Valves
	3.1.1.1 Single-Port Valve Bodies
	3.1.1.2 Post- and Port-Guided 
Valve Bodies
	3.1.1.3 Cage-Style Valve Bodies
	3.1.1.4 Double-Ported Valve Bodies
	3.1.1.5 Three-Way Valve Bodies

	3.1.2 Sanitary Valves
	3.1.3 Rotary Valves
	3.1.3.1 Butterfly Valve Bodies
	3.1.3.2 Segmented Ball Valve Bodies
	3.1.3.3 High-Performance Butterfly Valve Bodies
	3.1.3.4 Eccentric Plug Valve Bodies
	3.1.3.5 Full-Port Ball Valve Bodies
	3.1.3.6 Multi-Port Flow Selector


	3.2 Control Valve 
End Connections
	3.2.1 Screwed Pipe Threads
	3.2.2 Bolted Gasketed Flanges
	3.2.3 Welded End Connections
	3.2.4 Other Valve End Connections

	3.3 Valve Body Bonnets
	3.3.1 Extension Bonnets
	3.3.2 Bellows Seal Bonnets

	3.4 Control Valve Packing
	3.4.1 PTFE V-Ring
	3.4.2 Laminated and 
Filament Graphite
	3.4.3 U.S. Regulatory Requirements for Fugitive Emissions
	3.4.4 Global Standards for 
Fugitive Emissions
	3.4.5 Single PTFE V-Ring Packing
	3.4.6 ENVIRO-SEAL PTFE Packing
	3.4.7 ENVIRO-SEAL Duplex Packing
	3.4.8 ISO-Seal PTFE Packing
	3.4.9 ENVIRO-SEAL Graphite ULF
	3.4.10 HIGH-SEAL Graphite ULF
	3.4.11 ISO-Seal Graphite Packing
	3.4.12 ENVIRO-SEAL Graphite for Rotary Valves
	3.4.13 Graphite Ribbon for 
Rotary Valves
	3.4.14 Sliding-Stem Environmental Packing Selection
	3.4.15 Rotary Environmental Packing Selection

	3.5 Characterization of Cage-Guided Valve Bodies
	3.6 Valve Plug Guiding
	3.7 Restricted-Capacity Control Valve Trim
	3.8 Actuators
	3.8.1 Diaphragm Actuators
	3.8.2 Piston Actuators
	3.8.4 Rack-and-Pinion Actuators
	3.8.5 Electric Actuators


	Control Valve Accessories
	4.1 Environmental & Application Considerations
	4.2 Positioners
	4.2.1 Pneumatic Positioners
	4.2.2 Analog I/P Positioners
	4.2.3 Digital Valve Controllers
	4.2.3.1 Diagnostics
	4.2.3.2 Two-Way Digital Communication


	4.3 I/P Transducers
	4.4 Volume Boosters
	4.5 Safety Instrumented Systems (SIS)
	4.5.1 Partial Stroke Testing

	4.6 Controllers
	4.7 Position Transmitters
	4.8 Limit Switches
	4.9 Solenoid Valves
	4.10 Trip Systems
	4.11 Handwheels

	Control Valve Sizing
	5.1 Control Valve Dimensions 
	5.1.1 Face-to-Face Dimensions for Flanged, Globe-Style Control Valves
	5.1.2 Face-to-Face Dimensions for Butt Weld-End, Globe-Style 
Control Valves
	5.1.3 Face-to-Face Dimensions for Socket Weld-End, Globe-Style 
Control Valves 
	5.1.4 Face-to-Face Dimensions for Screwed-End, Globe-Style Control Valves
	5.1.5 Face-to-Centerline Dimensions for Raised-Face, Globe-Style Angle Control Valves 
	5.1.6 Face-to-Face Dimensions for Separable Flange, Globe-Style 
Control Valves
	5.1.7 Face-to-Face Dimensions for Flanged and Flangeless Rotary Control Valves (Except Butterfly)
	5.1.8 Face-to-Face Dimensions for Single Flange (Lug-Type) and Flangeless (Wafer-Type) Butterfly Control Valves
	5.1.9 Face-to-Face Dimensions for High-Pressure Butterfly Valves with Offset Design

	5.2 Control Valve Seat Leakage Classifications
	5.3 Class VI Maximum Seat Leakage Allowable
	5.4 Control Valve 
Flow Characteristics
	5.4.1 Flow Characteristics
	5.4.2 Selection of 
Flow Characteristics

	5.5 Valve Sizing
	5.7 Equation Constants 
	5.8 Sizing Valves for Liquids
	5.8.1 Determining FP , the Piping Geometry Factor, and FLP , the Liquid Pressure-Recovery Factor Adjusted for Fittings
	5.8.2 Determining the Pressure Drop to Use for Sizing, ∆Psizing 
	5.8.3 Calculating the Required Flow Coefficient, Cv 
	5.8.4 Liquid Sizing Sample Problem

	5.9 Sizing Valves for Compressible Fluids
	5.9.1 Determining FP , the Piping Geometry Factor and xTP , the Pressure Drop Ratio Factor at Choked Flow with Attached Fittings
	5.9.2 Determining the Pressure Drop Ratio to Use for Sizing, xsizing, and the Expansion Factor, Y
	5.9.3 Calculating Flow Coefficient (Cv)
	5.9.4 Compressible Fluid Sizing Sample Problem No. 1
	5.9.5 Compressible Fluid Sizing Sample Problem No. 2

	5.10 Representative Sizing Coefficients
	5.10.1 Representative Sizing Coefficients for Single-Ported, Globe-Style Valve Bodies
	5.10.2 Representative Sizing Coefficients for Rotary Valves 

	5.11 Actuator Sizing
	5.11.1 Globe Valves
	5.11.1.1 Unbalance Force (A)
	5.11.1.2 Force to Provide Seat Load (B)
	5.11.1.3 Packing Friction (C)
	5.11.1.4 Additional Forces (D)

	5.11.2 Actuator Force Calculations

	5.12 Actuator Sizing for Rotary Valves
	5.12.1 Torque Equations
	5.12.2 Breakout Torque
	5.12.3 Dynamic Torque

	5.13 Typical Rotary Valve Torque Factors
	5.13.1 Torque Factors for V-Notch Ball Valve with Composition Seal
	5.13.2 Torque Factors for High-Performance Butterfly Valve with Composition Seal
	5.13.2.1 Maximum Rotation


	5.14 Cavitation and Flashing
	5.14.1 Choked Flow Causes Flashing and Cavitation
	5.14.2 Valve Selection for 
Flashing Service
	5.14.3 Valve Selection for 
Cavitation Service

	5.15 Noise Prediction
	5.15.1 Aerodynamic
	5.15.2 Hydrodynamic

	5.16 Noise Control
	5.17 Noise Summary
	5.18 Packing Selection
	5.18.1 Packing Selection Guidelines for Sliding-Stem Valves
	5.18.2 Packing Selection Guidelines for Rotary Valves

	5.19 Valve Body Materials
	5.19.1 Designations for Common Valve Body Materials

	5.20 Pressure-Temperature Ratings
	5.20.1 Pressure-Temperature Ratings for Standard Class ASTM A216 Grade WCC Cast Valves
	5.20.2 Pressure-Temperature Ratings for Standard Class ASTM A217 Grade WC9 Cast Valves
	5.20.3 Pressure-Temperature Ratings for Standard Class ASTM A351 Grade CF3 Cast Valves
	5.20.4 Pressure-Temperature Ratings for Standard Class ASTM A351 Grades CF8M and CG8M(1) Valves

	5.21 Non-Metallic Material Abbreviations
	5.22 Non-Destructive 
Test Procedures
	5.22.1 Magnetic Particle 
(Surface) Examination
	5.22.2 Liquid Penetrant 
(Surface) Examination
	5.22.3 Radiographic 
(Volumetric) Examination
	5.22.4 Ultrasonic 
(Volumetric) Examination


	Special Control Valves
	6.1 High-Capacity 
Control Valves
	6.2 Low-Flow Control Valves
	6.3 High-Temperature Control Valves
	6.4 Cryogenic Service Valves
	6.5 Valves Subjected to Cavitation and Fluids 
with Particulate
	6.6 Customized Characteristics, Noise Abatement, and 
Cavitation Mitigation Trims
	6.7 Control Valves for Nuclear Service in the U.S.
	6.8 Valves Subjected to Sulfide Stress Cracking
	6.8.1 Pre-2003 Revisions of 
NACE MR0175
	6.8.2 NACE MR0175/ISO 15156
	6.8.3 NACE MR0103


	Steam Conditioning
	7.1 Understanding Desuperheating
	7.1.1 Technical Aspects 
of Desuperheating

	7.2 Typical Desuperheater Designs
	7.2.1 Fixed-Geometry Nozzle Design
	7.2.2 Variable-Geometry 
Nozzle Design
	7.2.3 Self-Contained Design
	7.2.5 Geometry-Assisted 
Wafer Design

	7.3 Understanding Steam Conditioning Valves
	7.4 Steam Conditioning Valves
	7.4.1 Steam Attemperator
	7.4.2 Steam Sparger

	7.6 Turbine Bypass 
System Components
	7.6.1 Turbine Bypass Valves
	7.6.2 Turbine Bypass Water 
Control Valves
	7.6.3 Actuation


	Installation and Maintenance
	8.1 Proper Storage 
and Protection
	8.2 Proper Installation Techniques
	8.2.1 Read the Instruction Manual
	8.2.2 Be Sure the Pipeline Is Clean
	8.2.4 Use Good Piping Practices
	8.2.5 Flushing/Hydro/Start-Up Trim

	8.3 Control Valve Maintenance
	8.3.1 Reactive Maintenance
	8.3.2 Preventive Maintenance
	8.3.3 Predictive Maintenance
	8.3.4 Using Control 
Valve Diagnostics
	8.3.4.1 Instrument Air Leakage
	8.3.4.2 Supply Pressure
	8.3.4.3 Travel Deviation and 
Relay Adjustment
	8.3.4.4 Instrument Air Quality
	8.3.4.5 In-Service Friction and 
Friction Trending
	8.3.4.6 Other Examples

	8.3.5 Continued Diagnostics Development

	8.4 Service and Repair Parts
	8.4.1 Recommended Spare Parts
	8.4.2 Using Original Equipment Manufacturers (OEM) Parts
	8.4.3 Consider Upgrades for the Valve Trim

	8.5 Actuator Maintenance
	8.5.1 Spring-and-Diaphragm Actuators 
	8.5.2 Piston Actuators
	8.5.3 Stem Packing
	8.5.4 Seat Rings
	8.5.4.1 Replacing Seat Rings
	8.5.4.2 Connections: Plug-to-Stem, Ball-to-Shaft, and Disk-to-Shaft

	8.5.5 Bench Set
	8.5.6 Valve Travel


	Standards and Approvals
	9.1 Control Valve Standards
	9.1.1 American Petroleum 
Institute (API)
	9.1.2 American Society of Mechanical Engineers (ASME)
	9.1.3 European Committee for Standardization (CEN)
	9.1.3.1 European Industrial Valve Standards
	9.1.3.2 European Material Standards
	9.1.3.3 European Flange Standards

	9.1.4 Fluid Controls Institute (FCI)
	9.1.5 Instrument Society of 
America (ISA)
	9.1.6 International Electrotechnical Commission (IEC)
	9.1.7 Manufacturers Standardization Society (MSS)
	9.1.8 NACE International

	9.2 Product Approvals for Hazardous (Classified) Locations
	9.2.1 Hazardous Location Approvals and Definitions

	9.3 Classification Systems
	9.3.1 Class/Division System
	9.3.2 Zone System
	9.3.3 Equipment Groups
	9.3.4 Equipment Subgroups
	9.3.4.1 Group II (Commonly referred to as the “Gas Group”)
	9.3.4.2 Group III (Commonly referred to as the “Dust Group”)

	9.3.5 Type of Protection
	9.3.5.1 Electrical Equipment
	9.3.5.2 Non-Electrical Equipment

	9.3.6 Level of Protection
	9.3.7 Equipment Protection Level (EPL)

	9.4 Temperature Code
	9.5 Nomenclature
	9.5.1 Class/Division System
	9.5.2 Zone System
	9.5.3 Wiring Practices
	9.5.4 European Union (EU) – ATEX Directive 2014/34/EU

	9.6 Protection Techniques and Methods
	9.6.1 Explosion-Proof or Flame-Proof Technique
	9.6.2 Intrinsically-Safe Technique
	9.6.3 Non-Incendive or 
Type n Technique
	9.6.4 Increased Safety
	9.6.5 Dust Ignition-Proof or Enclosure Dust-Proof

	9.7 Enclosure Ratings

	Isolation Valves 
	10.1 Basic Valve Types
	10.1.1 Gate Valves
	10.1.2 Globe Valves
	10.1.3 Check Valves
	10.1.4 Bypass Valves
	10.1.6 Pinch Valves
	10.1.7 Ball Valves
	10.1.8 Butterfly Valves
	10.1.9 Plug Valves


	Solenoid Valves
	11.1 Solenoid Valves

	Safety Instrumented Systems
	12.1 Safety and Layers 
of Protection
	12.2 Safety Instrumented Systems (SIS)
	12.3 Safety Standards
	12.4 Safety Integrity 
Level (SIL)
	12.5 Probability of Failure Upon Demand
	12.6 Final Elements, Proof Testing, and Partial Stroke Testing Techniques
	12.7 Partial Stroke Testing
	12.8 Online Testing Methods for the Final Element
	12.9 Digital Valve Controller Use for Partial Stroke Testing
	12.10 High-Integrity Pressure Protection 
System (HIPPS)
	12.11 Functionality of 
the HIPPS 
	12.12 Testing Requirements

	Engineering Data
	13.1 Standard Specifications for Pressure-Retaining 
Valve Materials
	13.2 Valve Material Properties for 
Pressure-Containing Components 
	13.3 Physical Constants of Hydrocarbons
	13.4 Specific Heat Ratio (k)
	13.5 Physical Constants of Various Fluids
	13.6 Refrigerant 717 (Ammonia) Properties of Liquid and Saturated Vapor
	13.7 Properties of Water
	13.8 Properties of Saturated Steam
	13.9 Properties of Superheated Steam

	Pipe Data
	14.1 Pipe Engagement
	14.2 Carbon and Alloy Steel - Stainless Steel
	14.3 American Pipe Flange Dimensions
	14.3.1 Diameter of Bolt Circles 
	14.3.2 Number of Stud Bolts and Diameter
	14.3.3 Flange Diameter
	14.3.4 Flange Thickness for Flange Fittings

	14.4 Cast Steel Flange Standards
	14.4.1 Cast Steel Flange Standard for PN 10
	14.4.2 Cast Steel Flange Standard for PN 16
	14.4.3 Cast Steel Flange Standard for PN 25
	14.4.4 Cast Steel Flange Standard for PN 40
	14.4.5 Cast Steel Flange Standard for PN 63
	14.4.6 Cast Steel Flange Standard for PN 100
	14.4.7 Cast Steel Flange Standard for PN 160
	14.4.8 Cast Steel Flange Standard for PN 250
	14.4.9 Cast Steel Flange Standard for PN 320
	14.4.10 Cast Steel Flange Standard for PN 400


	Conversions and Equivalents
	15.1 Length Equivalents
	15.2 Whole Inch to Millimeter Equivalents
	15.3 Fractional Inch to Millimeter Equivalents
	15.4 Additional Fractional Inch to Millimeter Equivalents
	15.5 Area Equivalents
	15.6 Volume Equivalents
	15.7 Volume Rate Equivalents
	15.8 Mass Conversion–Pounds to Kilograms
	15.9 Pressure Equivalents
	15.10 Pressure Conversion–Pounds Per Square Inch to Bar
	15.11 Temperature Conversion Formulas
	15.12 Temperature Conversions
	15.13 API and Baumé Gravity Tables and Weight Factors
	15.14 Other Useful Conversions
	15.15 Metric Prefixes and Suffixes

	Index
	Chapter 5

	See Additional Resources 25: 
	Page 71: 
	Page 73: 

	Diaphram Actuators 2: 
	Piston Actuators 2: 
	Basic Actuator Operation for Rotary Valves: 


