SECTION 1
INTRODUCTORY REVIEW

G. McMillan

From the mid-1970s to the mid-1990s, the hiring of engineers and technicians dwindled to new lows.
Technical training was replaced with management training programs. Fast-track employees aspired
to be managers rather than technical leaders. This, combined with the early retirement of most of
the experienced engineers and technicians, led to a huge gap in age and experience in the area of
process/industrial instrumentation and control. Companies have attempted to replenish their technical
capability in the past few years, but the new hires are typically not given a mentor, access to a technical
training program, and technical support. Nor are they given time to develop their skills on projects of
incremental complexity. Often they are thrown immediately into some very difficult situations.

To help address this new need, the emphasis of the new material in the handbook has shifted from
operating principles to application guidance. New features and process conditions that are important
considerations for successful installations are discussed. Selection ratings, key points, and rules of
thumb are offered. This update provides the reader with a perspective and appreciation for what is
important for implementation from authors with decades of experience.

Plants have also suffered from neglect. In attempt to improve the return on equity, capital was not
made available to replace old equipment. Meantime, the surge in the economy means plants are running
at 200% or more of name-plate capacity. As a result, equipment is pushed beyond its normal operating
region. This has increased the benefits from process control improvement to get the most out of a
plant. Section 10 has been added to provide a comprehensive treatment of this important opportunity.

The biggest news, of course, is the move to smart instrumentation, the Windows NT platform, and
Fieldbus. Distributed Control Systems and Field-Based Systems in Section 3, Knowledge-Based Op-
erator Training in Section 8, Instrument Maintenance Cost Reduction in Section 10, and an Overview
of the ISA/IEC Fieldbus Standard in Section 11 provide information essential to get the most out of
these major shifts in technology.

Finally, standards have been recently developed to address safety, batch operation, and Fieldbus.
Section 11 has been added to provide an overview of the important aspects of these new standards by
authors who have played a key role in their development.

This handbook has been designed for the practitioner who needs to apply instrumentation and
control systems in industry. The following is a walk-through of the technical articles.

SECTION 2: CONTROL SYSTEM FUNDAMENTALS

Control Principles

As was observed by readers of earlier editions, this has been one of the most widely used articles in
this handbook. This article is intended not only for individual study, but also for use by groups of
scholars in college, technical school, and in-plant training programs. The article commences with the
nontheoretical analysis of a typical process or machine control system. Discussed are process reaction
curves, transfer functions, control modes, and single-capacity and multicapacity processes—relating
control characteristics with controller selection.

Techniques for Process Control

This article reviews from both the practical and the theoretical viewpoints the numerous advancements
achieved in solving difficult control problems and in improving the performance of control systems
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where fractional gains in response and accuracy can be translated into major gains in yield and produc-
tivity. This article is the logical next step for the instrumentation and control engineer who understands
the fundamentals of control, but who desires to approach this complex subject in a well-organized
mathematical and theorectical manner. When astutely applied, this advanced knowledge translates
into very practical solutions. The author proceeds in an orderly manner to describe state-space rep-
resentation, transfer-operator representation, the mathematics of open-loop, feedback, feedforward,
and multiple-loop control, followed by disturbance representation, modeling, the algebraics of PID
(proportional-integral-derivative) design, adaptive control, pattern recognition, and expert systems.
The techniques of least squares, batch parameters, the Kalman filter, recursive parameter identification,
and projection also are described.

Basic Control Algorithms

Continuous process control and its counterpart in discrete-piece manufacturing control systems tra-
ditionally were developed on an analog base. Experience over the past few decades has shown that
digital control provides many advantages over analog systems, including greater flexibility to cre-
ate and change designs on line, a wider range of control functions, and newer functions, such as
adaptation. But digital computation is not naturally continuous like the analog controller. The digital
approach requires sophisticated support software.

This article addresses the basic issues of carrying out continuous control in the digital environment,
emphasizing the characteristics that must be addressed in the design of operationally natural control
algorithms. The author describes number systems and basic arithmetic approaches to algorithm design,
including fixed-point and floating-point formats. Lag, lead/lag, and dead-time calculations required
in the development of a basic control algorithm are presented. Also included are descriptions of
quantization and saturation effects, the identification and matrix-oriented issues, and software and
application issues. A closing appendix details the generalized floating-point normalization function.

Safety in Instrumentation and Control Systems

Never to be taken lightly are those features that must be engineered into control systems on behalf
of protecting plant personnel and plant investment, and to meet legal and insurance standards. This is
a major factor of concern to users and suppliers alike. Even with efforts made toward safety design
perfection, accidents can happen.

The author of this article carefully defines the past actions and standards that have been set up by
such organizations as the International Electrotechnical Commission (IEC). He gives descriptions of
numerous techniques used to reduce explosion hazards, including design for intrinsic safety, the use of
explosionproof housings, encapsulation, sealing, and pressurization systems. Obtaining certification
approval by suppliers and users of intrinsically safe designs is discussed in some detail, along with
factors pertaining to the installation of such equipment.

SECTION 3: CONTROLLERS

Distributed Control Systems

This article traces the evolution of the distributed control system (DCS). It provides an interesting
perspective of how concerns and demands have been addressed. Of particular importance is the
discussion of how the DCS is meeting the needs to be open and to take advantage of new market
trends. The advantages of interfacing third-party software for advanced applications such as expert
systems and production management control is highlighted. The effects of Fieldbus, Windows NT,
and the Internet are analyzed. Finally, a comprehensive list of DCS selection criteria is offered to help
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the user make the most complex and far-reaching decisions in instrumentation and process control in
that it sets the ease and degree of automation, maintenance, and operability of the plant.

Programmable Controllers

The author provides a perspective of the criteria for making the many choices of architecture, software,
and hardware. The tables of the choices of networks and input/output (I/O) outline the essential issues.
The discussion of controller size, modularity, and distribution addresses the key questions for any
application. The article also provides a balanced view of alternatives such as PC-based soft control.
Both the user and the supplier will benefit from this treatment of this important component of discrete
manufacturing, safety interlock, and sequential control systems:

Stand-Alone Controllers

The continuing impressive role of these controllers, particularly in non-CIM environments, is empha-
sized. Descriptions include revamped and modernized versions of these decades-old workhorses. A
potpourri of currently available stand-alone controllers is included, with emphasis on new features,
such as self-tuning and diagnosis, in addition to design conformation with European DIN (Deutsche
Industrie Norm) standards.

Hydraulic Controllers

The important niche for powerful hydraulic methods continues to exist in the industrial control field.
The principles, which were established decades ago, are described, including jet pipe, flapper, spool,
and two-stage valves. Contemporary servo valves are discussed. Hydraulic fluids, power considera-
tions, and the selection criteria for servo or proportional valves are outlined. A tabular summary of
the relative advantages and limitations of various hydraulic fluids, including the newer polyol esters,
is included.

Batch Process Control

During the past few years much attention has been directed toward a better understanding of the
dynamics of batch processes in an effort to achieve greater automation by applying advanced control
knowledge gained from experience with continuous process controls and computers. This has proved
to be more difficult and to require more time than had been anticipated. Standards organizations, such as
the Instrument Society of America, continue to work up standards for a batch control model. In this ar-
ticle an attempt has been made to cut through some of the complexities and to concentrate on the basics
rather than on the most complex model one can envision. Batching nomenclature is detailed, and defini-
tions of the batch process are given in simplified, understandable terms. To distinguish among the many
methods available for accomplishing batch control, a tabular summary of process types versus such
factors as duration of process, size of lot or run, labor content, process efficiency, and the input/output
system is given. Interfacing with distributed control system and overall networking are considered.

Automatic Blending Systems

Although the need to blend various ingredients in pots and crocks dates back to antiquity, contem-
porary blending systems are indeed quite sophisticated. The author contracts the control needs for
batch versus continuous blending. A typical blend configuration is diagrammed in detail. Some of the
detailed topical elements presented include liquid or powder blending, blending system sizing, blend
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controllers, stations, and master blend control systems. The application of automatic rate control, time
control, and temperature compensation is delineated.

Distributed Numerical Control and Networking

An expert in the field redefines numerical control (NC) in the contemporary terms of distributed
numerical control (DNC), tracing the developments that have occured since the days of paper-tape
controlled machines. The elements of the basic DNC configuration are detailed in terms of application
and functionality. Much stress is given to behind-the-tape readers (BTRs). The numerous additional
features that have been brought to NC by sophisticated electronic and computer technology are
described. The tactical advantages of the new NC are delineated. The manner in which numerical
control can operate in a distributed personal computer (PC) network environment is outlined. UNIX-
based networks, open architectures, and the Novell networks, for example, are described

Computers and Controls

This article, a compilation by several experts, commences by tracing the early developments of the
main-frame computer, the 1960-1970 era of direct digital control (DDC), up to the contemporary
period of personal computers (PCs) and distributed control system (DCs). Inasmuch as there is another
article in this handbook on DCSs, primary attention in the article is on PCs. The basic PC is described
in considerable detail, including its early acceptance, its major components (microprocessor, mem-
ory, power supply, keyboard, and I/O). The advantages and limitations of the PC’s “connectability”
in all directions, including networks, are discussed. Internal and external bus products are compared.
PC software is discussed, with examples of specific languages and approaches. Software control
techniques are presented in some detail. Progressive enhancement of the PC toward making it more
applicable to process and factory floor needs is reviewed. In consideration of the fact that minicom-
puters and mainframe computers enter into some control situations, a few basic computer definitions
are included in the form of an alphabetical glossary. This is not intended as a substitute for a basic
text on computers, but is included as a convenient tutorial.

Manufacturing Message Specification

This article provides a detailed look into the structure and importance of an international standard
for exchanging real-time data and supervisory control information among networked devices in a
manner that is independent of the application function and the developer. The standard provides
a rich set of services for peer-to-peer real-time communications over a network for many common
control devices such as programmable logic controllers (PLCs), robots, remote terminal units (RTUs),
energy management systems, intelligent electronic devices, and computers. The rigorous yet generic
application services provide a level of interoperability, independence, and data access that minimizes
the life-cycle cost (building, using, and maintaining) of automation systems.

Field-Based Systems

The concept and advantages of a field-based system are introduced. The importance of maximizing
the utility of Fieldbus and the explosive trend of adding more and more intelligence in the field
devices is emphasized by the citation of impressive benefits from the reduction in wiring, termination,
calibration, configuration, commissioning, and maintenance costs. It is also apparent that since the
field-based system uses the same graphical configuration and instruction set as foundation Fieldbus,
the user can focus more on the application and make the location of functionality transparent. The
embedding of more advanced functionality, such as self-tuning into the controller as a standard
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feature, promotes the integrity and use of these techniques. The process simulation links open up
the possibility of knowledge-based training systems (see Section 8) and OPC connectivity enables
value-added applications of third-party software.

SECTION 4: PROCESS VARIABLES—FIELD INSTRUMENTATION

Temperature Systems

Commencing with definitions of temperature and temperature scales and a very convenient chart
of temperature equivalents, the article proceeds to review the important temperature measurement
methodologies, such as thermocouples and resistance temperature detectors (RTDs), with a conve-
nient tabular summary of each for selection purposes. Smart temperature transducers are illustrated
and described. Other temperature measurement methods described include thermistors, solid-state
temperature sensors, radiation thermometers, fiber-optic temperature sensors, acoustic pyrometers,
and filled-system thermometers.

Pressure Systems

This article has been updated to reflect the use of ceramic differential-pressure transmitters and di-
aphragm seals. These are important topics since the proper application of these close-coupled ceramic
d/ps, digital heads, or diaphragm seals can eliminate the installation of sensing lines, which are the
source of most maintenance problems.

Flow Systems

The author provides an easy-to-read view of what is important to ensure the proper selection and in-
stallation of flow meters. The reader should appreciate the clear and concise comparison of the major
types of in-line meters. The application matrix serves as a vital reference of performance parameters.
From the discussion of how fluid conditions affect meters, the user realizes that the many supposed
mass flow meters recently touted in the literature, such as temperature- and/or pressure-corrected pitot
tubes, positive displacement (PD) pumps, vortex meters, magmeters, and thermal mass flow meters,
are dependent on some stringent assumptions. These meters that compute mass flow from several
measurements are based on a constant known composition, a user-defined equation between density,
viscosity, and/or heat capacity and temperature and/or pressure, and a fixed velocity profile, except
for the PD pump. Only the Coriolis mass flow meter is independent of the process fluid and velocity
profile.

Level Systems

The author provides a good perspective of the effect of process conditions on the performance of level
measurements. It becomes apparent that the only continuous level measurements essentially indepen-
dent of the process fluid are radar measurements and floats since they detect the surface. Ultrasonic
measurements also detect the surface but are affected by dust and the composition of the vapor. Hence
a lot of discussion is devoted to the application and the installation of surface detection devices.
Level measurements that use differential pressure or Nuclear devices are greatly affected by fluid
density and hence on both fluid temperature and composition unless a second completely submersed
measurement is used to compute density. Capacitance probes with coating rejection are affected by
the dielectric constant unless a second completely submersed probe is used to measure the dielectric
constant.
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Industrial Weighing and Density Systems

Strain-gauge and pneumatic load cells for weighing various hopper and tank vessels as may be used
in batching systems are described, as well as a microprocessor-based automatic drumfilling scale.
Numerous fluid-density measuring systems are reviewed, including the photoelectric hydrometer and
the inductance bridge hydrometer. Specific-gravity sensors described include the balanced-flow ves-
sel, the displacement meter, and the chain-balanced float gauge. Several density and specific-gravity
scales are defined.

Humidity and Moisture Systems

This is the most well-organized and comprehensive yet concise treatment of these measurements
that can be found in any handbook or journal. This extensive discussion of features, advantages, and
limitations of a wide variety of devices should eliminate much of the confusion about choices and help
make these important measurements more commonly used. Diverse applications are summarized.

SECTION 5: GEOMETRIC AND MOTION SENSORS

Basic Metrology

Of fundamental interest to the discrete-piece manufacturing industries, this article includes the very
basic instrumental tools used for the determination of dimension, such as the interferometer, optical
gratings, clinometer, sine bar, optical comparator, and positioning tables.

Metrology, Position, Displacement, Thickness, and Surface
Texture Measurement

Described are the fundamentals of metrology and rotary and linear motion and the instrumental
means used to measure and control it, such as various kinds of encoders, resolvers, linear variable
differential transformers, linear potentiometric, and the new magnetostrictive linear displacement
transducers. Noncontacting thickness gauges, including the nuclear, x-ray, and ultrasonic types, are
described. The importance and measurement of surface texture are described.

Quality Control and Production Gaging

The fundamentals of statistical quality control (SQC) are presented with definitions of common cause,
control limits, histogram, kurtosis, median, normal distribution, paretochart, skewness, special cause,
and standard deviation. The reader should see world class manufacturing in Section 10 to see how
statistical indices are used for quantifying process control improvements. This article also illustrates
typical installations of impedance-type dimension gauges and provides numerous examples of the
applications.

Object Detectors and Machine Vision

This article starts with a description of the principles and features of inductive, capacitive, ultrasonic,
and photoelectric proximity sensors. This is followed by an introduction to machine vision technology
with an emphasis on data patterns and image processing. It concludes with a discussion of discrete-
piece identification and bar coding.
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Flat Web (Sheet) On-Line Measurement and Control

This article discusses important benefits and application considerations of on-line measurement and
control of sheet thickness in both the cross direction (CD) and the machine direction (MD). The
advantages of new modular, smarter, and more open Windows N'T-based systems are discussed. Simple
equations to predict the speed requirement and limits of CD and MD measurements are presented
along with important application aspects of advanced profile control and constrained multivariable
predictive control and real-time optimization of the sheet line.

Speed, Velocity, and Acceleration Instrumentation

Following definitions of terms, the many kinds of tachometers available are presented, including
dc, ac, voltage-responsive, variable-reluctance, photoelectric, and eddy-current. The tachometerless
regulation of servo speed is described as are governors. Air and gas velocity measurements, including
air-speed indicators and anemometers, are delineated. Vibration measurement and numerous kinds
of accelerometers, including piezoelectric, piezoresistive, and servoaccelerometers, are described.
Velocity transducers for sensing relative motion are discussed.

Vibration Measurements

Vibration measurements and numerous kinds of accelerometers are described. The signal condition-
ing of piezoelectric and piezoresistive accelerometers are explored in greater detail. The effect of
environmental conditions such as temperature, cable motion, mounting compliance, dynamic strain
inputs, and electrostatic and electromagnetic fields are discussed along with the selection and the
installation implications.

SECTION 6: REAL-TIME ANALYTICAL COMPOSITION
MEASUREMENTS FOR INPUT TO PROCESS CONTROL

Introduction

The opening remarks to this section present a unique insightful viewpoint that can be gained only
from decades of experience in designing and installing analyzers and sample systems. The list of
common mistakes and then the steps that can lead to improved performance provide much-needed
words of wisdom. This is followed by a discussion of practical considerations and trends.

Concentration Measurement Technology and Devices

This article starts with a description of the features of thermal conductivity and gas-density detec-
tors. Next, the application options and considerations of conductivity analyzers are outlined. This is
followed by an in-depth look at several different devices. A comprehensive look at pH measurement
details the theory and reality, electrodes, problems and causes, and best practices for measurement,
installation, and maintenance. An extensive list of key points summarizes the essential concepts and
the rules of thumb summarize the important recommendations for pH measurement. The treatment
of turbidity and refractive-index measurements is similarly complete in scope, addressing aspects of
design, installation, calibration, problems and application data. Next, the features and capabilities
of ultraviolet/visible absorption analysis and ionization concentration transducers are discussed. The
article also provides a brief overview of a myriad of other techniques.
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Sample Extraction, Conditioning, Preparation for On-Line Analysis

The success of a non-in-line analyzer depends on its sample system. The sample must present the
right information in a form that maximizes analyzer reliability. This article provides a practical and
extensive compilation of the principles of sample handling and transfer for continuous sampling and
the advantages and sample preparation and multidimensional manipulation techniques for discrete
sampling. It concludes with valve and device configurations and the benefits of trap and transfer
techniques.

System Control and Managing Data

An analyzer system is often like a miniature chemical plant. This article addresses the many issues
involving the control and programming of the system, digital signal processing, information display,
storage, communication, and housing.

Calibration and Validation

This article discusses the aspects of calibration and validation necessary to ensure that the required
performance is met and maintained. Details are provided on standards and methods and the decisions
based on statistical process control (SPC) charts. Several examples are used to illustrate the use of
SPC. Included are concept, maintenance cost evaluation, and performance monitoring.

Application Examples

Actual industry examples drive home the essential ideas and fill in the missing details needed for
practical applications. This article lists informative successful analyzer applications. The system
design is outlined and the results are plotted.

SECTION 7: CONTROL COMMUNICATIONS

Data Signal Handling in Computerized Systems

Networking, whether simple or complex, cannot succeed unless the raw data fed to the network
are reliable, accurate, and free from competing signals. The author defines signal types, termination
panels, field signals and transducers, sampled data systems, analog input systems, analog outputs,
and digital inputs and outputs. Stressed are signal conditioning of common inputs, such as from the
thermocouples, solid-state temperature sensors, and resistance temperature detectors (RTDs). Am-
plifiers, common-mode rejection, multiplexers, filtering, analog signal scaling, and analog-to-digital
and digital-to-analog converters are among the numerous topics covered and profusely illustrated.

Noise and Wiring in Data Signal Handling

The basic problems that a control engineer must seek to correct or avoid in the first place, including
grounding and shielding, are delineated. Troubleshooting for noise is highlighted. A tabular trou-
bleshooting guide is included.



INTRODUCTORY REVIEW 1.9

Industrial Control Networks

Early networking and data highway concepts are described as a basis for understanding the many
more recent concepts. Network protocols, including CSMA/CD, token bus, and token ring, are defined.
Communication models and layers are defined as well as open systems and Fieldbus. The important
more recent roles of fiber-optic cables and networks are described, including the characteristics of
optical fibers or cables and light sources and detectors. Note that this topic appears also in several
other articles of the handbook.

SECTION 8: OPERATOR INTERFACE

Operator Interface—Design Rationale

The basics of good design are brought to the process and machine operator interface. There are
discussions of the fundamental factors that determine good interface design, including human, en-
vironmental, and aesthetic considerations. Graphics used in panels are described as well as visual
displays. The role of color is included. The article ends with a discussion of interface standards and
regulations, maintainability, and miniaturization.

Cognitive Skills and Process Control

The author reports on special studies of the operator interface from an industrial engineering standpoint
and explores in particular the cognitive skills required of an operator.

Distributed Display Architecture

This article essentially zeros in on the CRT and equivalent interfaces that do not enjoy the attributes
of larger panels. Interactive graphics are described in some detail.

Operator Training

The need for these operator training systems has dramatically increased because of the decrease in
resources, the push for more capacity from stressed equipment, and the advent of more complex
automation strategies. This article describes the concept of a graphical Windows NT operator training
system that uses a dynamic model and field-based system configuration as the knowledge bases
for the plant and the control system, respectively. The incremental improvements and performance
requirements are detailed.

Smart Alarms

The distributed control system (DCS) has increased the number of alarms by an order of magnitude.
The operator becomes insensitive to frequent alarms and is subjected to a barrage of alarms during a
crisis or a shutdown. This article describes how the alarm, instead of triggering alarms off of a high
or a low measurement, should be built up to show the actual operating condition from information
from diverse sources such as sensors, tasks, modes, outputs, and other alarms. When done properly,
a single alarm is generated that identifies the root cause.
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SECTION 9: VALVES, SERVOS, MOTORS, AND ROBOTS

Process Control Valves

This article describes not only both general and special types of control valves, actuators, and ac-
cessories in terms of features needed in a large variety of applications, it also describes the issues
to be addressed for the best valve and material selection. Also offered are helpful hints on storage
and protection and installation techniques. A new topic on control valve performance highlights the
choices and the benefits associated with minimizing the dead band and the nonlinearity of the control
valve characteristic. The new opportunity of using smart digital positioners to monitor and improve
valve performance is outlined. Finally, an extensive troubleshooting chart lists the causes and the
solutions for major problems and symptoms of erosion, leakage, and poor response.

Control Valve Cavitation

The author provides knowledge from years of study of the fundamentals of cavitation, emphasizing
cavity behavior and its negative effects on valve and system performance. The importance of valve
sizing and selection toward the avoidance of cavitation problems is stressed.

Control Valve Noise

This research specialist addresses the serious problem of valve noise. Noise terminology is defined.
The kinds of noise encountered—mechanical, hydrodynamic, and aerodynamic—are delineated. Sug-
gestions for reducing noise are given.

Servomotor Technology in Motion Control Systems

This rather exhaustive article, directed mainly to engineers in the discrete-piece manufacturing in-
dustries, also finds generous application in the process industries. It embraces factors in selecting a
servomotor, describing the basic kinds of dc motors, hybrid servos, stepper motors, linear steppers,
power transmission drives, stepper motor drives, emergency stop measures, machine motion control
systems, and a potpourri of motion control systems.

Solid-State Variable-Speed Drives

Robots

There has been a profusion of solid-state variable-speed motor drives ranging from subfractional
to multithousand horsepower rating. Semiconductor switching devices and their impact on the de-
velopment of ac variable-frequency drives is described. There is an extensive review of the various
types of medium-voltage variable-frequency drives such as the load commuted inverter, filter com-
muted thyristor inverter, current-fed GTO inverter, neutral-point-clamped inverter, multilevel series
cell VFD, and the cycloconverter. The comparison table provides a useful aid for selecting the right
drive.

The technology of robotics, after an amazing surge of activity, now has reached a reasonable stage
of maturity and acceptance. In this article the basic format of the robot is described, that is, its char-
acteristics, including axes of motion, degrees of freedom, load capacity, and power requirements, as
well as its dynamic properties, including stability, resolution and repeatability, and compliance among
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other characteristics. End effectors or grippers are presented. Workplace configurations are analyzed.
Robot programming and control are explained and numerous styles of robots are illustrated.

Current-to-Pressure Transducers for Control Valve Actuation

Diaphragm-motor valves (pneumatically operated) remain the principal choice as final control-
ling elements for fluid flow. Although the demand for pneumatic control generally has diminished
over the past few decades, the process control valve is operated by pneumatic force. Thus modern
electronic controllers with digital outputs must utilize some form of current-to-pressure (air) trans-
ducer at the valve site. Several forms are available, including the older flapper-nozzle principles.
This article also describes the combination of the newer pressure sensors with electronic feedback
control.

SECTION 10: PROCESS CONTROL IMPROVEMENT

World Class Manufacturing

This article documents the methodology for finding and quantifying the benefits of process control
improvement that has proven successful in one of the largest chemical companies. The methodology
is extremely powerful yet relatively simple. Indices are developed that quantify the performance
of the process and the control system for key process variables. The difference between these two
indices can be used to estimate the benefits from improved process control. These indices along with
utilization numbers can also be put on line to monitor the health of new control systems implemented
and document the benefits achieved, which is critical for operations motivation and justification for
future improvements.

Plant Analysis, Design, and Tuning for Uniform Manufacturing

This article provides a technical overview of a comprehensive suite of concepts, tools, and techniques
that have become the standard for process control improvement in the pulp and paper
industry. These include plant analysis to measure process and product variability by use of time-series
analysis techniques, plant auditing procedures designed to identify the causes of process variability, an
interpretation of the results in both the time and the frequency domain, the use of spectral analysis for
both diagnostics and design, the use of model-based controller tuning such as internal model control
(IMC) concepts and lambda tuning for both plant design and controller tuning, the use of a tuning
strategy to achieve coordinated dynamics of a process area by preselection of the closed-loop time
constants for each control loop, and understanding the performance-robustness envelop of a control
loop, the impact of actuator nonlinearities on control performance, and the variability propagation
pathways through a complex process. These methods are applicable to all process industries, espe-
cially process control loops on liquid plug flow or unit operations involving gas and solid streams. For
unit operations involving backmixed volumes, there is often a significant process time constant that
attenuates the amplitude of the variability introduced by fast loops (pressure and flow) to the degree
to which the effect on the uniformity of the final product is within the on-line or the lab measurement
resolution and repeatability limits.

Control Valve Response

The author of this article is the technical leader in understanding how the shaft length and connections,
packing, actuator construction, and positioner design affect the ability of the control valve to respond.
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The article correctly focuses on the essential need of the control valve to move within a reasonably
short time to a small change in controller output. The best way to determine this capability is to review
the change in a low-noise highly sensitive flow measurement for a change in controller output of 0.5%.
In many rotary control valves, the actuator shaft will respond, but because of loose connections and
twisting of the shaft, the actual disk or ball will not move. Also, the common practice of making
changes of 10% or more in controller output reveal few, if any, of the problems and make every
control valve look alike.

Process Impact

This article provides definitive examples of how improvements in the regulatory control system can
significantly reduce the variability in processes. These examples show how tuning and decoupling
loops, adding feedforward, and reducing valve dead band can yield impressive results. A case is
developed for dedicating the resources to analyze each loop methodically for process control im-
provement. Most truly successful constrained multivariable predictive control systems and real-time
optimizations demand the improvement of the regulatory control system as a necessary prerequisite.
The benefits from these critical basic improvements are a major part of the total benefits reported for
the advanced control system.

Best Practices, Tools, and Techniques to Reduce the Maintenance Costs
of Field Instrumentation

This article focuses on the source of maintenance problems and how to do predictive as opposed to
preventative maintenance. Good engineering practices are itemized that can greatly reduce the mag-
nitude of the problems to the point to which most problems originate not in the application but in the
manufacturing of the instrument or in the wear-out phase of the instrument. The article discusses the
practical value of specific types of instrument knowledge and process knowledge-based diagnostics.
An important point is made that frequent calibration is counterproductive and that good practices
and smart instrumentation combined with diagnostics provides the confidence needed to leave the
instruments alone. Rules of thumb summarize the overall recommendations.

New Developments in Analytical Measurements

Advanced control systems need concentration measurements in order to truly optimize the process.
This article is a compilation of new industrial methods, such as Near Infared, Fourier Transform
Infrared, Mass Spectrometer, Raman Scattering, Nuclear Magnetic Resonance, X-Ray Fluorescence,
Microwave, and Neutron Activation. Many offer the hope of less sample conditioning and recalibration
and therefore less on-site support. They also open up the opportunity to measure new components
reliably on-line. This article tempers the enthusiasm with a word of caution that newer analyzers use
technologies that are sophisticated and require extensive engineering and setup. The discussion of
application considerations reinforces a practical view of the opportunity.

The Improvement of Advanced Regulatory Control Systems

This article starts with an extensive summary of the problems and causes of poor loop performance.
One of the key discoveries is that measurement and control valve resolution are the largest undoc-
umented sources of loop dead time. The concepts presented help the user track down the cause
of a control problem. It then summarizes good practices for implementing the solutions including
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instrumentation and control valve upgrades, a variety of strategies, such as feedforward, dead time
compensation, and override control, and controller tuning techniques, such as the closed loop, open
loop short cut, and simplified Lambda methods.

Multivariable Predictive Control and Real-time Optimization

The addition of constrained multivariable predictive control is becoming recognized as the largest
proven general opportunity in process control. Unlike other advanced control systems, it has a recog-
nized track record in increasing production capability on the average by 3%—5%. While improvements
in yield have not been as consistently high because of a greater dependence on application specifics,
they are still considerable. This article provides a concise yet thorough treatment of CMPC from
the practitioner’s viewpoint. It provides an understanding of the concepts and the implementation
techniques. The rules of thumb and guidelines on corrections to the regulatory system, plant testing,
controller construction and tuning, and the outlining of maintenance issues are the types of infor-
mation that are greatly needed but not available in the open literature. The article concludes with a
discussion of real-time optimization and future directions.

Neural Networks

The hype of being able to just dump and crank (mine) historical data has distracted users from the
real benefits of neural networks. Neural networks can find nonlinear effects that cannot be computed
based on first principles or even seen because of the number of variables and the complexity of the
relationships. This article provides both a theoretical and a practical understanding of this potential.
Applications as virtual analyzers and in supervisory control are discussed. Perhaps the most underrated
opportunity is the one of knowledge discovery in which the neural network identifies previously
unrecognized key relationships. The guidelines presented on building neural networks are based on
years of industrial application experience.

SECTION 11: STANDARDS OVERVIEW

Safety-Instrumented (Interlock) Systems

This article provides an overview of ISA S84 and IEC 1508/1511 standards that define a detailed,
systematic, methodical, well-documented design process for the design of safety-instrumented sys-
tems. It starts with a safety review of the process, implementation of other safety layers, systematic
analysis, as well as detailed documentation and procedures. The steps are described as a safety-design
life cycle. The intent is to leave a documented, auditable trail and make sure that nothing is neglected.
While these procedures are time consuming, the improvements pay off in not only a safer but a better
performing process (an in-depth study has shown that as safety increased, production also increased).
The implications in terms of logic system, sensor, redundancy, final elements, and solenoid design
and installation are discussed. Key points and rules of thumb summarize the recommendations.

An Overview of the ISA/IEC Fieldbus

Fieldbus promises to revolutionize instrument installations. This article documents the savings from re-
duced terminations, home run wiring, I/O cards, and control-room panel space and faster configuration,
engineering, documentation, checkout, and commissioning. It also discusses the installation options,
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such as cable types, devices per spur, topology, and junction box details, and the execution and status of
the basic and advanced function blocks. These function blocks are comprehensive enough to become
the common control language that leads to standardization and a seamless transition between function-
ality in the control room and in the field. Rules of thumb for proper implementation are also offered.

Batch Control: Applying the $88.01 Standard

In this article, the S88.01 standard is discussed and a methodology is presented for applying the
standard to the definition of control system requirements for batch processes. This methodology uses
an object-oriented approach that fits well with batch control and the S88.01 standard, including the
development of objects that can be reused from project to project. Significant savings from applying the
S$88.01 standard have been demonstrated in all phases of batch control projects. The separation of the
recipe procedure from the equipment logic is emphasized. This separation is one of the major reasons
that the S88.01 standard has been so successful. Recommendations for dealing with exception handling
and detailed equipment logic, which are the major portions of a batch control project, is provided.



	Engineer_Manual_Process_Industrial_Instruments_and_Control_Handbook
	localhost
	localhost - /Process-Industrial Instruments and Control Handbook/
	Under Construction
	http://localhost/Process-Industrial%20Instruments%20and%20Control%20Handbook/25821_01.pdf
	Table of Contents
	1. Introductory Review   
	Index

	http://localhost/Process-Industrial%20Instruments%20and%20Control%20Handbook/25821_02.pdf
	Table of Contents
	2. Control System Fundamentals 
	Control Principles 
	Process (LOAD) Characteristics 
	Process Reaction Curve 
	Process Transfer Function 

	Control Modes 
	On-Off Control Action 
	Proportional Control 
	Offset 
	Manual and Automatic Reset 
	Automatic Reset-Proportional Plus Integral Controllers 
	Integral Saturation 
	Derivative Action (Rate Action) 
	Proportional Plus Integral Plus Derivative Controllers 
	Time- and Current-Proportioning Controllers 
	Heat-Cool PID Control 

	Process Control Characteristics and Controller Selection 
	Controller Selection 
	Single-Capacity Processes 
	Multicapacity Processes 

	Reference 

	Techniques for Process Control 
	Digital Control 
	State-Space Representation 
	Transfer-Operator Representation 

	Open-Loop Control 
	Feedback Control 
	Robustness 

	Feedforward Control 
	Multiple-Loop Control 
	Disturbance Representation 
	Pole-Placement Design 
	Linear-Quadratic Design 
	Minimum-Time Switching Control 
	Minimum-Variance Design 
	Model-Feedback Control 
	Algebraic Proportional Plus Integral Plus Derivative Design 
	Antialias Filtering 

	Adaptive Control 
	Pattern Recognition and Expert Systems, Performance-Feedback Adaptor 
	Discrete-Model Identification, Open-Loop Adaptation 
	Continuous-Model Identification, Open-Loop Adaptation 
	Least-Squares Method, Batch Parameter Identification 
	Kalman Filter, Recursive Parameter Identification 
	Projection 
	References 

	Basic Control Algorithms 
	Introduction 
	Structure of Traditional Process Control 
	Number Systems and Basic Arithmetic 
	Fixed-Point Format 
	Fixed-Point Scaling 
	Range and Error in Fixed-Point Arithmetic 
	Fixed-Point Multiplication and Division 
	Digital Integration for Control 
	Floating-Point Format 
	Generalized Multiple-Precision Floating-Point 

	Specification of Fixed-Point Algorithms 
	Operational Issues 
	Output Limiting: External Feedback 
	External Feedback in Nonlinear Compensators 
	Basic Control Algorithms 
	The Lag Calculation 
	Lead/Lag Calculation 
	PID Controller Calculation
	Dead-Time Calculation 
	Quantization and Saturation Effects 

	Identification and Matrix-Oriented Issues 
	Software and Application Issues 
	Summary 
	References 

	Safety in Instrumentation and Control Systems 
	Area and Material Classification 
	North America 
	International Electrotechnical Commission 
	Classifying a Hazardous Location 
	Special Cases of Area Classification 

	Techniques Used to Reduce Explosion Hazards 
	Explosionproof Housings 
	Encapsulation, Sealing, and Immersion 
	Sealing 
	Pressurization Systems 

	Intrinsic Safety 
	Definition 
	Early Developments 
	Design of Intrinsically Safe Systems 

	Basic Techniques Used by Manufacturers 
	Mechanical and Electrical Isolation 
	Current and Voltage Limiting 
	Shunt Elements 
	Analytical Method for Circuit Design 
	Simplifying Assumptions 
	Testing of Special Cases 

	Certification of Intrinsically Safe Apparatus  
	System Design Using Commercially Available Intrinsically Safe and Associated Apparatus
	General Principles 

	Installation of Intrinsically Safe Systems 
	Nonincendive Equipment and Wiring 

	Ignition by Optical Sources 
	Regulations and Standards 

	Acknowledgment 
	Bibliography 


	Index

	http://localhost/Process-Industrial%20Instruments%20and%20Control%20Handbook/25821_03a.pdf
	Table of Contents
	 3. Controllers 
	Distributed Control Systems 
	Introduction 
	Evolution of the Distributed Control System 
	Sampled Data Interval Induced Deadtime 
	Loop Commissioning: Initialization Sequences and Bumpless-Balanceless Transfer 
	Hybrid Designs for Automatic or Manual Backup by Analog Techniques 
	Transition from Automatic Control to Production Management 

	Market Trends 
	Fieldbus and Intelligent Devices 
	Internet Technology 
	Object-Oriented Software Components and Containers 
	Expanded Architecture 

	DCS Selection Criteria 
	Requirements Definition and Economic Benefits Analysis 
	Complete and Detailed Functional Specification and System Requirements Definitions 
	System Evaluation: Budget, Schedule, and Risk Assessment 

	Conclusions 
	Glossary 
	Bibliography 

	Programmable Controllers 
	Programmable Controllers Defined 
	Alternatives to Programmable Controllers 
	PC-Based Control 
	Distributed Control System 
	Relay-Based Control 
	Single-Board Controllers 

	Programmable Controller Functions 
	Networking Choices 
	Information Network Example 
	Control Network Example 
	Device Network Example 
	Serial Connection 

	I/O Choices 
	Chassis-Based vs. Distributed I/O 
	Types of I/O Devices 
	Application-Specific Requirements 

	Software Choices 
	Programming Languages 
	Ladder Diagram 
	Sequential Function Charts (SFCs) 
	Function Block Diagram 
	Structured Text 
	Instruction List 

	Software Standards 
	Soft Control 
	Other Software Packages 
	Controller Selection 
	Openness 
	Speed 
	Reliability/Environmental Operation 
	The Application 
	Installation/Integration 
	Communications Performance 
	Safety/Data Integrity 
	Cost 


	Stand-Alone Controllers 
	Single- and Dual-Loop Controllers 
	Reference 

	Hydraulic Controllers 
	Elements of Hydraulic Controllers 
	Hydraulic Amplifiers 
	Jet Pipe Valve 
	Flapper Valve 
	Spool Valve 
	Two-Stage Valves 
	Electrohydraulic Amplifier 
	Servo Valves 
	Proportional Valves 

	Hydraulic Fluids 
	Fire-Resistant Fluids 

	Power Considerations 
	Conservation 

	Applications 
	Size-Selection Procedures 
	Relative Advantages and Limitations 

	References 

	Batch Process Control 
	Batch Mode 
	Batching Nomenclature 
	Defining and Outlining the Batch Process 
	System Selection Factors 
	References 

	Automatic Blending Systems 
	Batch Versus Continuous Blending 
	Typical Blend Configuration 
	Liquid or Powder Blending 
	Sizing a Blending System 

	Blend Controller 
	Blend Stations 
	Blend Setup 
	Master Blend Control 
	Blend Loop Control 
	Automatic Rate Control 
	Time Control 
	Temperature Compensation 
	Programmable Logic Control 


	Distributed Numerical Control and Networking 
	Direct Numerical Control 
	Distributed Numerical Control 
	Basic DNC Configuration 
	DNC System Components 
	Advantages of Basic DNC System 
	Additional Executable Functions 

	DNC Operating Systems 
	Functionality Blur 
	Personal Computer DNC Systems 
	UNIX-Based Network 
	Novell Network 
	DNC System Trends Controllers 


	Computers and Controls 
	Initial Considerations of Computers in Control Systems 
	Personal Computers Impact Industrial Instrumentation 
	Basic PC 
	Major Components of the PC 
	PC Memory Types 
	PC Speed 
	Data Conversion and Handling 
	Interfacing the PC 
	PC Software 
	Software Control Techniques 
	Progressive Enhancement of the PC 

	Terminology 

	Manufacturing Message Specification 
	Introduction 
	What Is MMS? 
	The History of MMS 
	The MMS Standard 
	Benefits of MMS 
	Justifying MMS 

	The VMD Model 
	Client/Server Relationship 
	Real and Virtual Devices and Objects 
	MMS Device and Object Modeling 
	MMS Objects 
	VMD Object 
	VMD Support Services 

	The VMD Execution Model 
	Domains 
	Program Invocations 
	Batch Controller Example 

	Variable-Access Model 
	Mms Variables 
	Variable-Access Services 
	Variable-Access Features 

	Event Management Model 
	Event Condition Object 
	Event Actions 
	Event Enrollments 

	Semaphore Management Model 
	Token Semaphores 
	Pool Semaphores 
	Semaphore Entry 
	Semaphore Services 

	Other MMS Objects 
	Operator Station Object 
	Journal Objects 
	Files 

	Context Management 
	Associations vs. Connections 
	Context Management Services 

	Summary 

	Field-Based Systems 
	Introduction 
	Hardware 
	Software 
	Characteristics of a Field-Based System 
	Field-Based System Results 
	Conclusions 
	References 


	Index

	http://localhost/Process-Industrial%20Instruments%20and%20Control%20Handbook/25821_03b.pdf
	Table of Contents
	3. Controllers 
	Distributed Control Systems 
	Introduction 
	Evolution of the Distributed Control System 
	Sampled Data Interval Induced Deadtime 
	Loop Commissioning: Initialization Sequences and Bumpless-Balanceless Transfer 
	Hybrid Designs for Automatic or Manual Backup by Analog Techniques 
	Transition from Automatic Control to Production Management 

	Market Trends 
	Fieldbus and Intelligent Devices 
	Internet Technology 
	Object-Oriented Software Components and Containers 
	Expanded Architecture 

	DCS Selection Criteria 
	Requirements Definition and Economic Benefits Analysis 
	Complete and Detailed Functional Specification and System Requirements Definitions 
	System Evaluation: Budget, Schedule, and Risk Assessment 

	Conclusions 
	Glossary 
	Bibliography 

	Programmable Controllers 
	Programmable Controllers Defined 
	Alternatives to Programmable Controllers 
	PC-Based Control 
	Distributed Control System 
	Relay-Based Control 
	Single-Board Controllers 

	Programmable Controller Functions 
	Networking Choices 
	Information Network Example 
	Control Network Example 
	Device Network Example 
	Serial Connection 

	I/O Choices 
	Chassis-Based vs. Distributed I/O 
	Types of I/O Devices 
	Application-Specific Requirements 

	Software Choices 
	Programming Languages 
	Ladder Diagram 
	Sequential Function Charts (SFCs) 
	Function Block Diagram 
	Structured Text 
	Instruction List 

	Software Standards 
	Soft Control 
	Other Software Packages 
	Controller Selection 
	Openness 
	Speed 
	Reliability/Environmental Operation 
	The Application 
	Installation/Integration 
	Communications Performance 
	Safety/Data Integrity 
	Cost 


	Stand-Alone Controllers 
	Single- and Dual-Loop Controllers 
	Reference 

	Hydraulic Controllers 
	Elements of Hydraulic Controllers 
	Hydraulic Amplifiers 
	Jet Pipe Valve 
	Flapper Valve 
	Spool Valve 
	Two-Stage Valves 
	Electrohydraulic Amplifier 
	Servo Valves 
	Proportional Valves 

	Hydraulic Fluids 
	Fire-Resistant Fluids 

	Power Considerations 
	Conservation 

	Applications 
	Size-Selection Procedures 
	Relative Advantages and Limitations 

	References 

	Batch Process Control 
	Batch Mode 
	Batching Nomenclature 
	Defining and Outlining the Batch Process 
	System Selection Factors 
	References 

	Automatic Blending Systems 
	Batch Versus Continuous Blending 
	Typical Blend Configuration 
	Liquid or Powder Blending 
	Sizing a Blending System 

	Blend Controller 
	Blend Stations 
	Blend Setup 
	Master Blend Control 
	Blend Loop Control 
	Automatic Rate Control 
	Time Control 
	Temperature Compensation 
	Programmable Logic Control 


	Distributed Numerical Control and Networking 
	Direct Numerical Control 
	Distributed Numerical Control 
	Basic DNC Configuration 
	DNC System Components 
	Advantages of Basic DNC System 
	Additional Executable Functions 

	DNC Operating Systems 
	Functionality Blur 
	Personal Computer DNC Systems 
	UNIX-Based Network 
	Novell Network 
	DNC System Trends Controllers 


	Computers and Controls 
	Initial Considerations of Computers in Control Systems 
	Personal Computers Impact Industrial Instrumentation 
	Basic PC 
	Major Components of the PC 
	PC Memory Types 
	PC Speed 
	Data Conversion and Handling 
	Interfacing the PC 
	PC Software 
	Software Control Techniques 
	Progressive Enhancement of the PC 

	Terminology 

	Manufacturing Message Specification 
	Introduction 
	What Is MMS? 
	The History of MMS 
	The MMS Standard 
	Benefits of MMS 
	Justifying MMS 

	The VMD Model 
	Client/Server Relationship 
	Real and Virtual Devices and Objects 
	MMS Device and Object Modeling 
	MMS Objects 
	VMD Object 
	VMD Support Services 

	The VMD Execution Model 
	Domains 
	Program Invocations 
	Batch Controller Example 

	Variable-Access Model 
	MMS Variables 
	Variable-Access Services 
	Variable-Access Features 

	Event Management Model 
	Event Condition Object 
	Event Actions 
	Event Enrollments 

	Semaphore Management Model 
	Token Semaphores 
	Pool Semaphores 
	Semaphore Entry 
	Semaphore Services 

	Other MMS Objects 
	Operator Station Object 
	Journal Objects 
	Files 

	Context Management 
	Associations vs. Connections 
	Context Management Services 

	Summary 

	Field-Based Systems 
	Introduction 
	Hardware 
	Software 
	Characteristics of a Field-Based System 
	Field-Based System Results 
	Conclusions 
	References 


	Index

	http://localhost/Process-Industrial%20Instruments%20and%20Control%20Handbook/25821_04a.pdf
	Table of Contents
	4. Process Variables-Field Instrumentation 
	Temperature Systems 
	Temperature Defined 
	Temperature Scales 
	Temperature Scale Conversion 

	Temperature Sensors 
	Thermocouples 
	Thermocouple Principles 
	Thermocouple Signal Conditioning 
	Types of Thermocouples 
	Thermocouple Fabrication and Protection
	Thermocouple Installation 
	Thermocouple Wire Insulators 
	Special Thermocouples 
	Thermocouple Circuit Flexibility 
	Checking Thermocouples 

	Resistance-Temperature Detectors 
	Principles of Resistance Thermometry 
	Platinum RTDs 
	Ranges and Performance Characteristics of RTDs 
	RTD Circuitry 

	Comparison of Thermocouple and RTD Selection 
	Thermocouple and RTD Transmitters 
	Evolution of Temperature Transmitters 
	Microprocessor-Based Transmitters 

	Thermistors 
	Thermistor Performance 
	Thermistor Applications 

	Solid-State Temperature Sensors 
	Radiation Thermometers 
	IR Thermometry Principles 
	Measuring Temperatures of Nonblackbodies 
	IR Detectors 
	Classes of IR Thermometers 

	Filled-System Thermometers 
	Fiber-Optic Temperature Sensor 
	Acoustic Pyrometer 
	Reference 

	Fluid Pressure Systems 
	Manometers 
	Elastic-Element Mechanical Pressure Gages 
	Range of Measurement 

	Force or Pressure Sensors, Transducers and Transmitters 
	Strain-Gage Transducers 
	Capacitive Pressure Transducers 
	Piezoresistive Pressure Transducers 
	Piezoelectric Pressure Transducers 
	Resonant-Wire Pressure Transducers 
	LVDT Pressure Transducers 
	Carbon-Resistive Elements 
	Inductive Elements 
	Reluctive Elements 
	Optical Pressure Transducers

	Vacuum Measurement 
	Types of Vacuum Gages 
	Pirani or Thermocouple Vacuum Gage 
	Hot-Filament Ionization Vacuum Gage 
	Cold-Cathode Ionization Vacuum Gage 
	Spinning-Rotor Friction Vacuum Gage 
	Partial-Pressure Analyzers (Vacuum) 

	Capacitive Ceramic (AI2O3) Pressure Sensors 
	Smart Pressure Transmitters 
	Application of Chemical Seals 
	Materials of Compatibility 
	Chemical Seal Hardware 
	Fill Fluid 
	Temperature Effects 
	Response Time 
	Application Guidelines 
	Restriction Flow Measurement with Primary Devices and Differential Pressure Transmitters 
	Errors in Orifice Plate System 
	Advantages 
	Disadvantages 
	Orifice Application, Device Selection 
	Pitot Tube Application 
	Steam and Gas-Flow Computer Applications 

	Basic Flow Metering Considerations 
	Differential-Pressure Flowmeters 
	Differential Producers 

	Variable-Area Flowmeters 
	Magnetic Flow Measurement 
	General 
	Measuring Principle 
	Sensor 
	Construction 
	Application Areas 
	Magmeter Installation Tips and Suggestions 

	Selection Criteria: Which System for which Application? 
	Alternating (ac) Field System 
	Pulsed Direct (dc) Field Systems 
	The Inductive Flowmeter for Special Measurement Problems 

	Turbine Flowmeters 
	k Factor 
	Reynolds Numbers 
	Turbine Flowmeter Construction 
	Turbine Flowmeter Applications 
	Paddle-Wheel Flowmeters 

	Oscillatory Flowmeters 
	Vortex Shedding Flowmeters 
	Application Guidelines 
	Vortex Meter Advantages 
	Combating Potential Vortex Meter Problems 

	Fluidic Flowmeters 
	Process Variables-Field Instrumentation 
	Fluidic Operating Principle 

	Mass Flow Measurement 
	Introduction
	Inferential Mass Flow Measurement (Microprocessor-Based Volumetric Flowmeters) 
	Examples of Mass Flow Measurement with Fluids of Known Properties 
	Vortex Flowmeter Liquid Mass 
	Vortex Flowmeter Gas Mass 
	Differential Pressure Meter Gas Mass 
	Vortex Flowmeter Steam Mass 
	Glossary 
	Coriolis Flowmeter 

	Coriolis Flowmeter 
	Principle of Operation 
	Density Measurement 
	Temperature Measurement 

	Bibliography 
	Thermal Mass Flowmeters 
	Flow Application Matrix 
	Ultrasonic Flowmeters 
	Doppler-Effect (Frequency-Shift) Flowmeters 
	Transit-Time Ultrasonic Flowmeters 

	Positive-Displacement Flowmeters 
	Nutating-Disk Meter 
	Oscillating-Piston Meter 
	Fluted Rotor Meter 
	Oval-Shaped Gear Flowmeters 
	Other Positive-Displacement Meters 

	Open-Channel Flow Measurements 
	Weirs 
	Parshall Flumes 
	Open-Flow Nozzle (Kennison) 

	Bulk-Solids Flow Measurement 
	Belt-Conveyor Weighers 

	Types of Level Measurement Systems 
	General Considerations in Level Measurement Technology Selection 
	Density and Viscosity 
	Chemical Composition 
	Ambient Temperature 
	Process Temperature 
	Process Pressure 
	Regulated Environments 
	Process Agitation 
	Vapor, Mist and Dust 
	Interfaces or Gradients 
	Process Conductivity and Dielectric Constants 
	Vibration 
	Material Buildup or Stickiness 
	Static Charge 
	Humidity/Moisture 
	Repeatability, Stability, and Accuracy Requirements 

	Electromechanical Level Measurement and Detection Systems 
	Level Detection and Measurement of Liquids by Use of Floats 
	Level Detection and Measurement of Liquids by Use of Displacers 
	Level Detection of Solids by Use of Rotating Paddles  
	Level Measurement of Liquids and Solids by Use of a Plumb Bob 

	Electronic/Electromagnetic Level Detection and Measurement Systems 
	Level Detection of Liquids by Use of Conductivity 
	Level Detection of Liquids by Use of Vibrating Forks Resonance or Rod Attenuation
	Level Detection of Solids by Use of  Vibrating Fork or Rod Attenuation  
	Level Detection of Liquids by Use of Ultrasonic Gap 
	Level Detection of Liquids by Use of Thermodispersion 
	Level Measurement of Liquids by Use of Bubblers 
	Level Measurement by Use of Pressure Transmitters 
	Electronic DP Measurement 
	Calibration 
	Level Detection and Measurement of Liquids and Solids by Use of Ultrasonic 
	Level Detection and Measurement of Liquids and Solids by Use of Capacitance 
	Fully and Partially Insulated Probes 
	Capacitance Probes and Ground References 
	Capacitance Probes and Buildup 
	Installation and Application Considerations 
	Advantages/Disadvantages 
	Level Detection and Measurement of Liquids and Solids by Use of Radar 
	Point Level Measurement 
	Continuous Level Measurement 
	Selection Criteria 
	Installation Guidelines 
	Level Detection and Measurement of Liquids and Solids by Use of Time-Domain Reflectometry 
	Level Measurement of Liquids by Use of Magnetostrictive 
	Level Measurement of Liquids by Use of Laser 
	Level Detection and Measurement of Liquids and Solids by Use of Radiometric 
	Level Measurement of Liquids and Solids by Use of Weighing 
	Level Measurement of Liquids by Use of Optics 
	Level Detection of Liquids by Use of Ultrasonic Tank Resonance 


	Industrial Weighing and Density Systems 
	Industrial Scales 
	Fluid Density 

	Humidity and Moisture Systems 
	Introduction 
	Humidity Fundamentals 
	Common Humidity Parameters 
	Other Important Terminology 
	Psychrometric Charts 
	Computer Programs 
	Percent Relative Humidity 
	Dew Point Hygrometry 
	Concentration Instruments 
	Direct Measurements Versus Sample Systems 

	Methods of Measurement in Gases 
	Thermometry Based 
	Electrical Property Based 
	Capacitance 
	Resistance 
	Optical Property Based 
	Mechanical Effect Based 
	Chemical Reaction Based 
	Oxygen Displacement 
	Sonic 

	Application Guide for Gases 
	Methods of Measurement in Liquids 
	Infrared Adsorption 
	Capacitance 
	Aluminum Oxide 
	Titration 
	Conductivity 
	Centrifugal 
	Distillation 

	Application Guide for Liquids 
	General Observations 
	Calibration 
	Applications 

	Reference 


	Index

	http://localhost/Process-Industrial%20Instruments%20and%20Control%20Handbook/25821_04b.pdf
	Table of Contents
	4. Process Variables-Field Instrumentation 
	Temperature Systems 
	Temperature Defined 
	Temperature Scales 
	Temperature Scale Conversion 

	Temperature Sensors 
	Thermocouples 
	Thermocouple Principles 
	Thermocouple Signal Conditioning 
	Types of Thermocouples 
	Thermocouple Fabrication and Protection
	Thermocouple Installation 
	Thermocouple Wire Insulators 
	Special Thermocouples 
	Thermocouple Circuit Flexibility 
	Checking Thermocouples 

	Resistance-Temperature Detectors 
	Principles of Resistance Thermometry 
	Platinum RTDs 
	Ranges and Performance Characteristics of RTDs 
	RTD Circuitry 

	Comparison of Thermocouple and RTD Selection 
	Thermocouple and RTD Transmitters 
	Evolution of Temperature Transmitters 
	Microprocessor-Based Transmitters 

	Thermistors 
	Thermistor Performance 
	Thermistor Applications 

	Solid-State Temperature Sensors 
	Radiation Thermometers 
	IR Thermometry Principles 
	Measuring Temperatures of Nonblackbodies 
	IR Detectors 
	Classes of IR Thermometers 

	Filled-System Thermometers 
	Fiber-Optic Temperature Sensor 
	Acoustic Pyrometer 
	Reference 

	Fluid Pressure Systems 
	Manometers 
	Elastic-Element Mechanical Pressure Gages 
	Range of Measurement 

	Force or Pressure Sensors, Transducers and Transmitters 
	Strain-Gage Transducers 
	Capacitive Pressure Transducers 
	Piezoresistive Pressure Transducers 
	Piezoelectric Pressure Transducers 
	Resonant-Wire Pressure Transducers 
	LVDT Pressure Transducers 
	Carbon-Resistive Elements 
	Inductive Elements 
	Reluctive Elements 
	Optical Pressure Transducers

	Vacuum Measurement 
	Types of Vacuum Gages 
	Pirani or Thermocouple Vacuum Gage 
	Hot-Filament Ionization Vacuum Gage 
	Cold-Cathode Ionization Vacuum Gage 
	Spinning-Rotor Friction Vacuum Gage 
	Partial-Pressure Analyzers (Vacuum) 

	Capacitive Ceramic (AI2O3) Pressure Sensors 
	Smart Pressure Transmitters 
	Application of Chemical Seals 
	Materials of Compatibility 
	Chemical Seal Hardware 
	Fill Fluid 
	Temperature Effects 
	Response Time 
	Application Guidelines 
	Restriction Flow Measurement with Primary Devices and Differential Pressure Transmitters 
	Errors in Orifice Plate System 
	Advantages 
	Disadvantages 
	Orifice Application, Device Selection 
	Pitot Tube Application 
	Steam and Gas-Flow Computer Applications 

	Basic Flow Metering Considerations 
	Differential-Pressure Flowmeters 
	Differential Producers 

	Variable-Area Flowmeters 
	Magnetic Flow Measurement 
	General 
	Measuring Principle 
	Sensor 
	Construction 
	Application Areas 
	Magmeter Installation Tips and Suggestions 

	Selection Criteria: Which System for which Application? 
	Alternating (ac) Field System 
	Pulsed Direct (dc) Field Systems 
	The Inductive Flowmeter for Special Measurement Problems 

	Turbine Flowmeters 
	k Factor 
	Reynolds Numbers 
	Turbine Flowmeter Construction 
	Turbine Flowmeter Applications 
	Paddle-Wheel Flowmeters 

	Oscillatory Flowmeters 
	Vortex Shedding Flowmeters 
	Application Guidelines 
	Vortex Meter Advantages 
	Combating Potential Vortex Meter Problems 

	Fluidic Flowmeters 
	Process Variables-Field Instrumentation 
	Fluidic Operating Principle 

	Mass Flow Measurement 
	Introduction
	Inferential Mass Flow Measurement (Microprocessor-Based Volumetric Flowmeters) 
	Examples of Mass Flow Measurement with Fluids of Known Properties 
	Vortex Flowmeter Liquid Mass 
	Vortex Flowmeter Gas Mass 
	Differential Pressure Meter Gas Mass 
	Vortex Flowmeter Steam Mass 
	Glossary 
	Coriolis Flowmeter 

	Coriolis Flowmeter 
	Principle of Operation 
	Density Measurement 
	Temperature Measurement 

	Bibliography 
	Thermal Mass Flowmeters 
	Flow Application Matrix 
	Ultrasonic Flowmeters 
	Doppler-Effect (Frequency-Shift) Flowmeters 
	Transit-Time Ultrasonic Flowmeters 

	Positive-Displacement Flowmeters 
	Nutating-Disk Meter 
	Oscillating-Piston Meter 
	Fluted Rotor Meter 
	Oval-Shaped Gear Flowmeters 
	Other Positive-Displacement Meters 

	Open-Channel Flow Measurements 
	Weirs 
	Parshall Flumes 
	Open-Flow Nozzle (Kennison) 

	Bulk-Solids Flow Measurement 
	Belt-Conveyor Weighers 

	Types of Level Measurement Systems 
	General Considerations in Level Measurement Technology Selection 
	Density and Viscosity 
	Chemical Composition 
	Ambient Temperature 
	Process Temperature 
	Process Pressure 
	Regulated Environments 
	Process Agitation 
	Vapor, Mist and Dust 
	Interfaces or Gradients 
	Process Conductivity and Dielectric Constants 
	Vibration 
	Material Buildup or Stickiness 
	Static Charge 
	Humidity/Moisture 
	Repeatability, Stability, and Accuracy Requirements 

	Electromechanical Level Measurement and Detection Systems 
	Level Detection and Measurement of Liquids by Use of Floats 
	Level Detection and Measurement of Liquids by Use of Displacers 
	Level Detection of Solids by Use of Rotating Paddles  
	Level Measurement of Liquids and Solids by Use of a Plumb Bob 

	Electronic/Electromagnetic Level Detection and Measurement Systems 
	Level Detection of Liquids by Use of Conductivity 
	Level Detection of Liquids by Use of Vibrating Forks Resonance or Rod Attenuation
	Level Detection of Solids by Use of  Vibrating Fork or Rod Attenuation  
	Level Detection of Liquids by Use of Ultrasonic Gap 
	Level Detection of Liquids by Use of Thermodispersion 
	Level Measurement of Liquids by Use of Bubblers 
	Level Measurement by Use of Pressure Transmitters 
	Electronic DP Measurement 
	Calibration 
	Level Detection and Measurement of Liquids and Solids by Use of Ultrasonic 
	Level Detection and Measurement of Liquids and Solids by Use of Capacitance 
	Fully and Partially Insulated Probes 
	Capacitance Probes and Ground References 
	Capacitance Probes and Buildup 
	Installation and Application Considerations 
	Advantages/Disadvantages 
	Level Detection and Measurement of Liquids and Solids by Use of Radar 
	Point Level Measurement 
	Continuous Level Measurement 
	Selection Criteria 
	Installation Guidelines 
	Level Detection and Measurement of Liquids and Solids by Use of Time-Domain Reflectometry 
	Level Measurement of Liquids by Use of Magnetostrictive 
	Level Measurement of Liquids by Use of Laser 
	Level Detection and Measurement of Liquids and Solids by Use of Radiometric 
	Level Measurement of Liquids and Solids by Use of Weighing 
	Level Measurement of Liquids by Use of Optics 
	Level Detection of Liquids by Use of Ultrasonic Tank Resonance 


	Industrial Weighing and Density Systems 
	Industrial Scales 
	Fluid Density 

	Humidity and Moisture Systems 
	Introduction 
	Humidity Fundamentals 
	Common Humidity Parameters 
	Other Important Terminology 
	Psychrometric Charts 
	Computer Programs 
	Percent Relative Humidity 
	Dew Point Hygrometry 
	Concentration Instruments 
	Direct Measurements Versus Sample Systems 

	Methods of Measurement in Gases 
	Thermometry Based 
	Electrical Property Based 
	Capacitance 
	Resistance 
	Optical Property Based 
	Mechanical Effect Based 
	Chemical Reaction Based 
	Oxygen Displacement 
	Sonic 

	Application Guide for Gases 
	Methods of Measurement in Liquids 
	Infrared Adsorption 
	Capacitance 
	Aluminum Oxide 
	Titration 
	Conductivity 
	Centrifugal 
	Distillation 

	Application Guide for Liquids 
	General Observations 
	Calibration 
	Applications 

	Reference 


	Index

	http://localhost/Process-Industrial%20Instruments%20and%20Control%20Handbook/25821_04c.pdf
	Table of Contents
	4. Process Variables-Field Instrumentation 
	Temperature Systems 
	Temperature Defined 
	Temperature Scales 
	Temperature Scale Conversion 

	Temperature Sensors 
	Thermocouples 
	Thermocouple Principles 
	Thermocouple Signal Conditioning 
	Types of Thermocouples 
	Thermocouple Fabrication and Protection
	Thermocouple Installation 
	Thermocouple Wire Insulators 
	Special Thermocouples 
	Thermocouple Circuit Flexibility 
	Checking Thermocouples 

	Resistance-Temperature Detectors 
	Principles of Resistance Thermometry 
	Platinum RTDs 
	Ranges and Performance Characteristics of RTDs 
	RTD Circuitry 

	Comparison of Thermocouple and RTD Selection 
	Thermocouple and RTD Transmitters 
	Evolution of Temperature Transmitters 
	Microprocessor-Based Transmitters 

	Thermistors 
	Thermistor Performance 
	Thermistor Applications 

	Solid-State Temperature Sensors 
	Radiation Thermometers 
	IR Thermometry Principles 
	Measuring Temperatures of Nonblackbodies 
	IR Detectors 
	Classes of IR Thermometers 

	Filled-System Thermometers 
	Fiber-Optic Temperature Sensor 
	Acoustic Pyrometer 
	Reference 

	Fluid Pressure Systems 
	Manometers 
	Elastic-Element Mechanical Pressure Gages 
	Range of Measurement 

	Force or Pressure Sensors, Transducers and Transmitters 
	Strain-Gage Transducers 
	Capacitive Pressure Transducers 
	Piezoresistive Pressure Transducers 
	Piezoelectric Pressure Transducers 
	Resonant-Wire Pressure Transducers 
	LVDT Pressure Transducers 
	Carbon-Resistive Elements 
	Inductive Elements 
	Reluctive Elements 
	Optical Pressure Transducers

	Vacuum Measurement 
	Types of Vacuum Gages 
	Pirani or Thermocouple Vacuum Gage 
	Hot-Filament Ionization Vacuum Gage 
	Cold-Cathode Ionization Vacuum Gage 
	Spinning-Rotor Friction Vacuum Gage 
	Partial-Pressure Analyzers (Vacuum) 

	Capacitive Ceramic (AI2O3) Pressure Sensors 
	Smart Pressure Transmitters 
	Application of Chemical Seals 
	Materials of Compatibility 
	Chemical Seal Hardware 
	Fill Fluid 
	Temperature Effects 
	Response Time 
	Application Guidelines 
	Restriction Flow Measurement with Primary Devices and Differential Pressure Transmitters 
	Errors in Orifice Plate System 
	Advantages 
	Disadvantages 
	Orifice Application, Device Selection 
	Pitot Tube Application 
	Steam and Gas-Flow Computer Applications 

	Basic Flow Metering Considerations 
	Differential-Pressure Flowmeters 
	Differential Producers 

	Variable-Area Flowmeters 
	Magnetic Flow Measurement 
	General 
	Measuring Principle 
	Sensor 
	Construction 
	Application Areas 
	Magmeter Installation Tips and Suggestions 

	Selection Criteria: Which System for which Application? 
	Alternating (ac) Field System 
	Pulsed Direct (dc) Field Systems 
	The Inductive Flowmeter for Special Measurement Problems 

	Turbine Flowmeters 
	k Factor 
	Reynolds Numbers 
	Turbine Flowmeter Construction 
	Turbine Flowmeter Applications 
	Paddle-Wheel Flowmeters 

	Oscillatory Flowmeters 
	Vortex Shedding Flowmeters 
	Application Guidelines 
	Vortex Meter Advantages 
	Combating Potential Vortex Meter Problems 

	Fluidic Flowmeters 
	Process Variables-Field Instrumentation 
	Fluidic Operating Principle 

	Mass Flow Measurement 
	Introduction
	Inferential Mass Flow Measurement (Microprocessor-Based Volumetric Flowmeters) 
	Examples of Mass Flow Measurement with Fluids of Known Properties 
	Vortex Flowmeter Liquid Mass 
	Vortex Flowmeter Gas Mass 
	Differential Pressure Meter Gas Mass 
	Vortex Flowmeter Steam Mass 
	Glossary 
	Coriolis Flowmeter 

	Coriolis Flowmeter 
	Principle of Operation 
	Density Measurement 
	Temperature Measurement 

	Bibliography 
	Thermal Mass Flowmeters 
	Flow Application Matrix 
	Ultrasonic Flowmeters 
	Doppler-Effect (Frequency-Shift) Flowmeters 
	Transit-Time Ultrasonic Flowmeters 

	Positive-Displacement Flowmeters 
	Nutating-Disk Meter 
	Oscillating-Piston Meter 
	Fluted Rotor Meter 
	Oval-Shaped Gear Flowmeters 
	Other Positive-Displacement Meters 

	Open-Channel Flow Measurements 
	Weirs 
	Parshall Flumes 
	Open-Flow Nozzle (Kennison) 

	Bulk-Solids Flow Measurement 
	Belt-Conveyor Weighers 

	Types of Level Measurement Systems 
	General Considerations in Level Measurement Technology Selection 
	Density and Viscosity 
	Chemical Composition 
	Ambient Temperature 
	Process Temperature 
	Process Pressure 
	Regulated Environments 
	Process Agitation 
	Vapor, Mist and Dust 
	Interfaces or Gradients 
	Process Conductivity and Dielectric Constants 
	Vibration 
	Material Buildup or Stickiness 
	Static Charge 
	Humidity/Moisture 
	Repeatability, Stability, and Accuracy Requirements 

	Electromechanical Level Measurement and Detection Systems 
	Level Detection and Measurement of Liquids by Use of Floats 
	Level Detection and Measurement of Liquids by Use of Displacers 
	Level Detection of Solids by Use of Rotating Paddles  
	Level Measurement of Liquids and Solids by Use of a Plumb Bob 

	Electronic/Electromagnetic Level Detection and Measurement Systems 
	Level Detection of Liquids by Use of Conductivity 
	Level Detection of Liquids by Use of Vibrating Forks Resonance or Rod Attenuation
	Level Detection of Solids by Use of  Vibrating Fork or Rod Attenuation  
	Level Detection of Liquids by Use of Ultrasonic Gap 
	Level Detection of Liquids by Use of Thermodispersion 
	Level Measurement of Liquids by Use of Bubblers 
	Level Measurement by Use of Pressure Transmitters 
	Electronic DP Measurement 
	Calibration 
	Level Detection and Measurement of Liquids and Solids by Use of Ultrasonic 
	Level Detection and Measurement of Liquids and Solids by Use of Capacitance 
	Fully and Partially Insulated Probes 
	Capacitance Probes and Ground References 
	Capacitance Probes and Buildup 
	Installation and Application Considerations 
	Advantages/Disadvantages 
	Level Detection and Measurement of Liquids and Solids by Use of Radar 
	Point Level Measurement 
	Continuous Level Measurement 
	Selection Criteria 
	Installation Guidelines 
	Level Detection and Measurement of Liquids and Solids by Use of Time-Domain Reflectometry 
	Level Measurement of Liquids by Use of Magnetostrictive 
	Level Measurement of Liquids by Use of Laser 
	Level Detection and Measurement of Liquids and Solids by Use of Radiometric 
	Level Measurement of Liquids and Solids by Use of Weighing 
	Level Measurement of Liquids by Use of Optics 
	Level Detection of Liquids by Use of Ultrasonic Tank Resonance 


	Industrial Weighing and Density Systems 
	Industrial Scales 
	Fluid Density 

	Humidity and Moisture Systems 
	Introduction 
	Humidity Fundamentals 
	Common Humidity Parameters 
	Other Important Terminology 
	Psychrometric Charts 
	Computer Programs 
	Percent Relative Humidity 
	Dew Point Hygrometry 
	Concentration Instruments 
	Direct Measurements Versus Sample Systems 

	Methods of Measurement in Gases 
	Thermometry Based 
	Electrical Property Based 
	Capacitance 
	Resistance 
	Optical Property Based 
	Mechanical Effect Based 
	Chemical Reaction Based 
	Oxygen Displacement 
	Sonic 

	Application Guide for Gases 
	Methods of Measurement in Liquids 
	Infrared Adsorption 
	Capacitance 
	Aluminum Oxide 
	Titration 
	Conductivity 
	Centrifugal 
	Distillation 

	Application Guide for Liquids 
	General Observations 
	Calibration 
	Applications 

	Reference 


	Index

	http://localhost/Process-Industrial%20Instruments%20and%20Control%20Handbook/25821_05.pdf
	Table of Contents
	5. Geometric and Motion Sensors 
	Metrology, Position, Displacement, Thickness and Surface Texture Measurement 
	Basic Metrology 
	Dimensional Standards 
	Interferometer 
	Optical Gratings 
	Gage Blocks 
	Autocollimator 
	Goniometer 
	Clinometer 
	Theodolite 
	Protractor 
	Optical Flats 
	Spherometer 
	Sine Bar 
	Ellipsometer 
	Optical Comparator 
	Optical Bench 
	Measuring Machine 
	Miniature Positioning Tables (Stages) 
	Positioning Table Geometry 
	Machine Conditions and Requirements 

	Rotary Motion 
	Rotary Encoders 
	Rotary Incremental Optical Encoders 
	Noise of Rotary Incremental Encoder 
	Accuracy of Rotary Incremental Encoder 
	Rotary Absolute Optical Encoders 
	Multiturn Absolute Rotary Encoders 
	Advantages of Absolute Encoders 
	Encoders for Stepping and dc Servomotors 
	Resolvers 
	Pancake Resolvers and Synchros 

	Linear Motion 
	Linear Encoders 
	Other Linear Position Transducers 

	Displacement Transducers 
	Linear Variable Differential Transformers 
	Linear Potentiometers 
	Linear Transformers


	Magnetostrictive Linear Position Sensors 
	Sidebar 
	Magnetic Properties Glossary 
	References 
	Bibliography 
	Thickness Transducers 
	Noncontacting Thickness Gages 
	Nuclear Radiation Thickness Gages 
	X-Ray Thickness Gages 
	Ultrasonic Thickness Gages 

	Surface Texture Measurement 
	Quality Control and Production Gaging 
	Statistical Quality Control 
	Basic Assumptions of SQC 
	SQC Glossary of Terms 
	System Approach to SQC 
	SQC in the Process Industries 

	Production Gaging Systems 

	Object Detectors and Machine Vision 
	Electromechanical Limit Switches 
	Proximity Sensors 
	Inductive Proximity Sensors 
	Hall-Effect Proximity Sensors 
	Wiegand-Effect Switches 
	Magnetically Actuated Dry-Reed Switches 

	Capacitive Proximity Sensors 
	Ultrasonic Proximity Sensors 
	Photoelectric Proximity Sensors 
	Machine Vision 
	Artificial Visual Perception 
	Elements of Pattern Recognition 
	Information Content of an Image 
	Extracting Information from Images 
	MV Sensors 
	MV Image Processing 
	The Recognition Process 
	MV Applications 

	Discrete-Piece Identification-Bar Coding 

	Flat Web (Sheet) Measurement and Control 
	Flat Web (Sheet) Measurement and Control Benefits 
	Flat Web (Sheet) Measurements 
	Flat Web (Sheet) Control 
	References 

	Speed, Velocity and Acceleration Instrumentation 
	Definition of Terms 
	Tachometers 
	DC Tachometers 
	AC Tachometers 
	Bearingless Tachometer Generators 
	Magnetic Speed Sensors 
	Impulse Tachometers 
	Optical Encoders 
	Stroboscopic Tachometers 
	Variable-Reluctance Tachometers 
	Photoelectric Tachometers 
	Eddy-Current Tachometers 
	Velocity Head or Hydraulic Tachometers 

	Tachometerless Regulation of Servo Speed 
	Governors 

	Air and Gas Velocity Measurement 
	Pitot Tube Air-Speed Indicators 
	Venturi Air-Speed Indicators 
	Revolving-Vane Anemometers 
	Propeller-Type Electric Anemometers 
	Revolving-Cup Electric Anemometers 
	Constant-Temperature Thermal Anemometers 


	Vibration Measurement 
	Vibration Measurements 
	Inertial Motion Sensing 
	Design Considerations 

	Accelerometers 
	Piezoelectric Accelerometers 
	Piezoresistive Accelerometers 
	Variable Capacitive 
	Servo Accelerometers 

	Signal Conditioning 
	Conditioning Piezoelectric Accelerometers 
	Conditioning Piezoelectric Accelerometers with Internal Electronics 
	Conditioning Piezoresistive Transducers 
	Environmental Effects 

	Velocity Transducers 
	Noncontact (Relative-Motion) Sensors 
	Eddy-Current Probe 
	Optical Vibrometers 



	Index 

	http://localhost/Process-Industrial%20Instruments%20and%20Control%20Handbook/25821_06.pdf
	Table of Contents
	6. Real-Time Analytical Composition Measurements for Input to Process Control 
	Introduction 
	Changing Times and Technology 
	Separating Sample Preparation from Concentration Measurement 
	What the Analyzer Customer Should Demand from the Contracting Engineer 
	Avoid Common Mistakes 

	Practical Considerations 
	Trends in Analytical Instrumentation 
	Opposing Approaches to a Similar Problem 
	Approaches to Procuring Analytical Services 

	Concentration Measurement Technology and Devices 
	Mechanical Concentration Transducers 
	Thermal Concentration Transducers 
	Thermal Conductivity (and Gas Density) 
	Heat Flux (BTU) 
	Catalytic Beads 

	Electrical Conductivity 
	Electrical Conductivity Measurement 
	Sensors, Cells, and Probes 
	Temperature Compensation 
	Calibration Standards 
	Sensor Selection and Installation 

	Electrical Resistance 
	Complex Impedance (H2O) 
	Piezoelectric Crystal (H2O) 


	pH Measurement: Theory and Reality 
	Reference Electrode 
	Cleaning Methods 
	Problems and Causes 
	Sources of pH Measurement Errors and Failures 

	Selection 
	Best Practices for pH Measurement Selection 

	Installation 
	Best Practices for pH Measurement Installation 

	Maintenance 
	Best Practices for pH Maintenance 
	Key Points 
	Rules of Thumb 

	References 

	Optical Concentration Transducers 
	Turbidity 
	Light Scattering 
	Refractive Index 
	Size/Shape 
	Color 
	Concentration 
	Color 
	Refractive Index 
	Optical Path Length 

	Methods of Measurement 
	90 Degree Scatter 
	Forward Scatter 
	Backscatter 
	Surface Scatter 

	Units of Measure 
	Applications 
	Specification 
	Design 
	Calibration and Maintenance 
	Calibration 
	Maintenance 

	Refractive Index 
	Critical Angle Measurement 
	Specification 
	Applications 
	Installation Guidelines 
	Calibration and Maintenance 
	References 

	Ultraviolet/Visible Absorption Analysis 
	Introduction 
	UV/Visible Absorption Spectrum 
	Beer's Law-Concentration Versus Absorption 
	UV/VIS Process Analyzers 
	Sampling System Considerations for UV/VIS Analyzers 
	Infrared Absorption Analysis 
	Pulsed Flame Photometric Detector 
	X-RAY Fluorescence and Absorption 
	Neutron Activation Emission 
	Nuclear Magnetic Resonance Absorption 
	Chemilluminescence 
	Radiation Stimulated Fluorescence and Phosphorescence 
	Ultrasonic 
	Ionization Concentration Transducers 
	Flame 
	Photo 
	Thermionic 
	Electron Capture 


	Sample Extraction, Conditioning and Preparation for On-Line Analysis (Continuous Sample Flow Versus Discrete Sampling) 
	Continuous Process Sampling 
	Definition of a Process Analyzer Sampling System 
	Sampling System Functions 
	Importance of Good Sampling System Design 
	Principles of Sample Handling 
	Techniques of Sample Transfer 
	Basic Elements of Sample Conditioning 
	Vaporization 
	Fundamentals of Sample Preparation 

	Discrete Sampling 
	Advantages of Discrete Sampling 
	Remote Discrete Sampling/Flow Injection/Multidimensional Sample Preparation 
	Fundamentals of Chronography 
	Fast GC 
	Sample Injection Techniques 
	Multidimensional Sample Manipulation Techniques 

	References 
	Conclusions 
	Appendix A: Linear Column Component Separation Parameters 
	Note 

	System Control and Managing Data 
	Sample System and Analyzer Control 
	Examples 

	Signal Manipulation and Processing 
	Digital Versus Analog Sensors 
	DSP Provides Detectors with Greater Precision at High Sensitivity 
	DSP: A Refresher Course in the Technology 
	Analog vs. Digital Signals 
	The Many Advantages of DSP 

	Information Display, Storage and Communication 
	Example of Current System 
	Enclosing the Hardware 
	Housings and Ovens 


	Calibration and Validation 
	Standards Procurement 
	Permeation Devices 

	Methods for Calibration 
	External Standards 
	Internal Standards 
	Control Samples 
	Secondary Standard 
	Auto Calibration 

	Decisions to Change Analyzer Calibration Based on Statistical Quality-Control Charts 
	Statistical Quality Control 
	Finding Probable Cause and Taking Action 
	Statistical Process Control Utilizing Control Charts 

	Oxygen Analyzer on a Furnace Stack Gas 
	Propionic Acid in Acetic Acid 
	Acrolein in Acrylonitrile 
	References 
	Internal Reference Introduction for Performance Verification and Diagnostics 

	Conclusions 
	References 
	Techniques for Validation 
	Internal Injection 

	Conclusions 
	References 

	Application Examples 
	Water (H2O) 
	Nitrogen Oxides 
	Ultraviolet Absorption Spectroscopic Method for Nitric Oxide Vapor in Industrial Process Vent Gases 
	Applicability and Principle 
	Apparatus 
	Reagents 
	Procedures 
	Calibration 
	Calculations 

	References 
	Stack Continuus Emission Monitoring Systems (CEMS) 
	Operating Procedure 
	Conclusion 
	Appendix I 
	Appendix II 
	Air Oxidation of Hydrocarbons 
	Air/Ammoxidation of Hydrocarbons 
	Wide Boiling Range Liquid-Olefins and Alcohols 
	Waste-Water Monitoring 
	Lethal Service on Hydrogen Cyanide 
	Safety (Oxygen Monitor) 
	Refinery NMR 
	Sulfuric Acid Alkylation Process Control 
	Waste-Gas Analysis/Hydrgen Generation Control 
	Gasoline Blending 



	Index

	http://localhost/Process-Industrial%20Instruments%20and%20Control%20Handbook/25821_07.pdf
	Table of Contents
	7. Control Communications 
	Data Signal Handling in Computerized Systems 
	Signal Types 
	Termination Panels 
	Field Signals and Transducers 
	Thermocouples 
	Solid-State Temperature Sensors 
	Resistance Temperature Detectors 

	Sampled-Data Systems 
	Sequential Scanning 

	Analog Input Systems 
	Analog-to-Digital Converters 
	Amplifiers 
	Single-Ended Versus Differential Signals 
	Common-Mode Rejection 
	Sample/Hold System 
	Multiplexers 
	Analog Signal Conditioning 
	Filtering 
	Analog Signal Scaling 
	Input Buffering 
	Resistance Signals 
	Current Conversion 
	Transmitters 
	Surge Protection 
	Analog Isolation 

	Analog Outputs 
	Digital-to-Analog Converters 
	Output Filtering 

	Digital Inputs and Outputs 
	Pulse and Frequency Inputs and Outputs 
	Digital Signal Scaling 
	Digital Isolation 
	Contact Sensing 
	Relay Driving 
	Motor Control 


	Noise and Wiring in Data Signal Handling 
	Grounding and Shielding Principles 
	Cable Types 

	Troubleshooting Guide for Noise 
	Cable-Length Guidelines 


	Industrial Control Networks 
	Early Networking Concepts 
	Early Data Highways 

	Network Protocols
	CSMA/CD Protocol (IEEE 802.3) 
	Token Bus Protocol (IEEE 802.4) 
	Token Ring Protocol (IEEE 802.5) 


	Communication Models and Layers 
	Manufacturing Automation Protocol 
	Open Systems 
	Fieldbus 

	Fiber-Optic Cables and Networks 
	Characteristics of Optical Fibers and Cables 
	Light Sources and Detectors 


	Index

	http://localhost/Process-Industrial%20Instruments%20and%20Control%20Handbook/25821_08.pdf
	Table of Contents
	8. Operator Interface 
	Operator Interface - Design Rationale 
	Human Factors 
	Importance of Initial Planning 
	Operator Variables 
	Habit Patterns 
	Operator-Interface Geometry 
	Alphanumeric Displays 
	Keyboards 
	Voice Recognition 

	Environmental Factors 
	Local Environment 
	Ambient Light Conditions 


	Cognitive Skills and Process Control 
	Introduction 
	Process Control Tasks 
	Models of Process Control Tasks 
	Quantitative Models 
	GOMS and NGOMSL 
	Expert Systems 
	Conclusions 

	Extracting Expert Knowledge 
	Protocol Analysis 
	Scaling 
	Pattern Recognition 

	Expertise in Process Control 
	Automatization 
	Accurate Mental Models 
	Spatial Representations 

	Training Cognitive Skills 
	Using a Predictor 
	Spatial Information 
	Analogies and Metaphors 
	Active Learning 
	Learning Styles 

	Impact of Automation 
	Vigilance Decrement 
	Out-of-Loop Familiarity 
	Overestimating the Intelligence of the Computers 
	Information Overload 

	Conclusions 
	References 

	Distributed Display Architecture 
	The Graphics Interface 
	User Interactions 
	"Conversational" Interactions 
	Data Inputs 
	Visual Display Devices 

	Knowledge-Based Operator Training 
	References 

	Intelligent Alarms 
	References 


	Index

	http://localhost/Process-Industrial%20Instruments%20and%20Control%20Handbook/25821_09a.pdf
	Table of Contents
	9. Valves, Servos, Motors, and Robots 
	Process Control Valves 
	Introduction 
	Chronology 
	Control Valve Bodies 
	General Categories of Control Valves 
	Sliding-Stem Valves 
	Ball Valves 
	Eccentric-Plug Valves 
	Butterfly Valves 
	Special Control Valves 

	Control Valve Performance [1] 
	Dead Band 
	Actuator-Positioner Design 
	Valve Response Time 
	Valve Type and Characterization 
	Valve Sizing 
	Economic Results 

	Valve Selection 
	General Selection Criteria 
	Pressure Ratings 
	Operating Temperature 

	Material Selection 
	Carbon-Steel Bodies and Bonnets 
	Alloy-Steel Bodies and Bonnets 
	Stainless-Steel Bodies and Bonnets 
	Selection of Materials 
	Trim Parts 
	Valve Packing [1] 

	Valve Capabilities and Capacities 
	Flow Characteristic 
	Rangeability 
	Pressure Drop 
	End Connections 
	Shutoff Capability 
	Flow Capacity 

	Valve Sizing 
	Basic Sizing Procedure 
	Choked Flow 
	Viscous Flow 
	Piping Considerations 
	Gas and Steam Sizing 

	Actuators 
	Power Source 
	Failure Mode 
	Actuator Capability 
	Control Functions 
	Economics 
	Actuator Designs 
	Actuator Sizing 
	Summary of Actuator Selection Factors 

	Valve Controllers and Accessories 
	Valve Positioners and Controllers 
	Digital Positioners [1] 
	Electropneumatic Transducers 

	Control Valve Installation [1] 
	Storage and Protection 
	Installation Techniques 

	Summary Checklist 
	References 
	Control Valve Troubleshooting 
	Common Valve Maintenance Procedures 
	Lapping the Seats 

	References 

	Control Valve Cavitation: An Overview 
	Introduction 
	Cavitation Fundamentals 
	Valve Hydrodynamics 
	Cavity Mechanics 
	Damage Mechanisms 
	Scale Effects 

	Cavitation Abatement Strategies 
	System-Level Cavitation Control 
	Valve Placement 
	Backpressure Devices 
	Gas Injection 

	Control-Valve Solutions 
	Material Selection 
	Special Trim Designs 

	Control-Valve Selection 
	Background 
	Cavitation Parameters and Coefficients 
	Example 

	Closure 
	References 

	Control Valve Noise 
	Introduction 
	Noise Terminology 
	Sources of Valve Noise 
	Mechanical Noise 
	Hydrodynamic Noise 
	Aerodynamic Noise 

	Noise Prediction 
	Hydrodynamic Noise: IEC 534-8-4 [1] 
	Aerodynamic Noise: IEC 534-8-3 [2] 

	Noise Control 
	Quiet Valves 
	Path Treatment 

	References 

	Servomotor Technology in Motion Control Systems 
	Introduction 
	Types of Servo Motors 
	General Characteristics and Comparison of Servo Motors 

	General Considerations 
	Motor Parameters, Definitions, and Terminology 
	Name-Plate Ratings 

	Electrical Considerations 
	Regulatory Considerations 
	Speed Versus Torque Curves 
	Thermal Ratings-Insulation Class 

	Mechanical Considerations 
	Mounting 
	IP Classification 
	Couplers 
	Bearings 
	Lubrication 
	Seals 
	Vibration 

	References 

	Solid-State Variable Speed Drives 
	Introduction 
	Reasons for Using a Variable Speed Drive 
	Semiconductor Switching Devices 
	Drive Control Technology 
	Solid-State DC Drives 
	Summary of Thyristor DC Drives 
	AC Variable Frequency Drives 
	Induction Motor Variable Speed Drives 
	Current-Fed vs. Voltage-Fed Circuits: The Two Basic Topologies 
	Medium-Voltage Variable Frequency Drives 
	The Load Commutated Inverter 
	Filter Commutated Thyristor Drive 
	Current-Fed GTO Inverter 
	Neutral-Point-Clamped Inverter 
	Multilevel Series-Cell Inverter 
	Cycloconverter 
	Comparison of Medium-Voltage Motor Drives 
	Bibliography 

	Robots 
	Basic Format of Robot 
	Axes of Motion 
	Degrees of Freedom 
	Work Envelope 

	Load Capacity and Power Requirements 
	Dynamic Properties of Robots 
	Stability 
	Resolution and Repeatability 
	Compliance 

	End-Effectors (Grippers) 
	Workplace Configurations 
	Work Cells 

	Robot Programming and Control

	Current-to-Pressure Transducers for Control-Valve Actuation
	Traditional Flapper-Nozzle Design 
	Introduction of New I/P Concepts 
	Electronic Feedback 


	Index

	http://localhost/Process-Industrial%20Instruments%20and%20Control%20Handbook/25821_09b.pdf
	Table of Contents
	9. Valves, Servos, Motors, and Robots 
	Process Control Valves 
	Introduction 
	Chronology 
	Control Valve Bodies 
	General Categories of Control Valves 
	Sliding-Stem Valves 
	Ball Valves 
	Eccentric-Plug Valves 
	Butterfly Valves 
	Special Control Valves 

	Control Valve Performance [1] 
	Dead Band 
	Actuator-Positioner Design 
	Valve Response Time 
	Valve Type and Characterization 
	Valve Sizing 
	Economic Results 

	Valve Selection 
	General Selection Criteria 
	Pressure Ratings 
	Operating Temperature 

	Material Selection 
	Carbon-Steel Bodies and Bonnets 
	Alloy-Steel Bodies and Bonnets 
	Stainless-Steel Bodies and Bonnets 
	Selection of Materials 
	Trim Parts 
	Valve Packing [1] 

	Valve Capabilities and Capacities 
	Flow Characteristic 
	Rangeability 
	Pressure Drop 
	End Connections 
	Shutoff Capability 
	Flow Capacity 

	Valve Sizing 
	Basic Sizing Procedure 
	Choked Flow 
	Viscous Flow 
	Piping Considerations 
	Gas and Steam Sizing 

	Actuators 
	Power Source 
	Failure Mode 
	Actuator Capability 
	Control Functions 
	Economics 
	Actuator Designs 
	Actuator Sizing 
	Summary of Actuator Selection Factors 

	Valve Controllers and Accessories 
	Valve Positioners and Controllers 
	Digital Positioners [1] 
	Electropneumatic Transducers 

	Control Valve Installation [1] 
	Storage and Protection 
	Installation Techniques 

	Summary Checklist 
	References 
	Control Valve Troubleshooting 
	Common Valve Maintenance Procedures 
	Lapping the Seats 

	References 

	Control Valve Cavitation: An Overview 
	Introduction 
	Cavitation Fundamentals 
	Valve Hydrodynamics 
	Cavity Mechanics 
	Damage Mechanisms 
	Scale Effects 

	Cavitation Abatement Strategies 
	System-Level Cavitation Control 
	Valve Placement 
	Backpressure Devices 
	Gas Injection 

	Control-Valve Solutions 
	Material Selection 
	Special Trim Designs 

	Control-Valve Selection 
	Background 
	Cavitation Parameters and Coefficients 
	Example 

	Closure 
	References 

	Control Valve Noise 
	Introduction 
	Noise Terminology 
	Sources of Valve Noise 
	Mechanical Noise 
	Hydrodynamic Noise 
	Aerodynamic Noise 

	Noise Prediction 
	Hydrodynamic Noise: IEC 534-8-4 [1] 
	Aerodynamic Noise: IEC 534-8-3 [2] 

	Noise Control 
	Quiet Valves 
	Path Treatment 

	References 

	Servomotor Technology in Motion Control Systems 
	Introduction 
	Types of Servo Motors 
	General Characteristics and Comparison of Servo Motors 

	General Considerations 
	Motor Parameters, Definitions, and Terminology 
	Name-Plate Ratings 

	Electrical Considerations 
	Regulatory Considerations 
	Speed Versus Torque Curves 
	Thermal Ratings-Insulation Class 

	Mechanical Considerations 
	Mounting 
	IP Classification 
	Couplers 
	Bearings 
	Lubrication 
	Seals 
	Vibration 

	References 

	Solid-State Variable Speed Drives 
	Introduction 
	Reasons for Using a Variable Speed Drive 
	Semiconductor Switching Devices 
	Drive Control Technology 
	Solid-State dc Drives 
	Summary of Thyristor dc Drives 
	ac Variable Frequency Drives 
	Induction Motor Variable Speed Drives 
	Current-Fed vs. Voltage-Fed Circuits: The Two Basic Topologies 
	Medium-Voltage Variable Frequency Drives 
	The Load Commutated Inverter 
	Filter Commutated Thyristor Drive 
	Current-Fed GTO Inverter 
	Neutral-Point-Clamped Inverter 
	Multilevel Series-Cell Inverter 
	Cycloconverter 
	Comparison of Medium-Voltage Motor Drives 
	Bibliography 

	Robots 
	Basic Format of Robot 
	Axes of Motion 
	Degrees of Freedom 
	Work Envelope 

	Load Capacity and Power Requirements 
	Dynamic Properties of Robots 
	Stability 
	Resolution and Repeatability 
	Compliance 

	End-Effectors (Grippers) 
	Workplace Configurations 
	Work Cells 

	Robot Programming and Control

	Current-to-Pressure Transducers for Control-Valve Actuation
	Traditional Flapper-Nozzle Design 
	Introduction of New I/P Concepts 
	Electronic Feedback 


	Index

	http://localhost/Process-Industrial%20Instruments%20and%20Control%20Handbook/25821_10a.pdf
	Table of Contents
	10. Process Control Improvement 
	World-Class Manufacturing 
	Introduction 
	Model for Improving Process Control to Achieve Business Benefits 
	Analysis to Identify Control Improvements 
	Identify Key Product Properties and Process Variables 
	Identify the Need for Improved Measurement and Control 
	Statistical Metrics 
	Assessment of Measurement and Controls 
	Estimate Benefits for the Improvements 
	Quality Stake 
	Yield Stake 
	Throughput Stake 

	Sustain the Benefits 
	Performance Metrics 

	Conclusions 
	References 

	Plant Analysis, Design, and Tuning for Uniform Manufacturing 
	Introduction 
	Process Variability 
	The Process as a Network 
	Steady-State Plant Design 
	Economic Opportunity 
	Sources of Variability 
	Operating Constraints, Uptime, Efficiency 
	Solid versus Nonsolid Product 
	Process Example - Paper Making 
	Manufacturing Objectives and Process Dynamics 
	Process Control Strategy - Paper Machine Blending 
	Variability Audit Procedure 
	Variability Examples 
	Diagnostic Principles 

	Time Series Analysis 
	Time Series Analysis Tools 
	Real-Time Data Acquisition 
	Sampling Theory - Time Series Data 
	Selecting Sampling Rates 
	Data Aliasing 
	Antialiasing Filters 
	Statistical Analysis 
	Normal or Gaussian Distribution 
	Stochastic Data Structures and Ideal Signals 
	Histogram 
	Spectral Analysis 
	Fourier Transform 
	Fast Fourier Transform 
	Power Spectrum 
	Cumulative Spectrum 
	Spectral Analysis Plotting Methods 
	Spectral Analysis Windowing and Detrending 
	Cross-Correlation and Autocorrelation Functions 

	Control Loop Performance for Uniform Manufacturing 
	Identifying the Manufacturing Requirements - Fine Paper Machine Example 
	Ziegler-Nichols Tuning 
	Coordinated Loop Tuning Based on Operational Requirements 
	Rule of Thumb for Maintaining Constant Ingredient Ratios 
	Rules of Thumb for Process Interaction 
	Rules of Thumb for Cascade Loops 
	Rules of Thumb for Buffer Inventory Storage Level Control 
	Tuning Rules of Thumb for Uniform Manufacturing - Summary 

	Control Loop Performance, Robustness, and Variability Attenuation 
	Resonance and Bode's Integral 
	Lambda Tuning Concept 
	Controller Types 
	Industrial Controllers 
	Common Lambda Tuning Rules 
	Impact of Dead Time 
	Control Loop Robustness and Stability Margins 
	The Control Loop Performance-Robustness Envelope - Speed of Response versus Robustness 
	Identifying Plant Dynamics - Open-Loop Step Tests 

	Control Actuator and Transmitter Deficiencies 
	Control Valve Nonlinearities 
	Control Valve Dynamic Specification 
	Variable-Speed Drives 
	Transmitter Deficiencies 

	Integrated Process Design and Control - Putting it all Together 
	Defining Terms and Nomenclature 
	References 

	Control Valve Response 
	Static Performance Measures 
	Dynamic Performance Measures 
	Valve Size and Inherent Flow Characteristic 
	Valve Flow Steadiness 
	Friction and Drive Shaft Design 
	Selection of Actuator and Accessories 
	Dynamic Test Signal Amplitude and Shape 
	Process Variable as the Ultimate Output 
	Summary: Control Valve Practices for Best Response 
	References 

	Process Impact 
	Plant Program for Control Optimization 
	Results of Control Optimization - Case Studies 
	Distillation Tower 
	Pilot Plant Reactor 
	High-Pressure Reactor 

	Common Problems 
	Improper Tuning on Level Loops 
	Dead Band in Control Valves 
	Selection of Control Valve Trim Characteristics 
	Excessive Dead Time in Control Valve Response 
	PID Implementation 
	Control Valve Performance Specification 
	Control Scheme 
	Other Problems 

	Key Points 
	References 

	Best Practices, Tools, and Techniques to Reduce the Maintenance Costs of Field Instrumentation 
	Business Impact 
	Engineering Practices 
	Problems and Causes 
	Causes of Measurement Errors and Failures 
	Causes of Control Valve Errors and Failures 

	Selection 
	Best Practices for Instrument Selection 

	Installation 
	Best Practices for Instrument Installation 

	Maintenance Practices 
	Best Maintenance Practices to Reduce Maintenance Costs 

	Instrument-Knowledge-Based Diagnostics 
	Diagnostic Techniques Used or Proposed by Instrument Manufacturers 

	Plant-Knowledge-Based Diagnostics 
	Tools and Techniques that Use Plant Knowledge 

	Key Points 
	Rules of Thumb 
	References 

	New Developments in Analytical Measurements 
	Perspective 
	New Developments in Analyzer Measurements 
	Sample Preparation Methods and Hardware 

	Multiple-Wavelength Near-Infrared (NIR) Analyzer 
	Fourier Transform Infrared 
	Fourier Transform Spectroscopy 
	Advantages of FTIR 
	Instrument Operation 
	Resolution 
	Apodization 
	Phase Correction 
	Trading Rules Relating Resolution, Noise Level, and Measurement Time 
	FTIR Interferometer Design [1] 

	The Resolution-Energy-Time Dilemma [2] 
	Examples 
	Changes Made by the User 
	The Measurement Principle 
	References 
	Mass Spectrometer 
	Dynamic Mass Analyzers 
	Ion Cyclotron Resonance Mass Analyzer 

	Ultraviolet/Visible Analyzers 
	Filter Isolation of Discrete Hollow Cathode Lamps [1] 
	Diode Array Process Spectrometer [2] 

	References 
	Raman Scattering Emission Spectrophotometers 
	Raman Analyzers 
	Capabilities and Limitations 
	Examples of Raman Analyzer Applications 

	Summary 
	References 
	Nuclear Magnetic Resonance 
	New Developments in NMR Measurement 
	Rules of Thumb 
	Theory of NMR [Conventional versus FTNMR) 
	Applications 


	Fundamentals of the Quantitative NMR 
	X-Ray Fluorescence (XRF) 
	X-Ray Fluorescence 
	Sulfur in Fuel 
	Monitoring Catalyst Depletion 
	XFF Theory 

	Production of X-Ray Emission and Acquisition of XRF Spectra 
	X-Ray Excitation 
	Interaction of X Rays with Matter 
	X-Ray Detectors and Supporting Electronics 

	Conclusions 
	Sonic and Microwave Analyzers (Ultra, Infrared, Resonance) 
	Microwave Spectroscopy 
	Instrument Bandwidth Differences 
	Guided Microwave Spectrometry 
	Interpretation of GMS Spectrums 
	Typical Software Approach to GMS Spectrum Measurement 
	Process Effects on Measurement 

	Neutron Activation Analyzers 
	Prompt Gamma Neutron Activation 
	Signal Processing 
	Signal Normalization 
	Sensitivities 
	Instrumentation 
	Calibration Process 

	References 
	Atomic Emission Spectrometers 
	Liquid Chromatography 

	The Improvement of Advanced Regulatory Control Systems 
	Problems and Causes 
	Causes of Poor Performance 
	Best Practices 

	Closed-Loop Tuning Method 
	Shortcut Tuning Method 
	Simplified Dahlin or Lambda Tuning Method 
	Best Practices to Improve Performance 
	References 

	Multivariable Predictive Control and Real-Time Optimization 
	What are Constrained Multivariable Predictive Control and Real-Time Optimization? 
	Basic Concepts of Constrained Multivariable Predictive Control 
	Basic Concepts of Real-Time Optimization? 

	Mathematical Foundations of Constrained Multivariable Predictive Control and Real-Time Optimization 
	Linear Systems 
	Process Representations 
	Predictive Control 
	Move Suppression 
	Extension to the Multivariable Case 
	Constraint Handling and Economic Optimization 

	Justification of Constrained Multivariable 
	Process Modeling Guidelines for Constrained Multivariable Predictive Control 
	Impulse Response Modeling 
	Time Series Analysis 
	Process Modeling Rules of Thumb 

	Constrained Multivariable Predictive Controller Tuning and Construction Guidelines 
	Real-Time Optimization Guidelines 
	Applications of Constrained Multivariable Predictive Control and Real-Time Optimization 
	Maintenance Issues of Constrained Multivariable Predictive Control and Real-Time Optimization 
	Developments and Future Directions of Constrained Multivariable Predictive Control 
	References 

	Neural Networks 
	What is an Artificial Neural Network? 
	Historical Development 
	Classification of Artificial Neural Networks 
	The Multilayer Error Backpropagation Perceptron 
	Application Classes and Typical Architectures of Multilayer Error Backpropagation Perceptrons 
	Pattern Recognition 
	Interpolation/Function Approximation 
	Parameter Estimation and System Identification 
	Control Applications 

	Applications of Artificial Neural Networks 
	Virtual Sensors 
	Neurocontrollers and Process Optimization 
	Other Artificial Neural Network Applications 

	Selection of an Artificial Neural Network Tool Practical Guidelines for Building Artificial Neural Networks 
	Recent Developments and Future Directions for Artificial Neural Networks 
	Recurrent Network Architectures 
	Genetic and Evolutionary Training 
	Fuzzy Logic/Neural Network Methods 

	References 


	Index

	http://localhost/Process-Industrial%20Instruments%20and%20Control%20Handbook/25821_10c.pdf
	Table of Contents
	10. Process Control Improvement 
	World-Class Manufacturing 
	Introduction 
	Model for Improving Process Control to Achieve Business Benefits 
	Analysis to Identify Control Improvements 
	Identify Key Product Properties and Process Variables 
	Identify the Need for Improved Measurement and Control 
	Statistical Metrics 
	Assessment of Measurement and Controls 
	Estimate Benefits for the Improvements 
	Quality Stake 
	Yield Stake 
	Throughput Stake 

	Sustain the Benefits 
	Performance Metrics 

	Conclusions 
	References 

	Plant Analysis, Design, and Tuning for Uniform Manufacturing 
	Introduction 
	Process Variability 
	The Process as a Network 
	Steady-State Plant Design 
	Economic Opportunity 
	Sources of Variability 
	Operating Constraints, Uptime, Efficiency 
	Solid versus Nonsolid Product 
	Process Example - Paper Making 
	Manufacturing Objectives and Process Dynamics 
	Process Control Strategy - Paper Machine Blending 
	Variability Audit Procedure 
	Variability Examples 
	Diagnostic Principles 

	Time Series Analysis 
	Time Series Analysis Tools 
	Real-Time Data Acquisition 
	Sampling Theory - Time Series Data 
	Selecting Sampling Rates 
	Data Aliasing 
	Antialiasing Filters 
	Statistical Analysis 
	Normal or Gaussian Distribution 
	Stochastic Data Structures and Ideal Signals 
	Histogram 
	Spectral Analysis 
	Fourier Transform 
	Fast Fourier Transform 
	Power Spectrum 
	Cumulative Spectrum 
	Spectral Analysis Plotting Methods 
	Spectral Analysis Windowing and Detrending 
	Cross-Correlation and Autocorrelation Functions 

	Control Loop Performance for Uniform Manufacturing 
	Identifying the Manufacturing Requirements - Fine Paper Machine Example 
	Ziegler-Nichols Tuning 
	Coordinated Loop Tuning Based on Operational Requirements 
	Rule of Thumb for Maintaining Constant Ingredient Ratios 
	Rules of Thumb for Process Interaction 
	Rules of Thumb for Cascade Loops 
	Rules of Thumb for Buffer Inventory Storage Level Control 
	Tuning Rules of Thumb for Uniform Manufacturing - Summary 

	Control Loop Performance, Robustness, and Variability Attenuation 
	Resonance and Bode's Integral 
	Lambda Tuning Concept 
	Controller Types 
	Industrial Controllers 
	Common Lambda Tuning Rules 
	Impact of Dead Time 
	Control Loop Robustness and Stability Margins 
	The Control Loop Performance-Robustness Envelope - Speed of Response versus Robustness 
	Identifying Plant Dynamics - Open-Loop Step Tests 

	Control Actuator and Transmitter Deficiencies 
	Control Valve Nonlinearities 
	Control Valve Dynamic Specification 
	Variable-Speed Drives 
	Transmitter Deficiencies 

	Integrated Process Design and Control - Putting it all Together 
	Defining Terms and Nomenclature 
	References 

	Control Valve Response 
	Static Performance Measures 
	Dynamic Performance Measures 
	Valve Size and Inherent Flow Characteristic 
	Valve Flow Steadiness 
	Friction and Drive Shaft Design 
	Selection of Actuator and Accessories 
	Dynamic Test Signal Amplitude and Shape 
	Process Variable as the Ultimate Output 
	Summary: Control Valve Practices for Best Response 
	References 

	Process Impact 
	Plant Program for Control Optimization 
	Results of Control Optimization - Case Studies 
	Distillation Tower 
	Pilot Plant Reactor 
	High-Pressure Reactor 

	Common Problems 
	Improper Tuning on Level Loops 
	Dead Band in Control Valves 
	Selection of Control Valve Trim Characteristics 
	Excessive Dead Time in Control Valve Response 
	PID Implementation 
	Control Valve Performance Specification 
	Control Scheme 
	Other Problems 

	Key Points 
	References 

	Best Practices, Tools, and Techniques to Reduce the Maintenance Costs of Field Instrumentation 
	Business Impact 
	Engineering Practices 
	Problems and Causes 
	Causes of Measurement Errors and Failures 
	Causes of Control Valve Errors and Failures 

	Selection 
	Best Practices for Instrument Selection 

	Installation 
	Best Practices for Instrument Installation 

	Maintenance Practices 
	Best Maintenance Practices to Reduce Maintenance Costs 

	Instrument-Knowledge-Based Diagnostics 
	Diagnostic Techniques Used or Proposed by Instrument Manufacturers 

	Plant-Knowledge-Based Diagnostics 
	Tools and Techniques that Use Plant Knowledge 

	Key Points 
	Rules of Thumb 
	References 

	New Developments in Analytical Measurements 
	Perspective 
	New Developments in Analyzer Measurements 
	Sample Preparation Methods and Hardware 

	Multiple-Wavelength Near-Infrared (NIR) Analyzer 
	Fourier Transform Infrared 
	Fourier Transform Spectroscopy 
	Advantages of FTIR 
	Instrument Operation 
	Resolution 
	Apodization 
	Phase Correction 
	Trading Rules Relating Resolution, Noise Level, and Measurement Time 
	FTIR Interferometer Design [1] 

	The Resolution-Energy-Time Dilemma [2] 
	Examples 
	Changes Made by the User 
	The Measurement Principle 
	References 
	Mass Spectrometer 
	Dynamic Mass Analyzers 
	Ion Cyclotron Resonance Mass Analyzer 

	Ultraviolet/Visible Analyzers 
	Filter Isolation of Discrete Hollow Cathode Lamps [1] 
	Diode Array Process Spectrometer [2] 

	References 
	Raman Scattering Emission Spectrophotometers 
	Raman Analyzers 
	Capabilities and Limitations 
	Examples of Raman Analyzer Applications 

	Summary 
	References 
	Nuclear Magnetic Resonance 
	New Developments in NMR Measurement 
	Rules of Thumb 
	Theory of NMR [Conventional versus FTNMR) 
	Applications 


	Fundamentals of the Quantitative NMR 
	X-Ray Fluorescence (XRF) 
	X-Ray Fluorescence 
	Sulfur in Fuel 
	Monitoring Catalyst Depletion 
	XFF Theory 

	Production of X-Ray Emission and Acquisition of XRF Spectra 
	X-Ray Excitation 
	Interaction of X Rays with Matter 
	X-Ray Detectors and Supporting Electronics 

	Conclusions 
	Sonic and Microwave Analyzers (Ultra, Infrared, Resonance) 
	Microwave Spectroscopy 
	Instrument Bandwidth Differences 
	Guided Microwave Spectrometry 
	Interpretation of GMS Spectrums 
	Typical Software Approach to GMS Spectrum Measurement 
	Process Effects on Measurement 

	Neutron Activation Analyzers 
	Prompt Gamma Neutron Activation 
	Signal Processing 
	Signal Normalization 
	Sensitivities 
	Instrumentation 
	Calibration Process 

	References 
	Atomic Emission Spectrometers 
	Liquid Chromatography 

	The Improvement of Advanced Regulatory Control Systems 
	Problems and Causes 
	Causes of Poor Performance 
	Best Practices 

	Closed-Loop Tuning Method 
	Shortcut Tuning Method 
	Simplified Dahlin or Lambda Tuning Method 
	Best Practices to Improve Performance 
	References 

	Multivariable Predictive Control and Real-Time Optimization 
	What are Constrained Multivariable Predictive Control and Real-Time Optimization? 
	Basic Concepts of Constrained Multivariable Predictive Control 
	Basic Concepts of Real-Time Optimization? 

	Mathematical Foundations of Constrained Multivariable Predictive Control and Real-Time Optimization 
	Linear Systems 
	Process Representations 
	Predictive Control 
	Move Suppression 
	Extension to the Multivariable Case 
	Constraint Handling and Economic Optimization 

	Justification of Constrained Multivariable 
	Process Modeling Guidelines for Constrained Multivariable Predictive Control 
	Impulse Response Modeling 
	Time Series Analysis 
	Process Modeling Rules of Thumb 

	Constrained Multivariable Predictive Controller Tuning and Construction Guidelines 
	Real-Time Optimization Guidelines 
	Applications of Constrained Multivariable Predictive Control and Real-Time Optimization 
	Maintenance Issues of Constrained Multivariable Predictive Control and Real-Time Optimization 
	Developments and Future Directions of Constrained Multivariable Predictive Control 
	References 

	Neural Networks 
	What is an Artificial Neural Network? 
	Historical Development 
	Classification of Artificial Neural Networks 
	The Multilayer Error Backpropagation Perceptron 
	Application Classes and Typical Architectures of Multilayer Error Backpropagation Perceptrons 
	Pattern Recognition 
	Interpolation/Function Approximation 
	Parameter Estimation and System Identification 
	Control Applications 

	Applications of Artificial Neural Networks 
	Virtual Sensors 
	Neurocontrollers and Process Optimization 
	Other Artificial Neural Network Applications 

	Selection of an Artificial Neural Network Tool Practical Guidelines for Building Artificial Neural Networks 
	Recent Developments and Future Directions for Artificial Neural Networks 
	Recurrent Network Architectures 
	Genetic and Evolutionary Training 
	Fuzzy Logic/Neural Network Methods 

	References 


	Index

	http://localhost/Process-Industrial%20Instruments%20and%20Control%20Handbook/25821_11.pdf
	Table of Contents
	11. Standards Overview 
	Safety Instrumented (Interlock) Systems 
	Introduction 
	What People Really Want 
	What the Standards Actually Are  

	Design Life Cycle 
	Conceptual Process Design 
	Hazard Analysis and Risk Assessment 
	Application of Non-SIS Layers 
	Is an SIS Required? 
	Define the Target Safety Integrity Level 
	Develop Safety Requirements Specification 
	Conceptual SIS Design 
	Detailed SIS Design 
	Installation and Commissioning 
	Operations and Maintenance 
	Modifications 
	Decommissioning 

	Multiple Independent Safety Layers 
	Process Plant Design 
	Process Control System 
	Alarms and Operators 
	Shutdown/Interlock Systems 
	Fire and Gas Systems 
	Containment Systems 
	Evacuation Procedures 

	System Technologies 
	Logic Systems 
	Field Devices 
	Sensors 
	Final Elements 

	System Analysis 
	Notes for Table 1 

	Key Points 
	Rules of Thumb 
	References 

	An Overview of the ISA/IEC Fieldbus 
	Introduction 
	Physical Installation of a Fieldbus System 
	Utilizing Fieldbus Devices to Meet Application Requirements
	Diagnostic Support of Foundation Fieldbus Devices 
	Control System Impact 
	Example Installations: Commercial Fieldbus Installations 
	Estimating Savings from Using Fieldbus Technology 
	Reduction of Terminations and Home Run Wiring 
	Reduction in the Number of I/O Cards 
	Reduction in Instrument Room Space 

	Summary 
	Best Practices in Applying Fieldbus 

	References 

	Batch Control: Applying the S88.01 Standard 
	Introduction 
	Definitions 
	Recipes 
	Recipe Types 
	Recipe Information Categories 

	Equipment Entities 
	Equipment Control 
	Physical Model 
	Partitioning Equipment Entities 
	Procedural Control Model/Physical Model/Process Model Relationship 

	Recipe Procedure/Equipment Control Separation 
	Control Recipe Procedure/Equipment Control Linking 
	Control Recipe/Equipment Procedural Elements 

	Process and Control Engineering 
	Control System Functional Specifications 
	What is Needed to Define Batch Control 
	Equipment Entity Details 

	Summary 
	Key Points 
	Rules of Thumb [6] 

	References 


	Index 

	http://localhost/Process-Industrial%20Instruments%20and%20Control%20Handbook/25821_fm.pdf
	Front Matter
	Table of Contents
	Index

	http://localhost/Process-Industrial%20Instruments%20and%20Control%20Handbook/25821_indx.pdf
	Table of Contents
	Index Terms
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W
	X
	Y
	Z


	http://localhost/Process-Industrial%20Instruments%20and%20Control%20Handbook/25821_toc.pdf
	Front Matter
	Table of Contents
	1. Introductory Review 
	2. Control System Fundamentals 
	3. Controllers 
	4. Process Variables-Field Instrumentation 
	5. Geometric and Motion Sensors 
	6. Real-Time Analytical Composition Measurements for Input to Process Control 
	7. Control Communications 
	8. Operator Interface 
	9. Valves, Servos, Motors, and Robots 
	10. Process Control Improvement 
	11. Standards Overview 

	Index 




