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Preface

This preface, as well as all footnotes and annexes, is included for information purposes and is not part of
ISA-TR75.25.02-2000.

The standards referenced within this document may contain provisions which, through reference in this
text, constitute requirements of this document. At the time of publication, the editions indicated were valid.
All standards are subject to revision, and parties to agreements based on this document are encouraged
to investigate the possibility of applying the most recent editions of the standards indicated within this
document. Members of IEC and ISO maintain registers of currently valid International Standards. ANSI
maintain registers of currently valid U.S. National Standards.

This document has been prepared as part of the service of ISA, the international society for measurement
and control, toward a goal of uniformity in the field of instrumentation. To be of real value, this document
should not be static but should be subject to periodic review. Toward this end, the Society welcomes all
comments and criticisms and asks that they be addressed to the Secretary, Standards and Practices
Board; ISA; 67 Alexander Drive; P. O. Box 12277; Research Triangle Park, NC 27709; Telephone (919)
549-8411; Fax (919) 549-8288; E-mail: standards@isa.org.

The ISA Standards and Practices Department is aware of the growing need for attention to the metric
system of units in general, and the International System of Units (SI) in particular, in the preparation of
instrumentation standards. The Department is further aware of the benefits to USA users of ISA standards
of incorporating suitable references to the SI (and the metric system) in their business and professional
dealings with other countries. Toward this end, this Department will endeavor to introduce Sl-acceptable
metric units in all new and revised standards, recommended practices, and technical reports to the
greatest extent possible. Standard for Use of the International System of Units (Sl): The Modern Metric
System, published by the American Society for Testing & Materials as IEEE/ASTM Sl 10-97, and future
revisions, will be the reference guide for definitions, symbols, abbreviations, and conversion factors.

It is the policy of ISA to encourage and welcome the participation of all concerned individuals and interests
in the development of ISA standards, recommended practices, and technical reports. Participation in the
ISA standards-making process by an individual in no way constitutes endorsement by the employer of that
individual, of ISA, or of any of the standards, recommended practices, and technical reports that ISA
develops.

CAUTION — ISA ADHERES TO THE POLICY OF THE AMERICAN NATIONAL STANDARDS
INSTITUTE WITH REGARD TO PATENTS. IF ISA IS INFORMED OF AN EXISTING PATENT THAT IS
REQUIRED FOR USE OF THE STANDARD, IT WILL REQUIRE THE OWNER OF THE PATENT TO
EITHER GRANT A ROYALTY-FREE LICENSE FOR USE OF THE PATENT BY USERS COMPLYING
WITH THE STANDARD OR A LICENSE ON REASONABLE TERMS AND CONDITIONS THAT ARE
FREE FROM UNFAIR DISCRIMINATION.

EVEN IF ISA IS UNAWARE OF ANY PATENT COVERING THIS STANDARD, THE USER IS
CAUTIONED THAT IMPLEMENTATION OF THE STANDARD MAY REQUIRE USE OF TECHNIQUES,
PROCESSES, OR MATERIALS COVERED BY PATENT RIGHTS. ISA TAKES NO POSITION ON THE
EXISTENCE OR VALIDITY OF ANY PATENT RIGHTS THAT MAY BE INVOLVED IN IMPLEMENTING
THE STANDARD. ISA IS NOT RESPONSIBLE FOR IDENTIFYING ALL PATENTS THAT MAY
REQUIRE A LICENSE BEFORE IMPLEMENTATION OF THE STANDARD OR FOR INVESTIGATING
THE VALIDITY OR SCOPE OF ANY PATENTS BROUGHT TO ITS ATTENTION. THE USER SHOULD
CAREFULLY INVESTIGATE RELEVANT PATENTS BEFORE USING THE STANDARD FOR THE
USER’S INTENDED APPLICATION.
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HOWEVER, ISA ASKS THAT ANYONE REVIEWING THIS STANDARD WHO IS AWARE OF ANY
PATENTS THAT MAY IMPACT IMPLEMENTATION OF THE STANDARD NOTIFY THE ISA
STANDARDS AND PRACTICES DEPARTMENT OF THE PATENT AND ITS OWNER.

ADDITIONALLY, THE USE OF THIS STANDARD MAY INVOLVE HAZARDOUS MATERIALS,
OPERATIONS OR EQUIPMENT. THE STANDARD CANNOT ANTICIPATE ALL POSSIBLE
APPLICATIONS OR ADDRESS ALL POSSIBLE SAFETY ISSUES ASSOCIATED WITH USE IN
HAZARDOUS CONDITIONS. THE USER OF THIS STANDARD MUST EXERCISE SOUND
PROFESSIONAL JUDGMENT CONCERNING ITS USE AND APPLICABILITY UNDER THE USER’S
PARTICULAR CIRCUMSTANCES. THE USER MUST ALSO CONSIDER THE APPLICABILITY OF
ANY GOVERNMENTAL REGULATORY LIMITATIONS AND ESTABLISHED SAFETY AND HEALTH
PRACTICES BEFORE IMPLEMENTING THIS STANDARD.

THE USER OF THIS DOCUMENT SHOULD BE AWARE THAT THIS DOCUMENT MAY BE IMPACTED
BY ELECTRONIC SECURITY ISSUES. THE COMMITTEE HAS NOT YET ADDRESSED THE
POTENTIAL ISSUES IN THIS VERSION.
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1 Purpose

This technical report describes the characteristic response of a control valve to step input signal changes.
It considers the factors that affect this response, the impact of the response on the quality of process
control, and the appropriate control valve specifications. In this document, a control valve is the complete
control valve body, with actuator and any accessories required for normal operation assembled and ready
for use. This document supports standard ANSI/ISA-75.25.01-2000 "Test Procedure for Control Valve
Response Measurement from Step Inputs”. See the standard for the test procedures.

Users and manufacturers have developed a better understanding of the effects of control valve response
characteristics on process control. This document identifies and defines four regions of control valve
response to step input changes of varying sizes. Existing standards do not include the definitions and
methods to measure certain valve characteristics now understood to be important. This technical report
provides guidance that can be used to relate the control valve performance to process control.

2 Scope

This technical report applies to throttling control valves in closed loop control applications. The concept
has some application to open loop control applications. It does not address control valves used in on-off
control service. The “control valve” in the context of this document includes the following components:

Valve: A valve is a device used for the control of fluid flow. It consists of a fluid containing valve body
assembly, one or more ports between connection openings and a moveable closure member, which
opens, restricts or closes the port(s) (see ANSI/ISA-75.05.01-2000, "Control Valve Terminology").

Actuator: An actuator is a device that supplies the force and causes the movement of the valve closure
member. Commonly these are fluid or electrically powered (see ANSI/ISA-75.05.01-2000). Actuators
often use air but other types use electric, hydraulic and electro-hydraulic power.

Motion conversion mechanism: A mechanism installed between the valve and the power unit of the
actuator to convert between linear and rotary motion where required. The conversion may be from linear
actuator action to rotary valve operation or from rotary actuator action to linear valve operation.

Accessories: Additional devices used in the operation of the control valve. As described in
ANSI/ISA-75.05.01-2000, typical examples include a positioner, transducer, signal booster relay, air set,
snubber, etc.

3 Definitions

This document and ANSI/ISA-75.25.01-2000 make use of terms as defined in ANSI/ISA-51.1-1979
(R1993) "Process Instrumentation Terminology", and some of the essential terms are repeated here for
convenience. In the specific area of nonlinear dynamics, it was determined that some terms defined in
ANSI/ISA-51.1-1979 (R1993) lacked the precision desired for these documents. Others were inconsistent
with the terminology used in the nonlinear control literature. A common set of definitions is used in
ANSI/ISA-75.25.01-2000 and this document. Those used only in this document are marked with an
asterisk (*).

3.1 backlash:*

in process instrumentation, a relative movement between connected mechanical parts, resulting from
looseness when motion is reversed [ANSI/ISA-51.1-1979 (R1993)]. Sometimes also referred to as slop,
lost motion, or free play.
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Figure 1 —Dead band and resolution

3.2 closed loop time constant:*

the time constant of the closed loop response of a control loop, used in tuning methods such as Internal
Model Control (IMC) and Lambda Tuning. The closed loop time constant is a measure of the performance
of a control loop.

3.3 dead band:

the range through which an input signal may be varied, with reversal of direction, without initiating an
observable change in output signal [ANSI/ISA-51.1-1979 (R1993)]. In this technical report and in standard
ISA-S75.25.01 it is defined in percent of input span. Note that in some other literature this definition is
used for dead zone.

3.4 deadtime (T):
the time after the initiation of an input change and before the start of the resulting observable response.

3.5 dead zone:*
a zone of input for which no value of the output exists [ANSI/ISA-51.1-1979 (R1993)].

3.6  dynamic response:

the time-dependent output signal change resulting from a defined time-dependent input signal change.
Commonly used input signal changes include impulse, pulse, step, ramp, and sinusoid [McGraw-Hill
"Dictionary of Scientific and Technical Terms", fifth edition, 1994]. Dynamic means that the control valve is
moving. Dynamic response can be measured without process loading in bench top tests with simulated or
active loading in a flow laboratory or under normal process operating conditions.
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3.7 gainratio G,/G,,,:
the response gain G, divided by the response gain G,,, determined from the multi-step test performed with
a step size of 2 percent. The ideal gain ratio equals 1.0 for tests about any nominal position.

GR = Gz/Gzoz

3.8  hunting:*

an undesirable oscillation of appreciable magnitude, prolonged after external stimuli disappears
[ANSI/ISA-51.1-1979 (R1993)]. Hunting can have two forms: oscillations occurring near the stability limit
of a linear system or the limit cycling tendency of a nonlinear system.

3.9 limit cycle:

an oscillation caused by the nonlinear behavior of a feedback system. These oscillations are of fixed
amplitude and frequency, and can be sustained in a feedback loop even if the system input change is
zero. In linear systems, an unstable oscillation grows theoretically to infinite amplitude, but nonlinear
effects limit this growth [Van De Vegte, J., "Feedback Control Systems", 2nd ed, Prentice Hall, 1990, p14].
See also hunting [ANSI/ISA-51.1-1979 (R1993)].

3.10 memory:*

in the context of small signal nonlinear dynamics, is that property of a nonlinearity which makes it sensitive
to the current direction, and the history of the input signal. Memory requires the inclusion of direction
arrows on those line segments of an X-Y plot that are directionally sensitive.

3.11 nonlinear system:*

a nonlinear system is one whose response depends on the amplitude and the nature of the input signal, as
well as the initial conditions of the system. As an example, a nonlinear system can change from being
stable to unstable by changing the size of the input signal.

When a nonlinear system is driven towards a setpoint by feed back control action, it is likely to develop a
limit cycle. The amplitude and frequency of such limit cycles are a function of the nature of the
nonlinearities which are present, and the effective gain of the feed back control action. As the gain of the
feed back is increased, the frequency of the limit cycle is likely to increase. More aggressive gain
increases may produce behavior such as bifurcation, frequency doubling and eventually chaotic behavior.

3.12 nonlinearity:*

there are many types of nonlinearities, although they can be generally grouped into two main groups:
simple nonlinearities without memory and more complex nonlinearities with memory [Van De Vegte,
above, Gibson, J. E. "Nonlinear Automatic Control" McGraw-Hill 1963]. Not the same as in ANSI/ISA-
51.1-1979 (R1993), linearity: the closeness to which a curve approximates a straight line.

3.13 overshoot:
the amount by which a step response exceeds its final steady state value. Refer to figure 24 of
ANSI/ISA-51.1-1979 (R1993). Usually expressed as a percentage of the full change in steady state value.

3.14 position Z:
the position of the closure member relative to the seated position. In this technical report and in standard
ANSI/ISA-75.25.01-2000 expressed as a percent of span.

3.15 resolution:

smallest step increment of input signal in one direction for which movement of the output is observed.
Resolution is expressed as percentage of input span. The term in this document means: the tendency of a
control valve to move in finite steps in responding to step changes in input signal applied in the same
direction. This happens when the control valve sticks in place, having stopped moving after the previous
step change.
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3.16 response:
the time history of a variable after a step change in the input. In this technical report and in standard
ANSI/ISA-75.25.01-2000, the step response can be stem position, flow, or another process variable.

3.17 response flow coefficient C,:*
apparent flow coefficient as determined by testing in an operating type environment. The data available in
the operating environment may differ from the laboratory data required by valve sizing standards.

3.18 response gain G,:
the ratio of the steady state magnitude of the process change AZ divided by the signal step As that caused
the change. One special reference response gain is defined as that calculated from the 2 percent step

size response time test. This is designated as G

G, = AZ/AS

AZ
GZDZ = ? AS

z02*°

02

3.19 sampling interval At

the time increment between sampled data points. It is the inverse of the sampling rate, f,. At = 1/f. As
used in this technical report and in standard ANSI/ISA-75.25.01-2000, since more than one variable is
being sampled, it is the time between the sets of sampled data. Ideally, all variables in one set are
sampled at the same time. If data is recorded using analog equipment, the time constant for the recording
equipment shall be less than or equal to the maximum allowed At.

3.20 sampling rate f:
the rate at which data samples are taken or the number of samples per unit time. See sampling interval.

3.21 shaft windup:*
in rotary valve systems, the tendency of the drive shaft to twist under load while the closure member is
stuck at a given position.

3.22 sliding friction F, or T
the force or torque required to maintain motion in either direction at a prescribed input signal ramp rate.

3.23 static:

means without motion or change [McGraw-Hill "Dictionary of Scientific and Technical Terms", fifth edition,
1994]; readings are recorded after the device has come to rest. Static performance can be measured
either without process loading (bench top tests), with simulated or active loading, or under process
operating conditions. This kind of test is sometimes called a dynamic test [McGraw-Hill above], which may
cause confusion. The static behavior characteristics identified as important to the control valve
performance are the dead band, the resolution, and the valve travel gain.

3.24 steady state:

a condition of a dynamic system when it is at rest at a given value. In testing the responses of a dynamic
system, step test methods are often used. The resulting system transitions from an initial steady state
value to a new final steady state value.

3.25 step change:

a nearly instantaneous step change made to an input signal of a dynamic system with the intention of
stimulating a step response of the dynamic system. Such a test is used to characterize the step response
of the dynamic system.
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