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PROCESS MEASUREMENT AND CONTROL TERMINOLOGY

1. SCOPE AND PURPOSE

This standard applies to terminology associated
with industrial process instrumentation used in indus-
tries such as chemical, petroleum, metallurgical, power,
food, textile and paper. It includes terms relating to
measurement and control, and the static and dynamic
performance of indicators, recorders, controllers, indicat-
ing controllérs, recording controllers, transmitters and
transducers.

The purpose of this standard is to establish com-
mon terminology for use by manufacturers, vendors, and
users to describe speciﬁcations and performance.

2. INTRODUCTION

2.1 Italicized Terms. Defined terms, where used as
part of other definitions, are set in italics to provide a
ready cross reference.

2.2 Introductory Notes. In defining certain perform-
ance terms, the context in which they are to be used has
been considered. It is fitting, therefore, that the philoso-
phy of performance evaluation on which these terms
are based be explained.

Ideally, instruments should be designed for realistic
operating conditions, those they are likely to meet in serv-
ice, and they should be evaluated under the same condi-
tions. Unfortunately, it is not practical to evaluate per-
formance under all possible combinations of operating
conditions. A test procedure must be used which is prac-
tical under laboratory conditions and, at the same time,
will make available with a reasonable amount of effort,
sufficient data upon which a judgment of field perform-
ance can be made.

The method of evaluation envisioned ‘is that of
checking significant performance characteristics such as
accuracy, dead band and hysteresis under a set of refer-
ence operating conditions, these having a narrow range
of tolerances.

Reference performance is therefore to be evaluated
and stated in terms of reference operating conditions.

Generally, reference performance under reference
operating conditions represents the ‘‘best” performance
that can be expected under ideal conditions.

The effect of change in an individual operating con-
dition, such as ambient temperature, atmospheric pres-
sure, relative humidity, line voltage, and frequency will
be determined individually throughout a range defined as
normal operating conditions. These can logically be ex-
pected to be encountered above and below the values of
reference operating conditions during field operation.

While this approach does not duplicate all actual
operating conditions, where many operating variables
may vary simultaneously in random fashion, it does
develop data from which performance may be inferred
for any given set of operating conditions.

The effect of changes in an individual operating con-
dition, all other operating conditions being held within
the reference range, is herein called operating influence.
There may be an operating influence corresponding to a
change in each operating condition. In some cases the
effect may be negligible, while in others it may be of
significant magnitude.

Tabulations of operating influences will usually
denote the performance quality level of a given design.
Comparisons of reference performance and operating in-
fluences for instruments of a given design, or for different
designs, will show clearly their relative merits and prob-
able performance under actual operating conditions.

Conditions

Operating Conditions vs. Performance

Operating
Performance

Reference Reference
{(narrow band) (Region within which accuracy state-
ments apply unless indicated otherwise.)

Normal Conditional

(wide band) {(Region within which the influence of
environment on performance is stated.)

Operative Indefinite

Limits . (Region within which influences are not

{extreme band) stated and beyond which damage may
occur.)

2.3 Sources and References. In the preparation of this

. Standard of Process Measurement and Control
Terminology, many standards and publications sponsored
by technical organizations such as ASME, IEEE and ISA
were studied by the committee in addition to those listed
as source documents.

Existing terms and definitions have been used
wherever considered suitable. In many cases terms have
been extracted from source documents with verbatim
definitions and in such cases permission to quote from
the respective source document has been obtained from
the organization concerned, as indicated below. Terms
defined verbatim are followed by the source document
number. For example: “ANSI C39.4” indicates that
this term is quoted verbatim from this particular standard.

In other cases definitions have been modified in
varying degrees in conformity with current practice in
process instrumentation and have been prefixed “REF.”
followed by the source document number. For example:
“REF. ANSI C39.4” indicates that this term is a modified
definition of the referenced term.

Source documents used from the many reviewed
are as follows:

American National Standard C39.4-1966
Specifications for Automatic Null-Balancing Elec-
trical Measuring Instruments, published by Ameri-
can National Standards Institute, Inc., Copyright
1966 by ANSL

American National Standard C42.30-1957
Instruments, Meters and Meter Testing (Group 30),
published by The Institute of Electrical and Elec-
tronics Engineers, Inc.

American National Standard C42.65-1957
Communications (Group 65), published by The
Institute of Electrical and Electronics Engineers, Inc.

American National Standard C85.1-1963
Terminology for Automatic Control, published by
the American Society of Mechanical Engineers,
Copyright 1963.

Copies of the American National Standards re-
ferred to above may be purchased from the Ameri-
can National Standards Institute, at 1430 Broad-
way, New York, New York 10018.

ASME Preprint 54-IRD-10
ASME/BSI Terminologies for Process Control, pre-
?rint of a paper by A.]J. Young of London, prepared
or presentation at a meeting of the Instruments &

- Regulators Division (since renamed the Automatic

Control Division) of the American Society of

Mechanical Engineers, September, 1954.
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3.

DEFINITIONS OF TERMS

accuracy

Conformity of an indicated value to an accepted
standard value, or true value.

Note 1: It is usually measured in terms of in-
accuracy and expressed as accuracy.

Note 2: As a performance specification accuracy
shall be assumed to mean reference accuracy un-

less otherwise stated.

REF. ANSI C85.1

accuracy, reference

A number or quantity which defines the limit that
errors will not exceed when the device is used un-
der reference operating conditions. See Figure 1.

Note: Reference accuracy includes the combined
conformity, hysteresis and repeatability errors.
The units being used are to be stated explicitly. It
is preferred that a + and — sign precede the number
or quantity. Theabsence of asign infersa+ and a —
sign. Reference accuracy can be expressed in a
number of forms. The following five examples are
typical:

1. Reference accuracy expressed in terms of the
measured variable. Typical expression: The refer-
ence accuracy is+ 1 F.

2. Reference accuracy expressed in percent of
span. Typical expression: The reference accuracy
is + 1/2% of span. (This percentage is calculated
using scale units such as deg. F, PS, etc.)

3. Reference accuracy expressed in percent of the
upper range-value. Typical expression: The refer-
ence accuracy is * 1/2% of upper range-value.
(This percentage is calculated using scale units such
as deg. F, PSI, etc.)

4. Reference accuracy expressed in percent of
scale length. Typical expression: The reference
accuracy is + 1/2% of scale length.

5. Reference accuracy expressed in percent of
actual output reading. Typical expression: The
reference accuracy is + 1% of actual output reading.
(This percentage is calculated using scale units such
as deg. F, PS, etc.)

See test procedure, page 36.

ouTPUT
MAXIMUM ACTUAL )
POSITIVE DEVIATION /

ACTUAL DOWNSCALE /
CHARACTERISTIC )

SPECIFIED
/ FUNCTIONAL

HIGH OR POSITIVE Y, CHARACTERISTIC
PERMISSIBLE
LIMIT OF ERROR 4 Y
7 /7
/ /

/ ' /
ACTUAL UPSCALE
/ /" CHARACTERISTIC
/

/ /

/ 7L maxivum ACTUAL
/ / NEGATIVE DEVIATION

, /

Y, A Low OR NEGATIVE
PERMISSIBLE
/ LIMIT OF ERROR

INPUT

SPAN
] 100%

FIGURE | — REFERENCE ACCURACY
actuating error signal
See signal, actuating error.

adaptive control action
See control action, adaptive.

air consumption

The maximum rate at which air is consumed by a
device within its operating range during steady-state

signal conditions.

Note: It is usually expressed in standard cubic

feet per minute (SCFM).

ambient pressure
See pressure, ambient.

ambient temperature
See temperature, ambient.

attenuation

1. A decrease in signal magnitude between two

points, or between two frequencies.

2. The reciprocal of gain.

Note: It may be expressed as a dimensionless
ratio, scalar ratio or in decibels as 20 times the

logy o of that ratio.

REF. ANSI C85.1
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auctioneering device calibrate
A device which automatically selects either the 1_' To ascerta.in by the use of a standard. the loca-
highest or the lowest input signal from among two tions at which scale or chart graduations °f. a
or more input signals. device should be placec.i to co.rrespond to' a series
of values of the quantity which the device is to
Note:  This is frequently referred to as a high or measure, receive, or fransmit.

low signal selector.
2. To adjust the output of a device, to bring it to
a desired value, within a specified tolerance, for a

Bode diagram particular value of the input.

A plot of log amplitade ratio and phase angle

values on a log frequency base for a transfer func- 3. To ascertain the error in the output of a device
tion. See Figure 2. by measuring or comparing against a standard.
Note: This may be an element, output or loop REF. ANSI C42.30 (to calibrate an instrument)

transfer function.

REF. ANSI C85.1 cascade control action
See control action, cascade.

closed loop
2 — 3 0 30 190 See loop, closed.
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. ! See gain, closed loop.
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FR \ common mode interference

H \ See interference, common mode.
@ conformity

Of a curve, the closeness to which it approximates
a specified curve (e.g., logarithmic, parabolic, cubic,

$

. B etc.).

8

:- P~ Note 1: It is usually measured in terms of noncon-

F formity and expressed as conformity; e.g., the max-

3 imum deviation between an average curve and a

i 0 specified curve. The average curve is determined

! 3 r;mum_cm:wg':n %0 00 after ‘making two or more full range traverses in

each direction. The value of conformity is referred
to the output unless otherwise stated.

FIGURE 2 — TYPICAL BODE DIAGRAM Note 2: Asaperformana? specification conform.ity
should be expressed as independent conformity,
terminal-based conformity or zero-based con-
formity. When expressed simply as conformity, it
is assumed to be independent conformity.

break point
The junction of two confluent straight-line seg-
menth of a plotted curve. See Figuaif: 2. ® REF. ANSI C85.1

ANSI C85.1 See linearity.
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conformity, independent control action, adaptive
The maximum deviation of the actual characteristic Control action whereby automatic means are used
(average of upscale and downscale readings) from a to change the type or influence (or both) of con-
specified curve, so positioned as to minimize the trol parameters in such a way as to improve the
maximum deviation. See Figure 3a. performance of the control. system.

L . REF. ANSI C85.1 (control system, adaptive)
conformity, terminal-based

The maximum deviation of the actual characteris-
tic (average of upscale and downscale readings) from
a specified curve coinciding with the actual char-
acteristic at upper and lower range-values. See

control action, cascade
Control action where the output of one controller
is the setpoint for another controller.

Figure 3b. control action, derivative (rate)
Control action in which the output is proportional

. to the rate of change of the input.
conformity, zero-based g P

The maximum deviation of the actual characteris-
tic (average of upscale and downscale readings) from
a specified curve so positioned as to coincide with
the actual characteristic at the lower range-value

REF. ANSI C85.1
See note under control action.

and to minimize the maximum deviation. See control action, direct digital
Figure 3c. Control action in which control is performed by a
digital device which establishes the signal to the

control action final controlling element.

Of a controller or a controlling system, the nature

: les of possible digi
of the change of the output effected by the input. Note: Examples of possible digital (D) and analog

(A) combinations for this definition are:

Note: The output may be a signal or the value of a final
manipulated variable. The input may be the con- feedback controlling
trol loop feedback signal when the setpoint is con- elements controller element

stant, an actuating error signal, or the output of
another controller.

hall ol
o>»>»U
Uoou
»» 00U

REF. ANSI C85.1
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ouTPUT ouTPUT
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control action, feedback

Control action in which a measured variable is
compared to its desired value to produce an actuat-
ing error signal which is acted upon in such a way
as to reduce the magnitude of the error.

control action, feedforward

Control action in which information concerning
one or more conditions that can disturb the con-
trolled variable is converted into corrective action
to minimize deviations of the controlled variable.

Note: The essential feature is the use of infor-
mation from the set point and from process
conditions that significantly affect the controlled
variable and not from the controlled variable itself.

The forward loops differ from commonly recog-
nized feed back loops in that inputs to feed-
forward control action are not affected by the
manipulated variable. See Figure 4a.

Feedforward control action can be combined with
feedback control in minimizing long term devia-
tions of the controlled variable. See Figure 4b.

control action, high limiting

Control action in which the output never exceeds
a predetermined high limit value.

control action, integral (reset)

Control action in which the output is proportional
to the time integral of the input; i.e., the rate of
change of output is proportional to the input.
See Figure 4.

Note: In the practical embodiment of integral
control action, the relation between output and in-
put, neglecting high frequency terms, is given by

I/s

————, where O S__ b «1
bl/s + 1

b = reciprocal of static gain
I/2n = gain crossover frequency in cycles per
unit time
s = complex variable
X = input transform

<
!

= output transform

ot
1]

integral action rate

ANSI C85.1

See note under control action.

control action, low limiting

Control action in which the output is never less
than a predetermined low limit value.

control action, optimizing

Control action that automatically seeks and main-
tains the most advantageous value of a specified
variable, rather than maintaining it at one set value.

control action, proportional

Controlaction in which there is a continuous linear
relation between the output and the input.

Note: This condition applies when both the output
and input are within their normal operating ranges
and when operation is at a frequency below a
limiting value.

ANSI C85.1

See note under control action.

control action, proportional plus derivative (rate)

Control action in which the output is proportional
to a linear combination of the input and the time
rate-of-change of input. See Figure 5.

Note: In the practical embodiment of proportional
plus derivative control action, the relationship
between output and input, neglecting high fre-
quency terms, is

Y 1 + sD
— = 4 P —— | where a1l
X - 1 + sD/a

and

= derivative action gain
derivative action time constant
= proportional gain

= complex variable

= input transform

<Ko O
1

= output transform

ANSI C85.1

See note under control action.
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LOAD LOAD
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Loor
MANIPULATED
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| cOMPENSATOR CONTROLLING CONTROLLED | o ooc o
SET POINT ELEMENT SYSTEM VARIABLE
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SYSTEM (CONTROLLED SYSTEM}

FIGURE 4a — FEEDFORWARD CONTROL ACTION (WITHOUT FEEDBACK)
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FIGURE 4b — FEEDFORWARD CONTROL ACTION (WITH FEEDBACK)
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control action, proportional plus integral (reset)
Control action in which the output is proportional
to a linear combination of the input and the time
integral of the input. See Figure 6.

Note: In the practical embodiment of proportional
plus integral control action, the relation between
output and input, neglecting high frequency terms,

is
Y I/s +1 (
— =+ P————, where 0 zb (1
X = £ Pyps 7 1 Where
and
b = proportional gain/static gain
I = integral action rate
P = proportional gain
s = complex variable
X = input transform
Y = output transform

ANSI C85.1
See note under control action.

control action, proportional plus integral (reset) plus
derivative (rate)
Control action in which the output is proportional
to a linear combination of the input, the time
integral of input and the time rate-of-change of
input. See Figure 7.

Note: In the practical embodiment of proportional
plus integral plus derivative control action, the
relationship of output to input, neglecting high
frequency terms, is

PROCESS MEASUREMENT & CONTROL TERMINOLOGY

and

derivative action gain
proportional gain/static gain
derivative action time constant
integral action rate

= proportional gain

complex variable

input transform

= output transform

e Y- Dow

ANSI C85.1

See note under control action.

control action, shared time
Control action in which one controller divides its
computation or control time among several control
loops rather than acting on all loops simultaneously.

control action, supervisory
Control action in which the control loops operate
independently subject to intermittent corrective
action; e.g., setpoint changes from an external
source.

control action, velocity limiting
Control action in which the rate of change of a
specified variable will not exceed a predetermined
limit.

control mode
A specific type of control action such as propor-
tional, integral or derivative.
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FIGURE 6 — PROPORTIONAL PLUS INTEGRAL CONTROL ACTION
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control system
A system in which deliberate guidance or manipula-
tion is used to achieve a prescribed value of a
variable. See Figure 8.

Note: It is subdivided into a controlling system
and a controlled system.

ANSI C85.1

control system, multi-element (multi-variable)
A control system utilizing input signals derived
from two or more process variables for the purpose
of jointly affecting the action of the control system.

Note: Examples are input signals from pressure
and temperature or from speed and flow, etc.

control system, non-interacting
A multi-element control system designed to avoid
disturbances to other controlled variables due to

the process input adjustments which are made for
the purpose of controlling a particular process
variable.

controlled system
See process.

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

REF. ANSI C85.1 (controller, automatic)

Note: This term is adequate for the process
industries where the word “controller” always
means “automatic controller”. In some industries,
“automatic” may not be implied and the term
“automatic controller” is preferred.

controller, direct acting
A controller in which the absolute value of the
output signal increases as the absolute value of the
input (measured variable) increases.

controller, floating
A controller in which the rate of change of the
output is a continuous (or at least a piecewise con-
tinuous) function of the actuating error signal.

Note: The output of the controller can remain at
any value in its operating range when the actuating
error signal is zero and constant. Hence the output
is said to float. When the controller has integral
control action only, the mode of control has been
called “proportional speed floating.” The use of the
term integral control action is recommended as a
replacement for “proportional speed floating cca-
trol.” See also controller, single-speed floating;
controller, multiple-speed floating; controller, in-
tegral.

REF. ANSI C85.1 (control system, floating)
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controller, integral (reset) (I)
A controller which produces integral control action
only.

Note: May also be referred to as controller, pro-
portional speed floating.

controller, multiple-speed floating
A floating controller in which the output may
change at two or more rates, each corresponding
to a definite range of values of the actuating error

signal.

REF. ANSI C85.1 (control system, multiple-speed
floating)

controller, multi-position
A controller having two or more discrete values of
output. See Figure 9a.

controller, on-off
A multi-position controller having two discrete
values of output, fully on, or fully off. See Figures
9c and 9d.

controller, proportional (P)
A controller which produces proportional control
action only.

controller, proportional plus derivative (rate), (PD)
A controller which produces proportional plus de-
rivative (rate) control action.

controller, proportional plus integral (reset), (PI)
A controller which produces proportional plus
integral (reset) control action.

controller, proportional plus integral (reset) plus deriva-
tive (rate), (PID)
A controller which produces proportional plus
integral (reset) plus derivative (rate) control action.

controller, proportional speed floating
See controller, integral (reset) (I).

See note under controller, floating.

controller, ratio
A controller that maintains a predetermined ratio
between two or more variables.

REF. ANSI C85.1 (control system, ratio)

controller, reverse acting
A controller in which the absolute value of the
output signal decreases as the absolute value of
the input (measured variable) increases.

controller, sampling
A controller using intermittently observed values
of a signal such as the setpoint signal, the actuating
error signal, or the signal representing the controlled
variable, to effect control action.

REF. ANSI C85.1 (control system, sampling)

controller, self-operated (regulator)
A controller in which all the energy to operate the
final controlling element is derived from the con-
trolled system, through the sensing element.

REF. ANSI C85.1

controller, single-speed floating
A controller in which the output changes at a fixed
rate increasing or decreasing depending on the sign
of the actuating error signal.

Note: A neutral zone of values of the actuating
error signal in which no action occurs may be used.

REF. ANSI C85.1 (control system, single-speed
floating)

controller, three position
A multiposition controller having three discrete
values of output. See Figure 9b.

Note: This is commonly achieved by selectively
energizing a multiplicity of circuits (outputs) to
establish three discrete positions of the final control
element.

controller, time proportioning.
A controller whose output consists .of periodic
pulses whose duration is varied to relate, in some
prescribed manner, the time average of the output
to the actuating error signal.

REF. ANSI C85.1 (control system, duty factor)

controller, time schedule
A controller in which the setpoint (or reference-
input signal) automatically adheres to a predeter-
mined time schedule.

REF. ANSI C85.1

controller, two position
A multi-position controller having two discrete
values of output. See Figures 9c and 9d.
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controlling system

1. Of a feedback control system, that portion which
compares functions of a directly controlled variable
-and asetpoint;and adjusts a manipulated variable
as a function of the difference. Itincludes the ref-
erence input elements; summing point; forward

Note: For any system whose transfer function in-
cludes a quadratic factor s2 + 2z0,s + w?y
relative damping is the value z, since z = 1 for
critical damping.  Such a factor has a root
— 0 + jw in the complex s-plane, from which

z2=0lwy = oo +52

and final controlling elements; and feedback ele- ANSI C85.1
ments (including sensing element).
where:

2. Of an automatic control system without feed-

back, that portion of the control system which s = complex variable

manipulates the controlled system. See Figure 8. @n = natural frequency, rad/sec
4 = damping ratio
REF. ANSI C85.1 o = real part of the complex variable(s)
j = JT
w = frequency, rad/sec

corner frequency i
The value of the abscissa of the confluence in the
asymptotic approximation of a log amplitude vs.
log frequency relation. See Figure 2.

damping factor
For the free oscillation of a second-order linear sys-
tem, a measure of damping, expressed (without
sign) as the quotient of the greater by the lesser of
a pair of consecutive swings of the output (in
opposite directions) about an ultimate steady-state

correction value. See Figure 10.
The algebraic difference between the true value

and the indication of the measured signal. 1t is the
quantity which algebraically added to the indication
gives the true value.

REF. ANSI C85.1 (frequency, corner)

REF. ANSI C85.1

Note: A positive correction denotes that the in-
.. . . ou

dication of the instrument is less than the true value. TR

STEADY-STATE

VALLE OF OUTPUT
Correction = True Value — Indication

A 0
REF. ANSI C39.4 A Y S8 T N
8 c
See error.
F
damping pampinG FacToR« 1§80 2 1 Etc
The progressive reduction or suppression of the
oscillation of a system.
TiME

Note: When the time response to an abrupt stimulus

is as fast as possible without overshoot the response
is said to be “critically damped”; “underdamped”
when overshoot occurs; “overdamped” when re-
sponse is slower than critical.

FIGURE 10 — UNDERDAMPED RESPONSE OF A
' SYSTEM WITH SECOND-ORDER LAG

dead band
The range through which an input can be varied

REF. ANSI C85.1 . . :
without initiating response. See Figure 11b.

damping, relative
For an underdamped system, a number expressing
the quotient of the actual damping of a second-order
linear system or element by its critical damping.

Note: Dead band is usually expressed in percent
of span.

See test procedure on Page 36.



dead time
See time, dead.

dead zone
See zone, dead.

derivative action gain
See gain, derivative action.

derivative action time
See time, derivative action.

derivative action time constant
See time constant, derivative action.

derivative control action
See control action, derivative.

desired value
See value, desired.

deviation
Any departure from a desired or expected value or
pattern.

ANSI C85.1

deviation, steady-state
The system deviation after transients have expired.

ANSI C85.1
See also offset.

deviation, system
The instantaneous value of the ultimately con-
trolled variable minus the setpoint.

REF. ANSI C85.1

deviation cycle drift
See drift, deviation cycle.

device
An apparatus for performing a prescribed function.

differential mode interference
See interference, normal mode.

direct acting controller
See controller, direct acting.

direct digital control action
See control action, direct digital.

directly controlled system
See system, directly controlled.

directly controlled variable’
See variable, directly controlled.

distortion
An undesired change in waveshape.

ANSI C85.1

PROCESS MEASUREMENT & CONTROL TERMINOLOGY

disturbance
An undesired change in a variable applied to a sys-
tem which tends to affect adversely the value of a
controlled variable. See Figure 8.

REF. ANSI C85.1
drift
A change in the output-input relationship over a
period of time.

Note: In process control, drift in a device is
generally undesirable.

drift, deviation cycle
The maximum change in output for the same input
and operating conditions obtained from a number
of test cycles over a specified period of time.

Note: The operating conditions may vary be-
tween test cycle measurements provided they stay
within normal operating conditions of the test
device.

Typical expression: The maximum drift for any
point, at ambient temperature conditions (75+2 F),
and between tests not exceeding ambient tempera-
ture limits of 30 to 130 F, was within 0.2% of out-
put span, for a period of 30 days.

See test procedure on Page 37.

See Test Cycle, Section 4.3, Page 36.

drift, point
The change in output over a specified period of time
for a constant input under specified reference
operating conditions.

Note: Point drift is frequently determined at more
than one input, as for example: At 0%, 50% and
100% of range. Thus, any drift of zero or span
may be calculated.

Typical expression: The drift at mid-scale for
ambient temperature (70 + 2 F) for a period of
48 hours was within 0.1% of output span.

See test procedure on Page 37.

dynamic gain
See gain, dynamic.

dynamic response
See response, dynamic.

electrical interference
See interference, electrical.

electrostatic field interference
See interference, electrostatic field.

element
A component of a device or system.
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element, final controlling
That forward controlling element which directly
changes the value of the manipulated variable. See
Figure 8.

ANSI C85.1 (controlling element, final)

element, sensing
The portion of a device directly responsive to the
value of the measured quantity.

Note: It may include the case protecting the
sensitive portion.

elements, feedback
Those elements in the controlling system which
change the feedback signal in response to the di-
rectly controlled variable. See Figure 8.

ANSI C85.1

elements, forward controlling
Those elements in the controlling system which
change a variable in response to the actuating error
signal. See Figure 8.

REF. ANSI C85.1 (controlling elements, forward)

elements, reference-input
That portion of the controlling system which
changes the reference-input signal in response to
the setpoint. See Figure 8.

elevated range
See range, suppressed-zero.

elevated span
See range, suppressed-zero.

elevated-zero range
See range, elevated-zero.

elevation
See range, suppressed-zero.

error
The algebraic difference between the indication and
the true value of the measured signal. It is the
quantity which algebraically subtracted from the
indication gives the true value.

Note: A positive error denotes that the indication
of the instrument is greater than the true value.

Error = Indication — True Value.

REF. ANSI C39.4

See correction.

error, span
The difference between the actual span and the
ideal span.

Note: It is usually expressed as a percent of ideal
span.

error, zero
The error of a device operating under the specified
conditions of use when the input is at the lower
range-value.

error signal
See signal, error.

feedback control action
See control action, feedback.

feedback elements
See elements, feedback.

feedback loop
See loop, closed.

feedback signal
See signal, feedback.

feedforward control action
See control action, feedforward.

final controlling element
See element, final controlling.

floating controller
See controller, floating.

forward controlling elements
See elements, forward controlling.

frequency, undamped (frequency, natural)
1. Of a second-order linedr system without damp-
ing, the frequency of free oscillation in radians or
cycles per unit of time.

2. Of any system whose transfer tunction contains
the quadratic factor s2+ 2zwps + w2y, the value

W,
where:
s = complex variable
z = constant
wn = natural frequency in radians per second



3. Of aclosed-loop control system or controlled sys-
tem, a frequency at which continuous oscillation
(hunting) can occur without periodic stimuli.

Note: In linear systems, the undamped frequency
is the phase crossover frequency. With proportional
control.action only, the undamped frequency of a
linear system may be obtained in most cases by
raising the proportional gain until continuous oscil-
lation occurs. This value of gain has been called
the ‘“‘ultimate gain” and the undamped period the
“ultimate period.” *

REF. ANSI C85.1

frequency response characteristic

The frequency-dependent relation, in both ampli-
tude and phase, between steady-state sinusoidal
inputs and the resulting fundamental sinusoidal
outputs. See Figure 2.

Note: Frequency response is commonly plotted on
a Bode diagram.

REF. ANSI C85.1 (frequency-response characteristic)

gain (magnitude ratio)

For a linear system or element, the ratio of the
magnitude (amplitude) of a steady-state sinusoidal
output relative to the causal input; the length of a
phasor from the origin to a point of the transfer
locus in a complex plane.

Note: The quantity may be separated into two
factors:. (1) a proportional amplification often
denoted as K which is frequency-independent, and
associated with a dimensioned scale factor relating
to the units of input and output; (2} a dimension-
less factor often denoted as G (jw) which is fre-
quency-dependent. Frequency, conditions of opera-
tion, and conditions of measurement must be
specified. A loop gain characteristic is a plot of log
gain vs. log frequency. In nonlinear systems, gains
are often amplitude-dependent.

ANSI C85.1

gain, closed loop

The gain of a closed loop system, expressed as the
ratio of the output change to the input change at a
specified frequency.

REF. ANSI C85.1

gain, derivative action (rate gain)

The ratio of maximum gain resulting from propor-
tional plus derivative control action to the gain due
to proportional control action alone. See Figures
5and 7.

ANSI C85.1 (derivative action gain)

PROCESS MEASUREMENT & CONTROL TERMINOLOGY

gain, dynamic

The magnitude ratio of the steady-state amplitude
of the output signal from an element or system to
the amplitude of the input signal to that element
or system, for a sinusoidal signal.

REF. ASME 54-IRD-10 (gain, amplification)
Note: It may be expressed as a ratio, or in decibels

as 20 times the log of that ratio for a specified
frequency.

gain, loop

The ratio of the change in the return signal to the
change in its corresponding error signal at a

specified frequency.

Note: The gain of the loop elements is frequently
measured by opening the loop, with appropriate
terminations. The gain so measured is often called
the open loop gain.

gain, proportional

The ratio of the change in output due to propor-
tional control action to the change in input.

Mustration: Y =+ PX

where:
P = proportional gain
X = input transform
Y = output transform

ANSI C85.1

See proportional band.

gain, static

The value of the gain approached as a limit as
frequency approaches zero.
ANS] C85.1

high limiting control action

See control action, high limiting.

hysteresis

1. When used as a performance specification, the
maximum difference for the same input between
the upscale and downscale output values during a
full range traverse in each direction. See Figure 11c.

Note: This is a common usage definition which
includes hysteretic error and dead band. That
portion of the difference which is dependent on
the history of prior excursion is hysteretic error
while that portion due to dead band may be deter-
mined by a conventional dead band test.
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2. When describing a physical property, that prop-
erty of an element evidenced by the dependence
of the value of the output, for a given excursion of
the input, upon the history of prior excursions and
the direction of the current traverse.

Note: Some reversal of the output will occur on
any small reversal of the input if a device exhibits
hysteretic error without dead band.

REF. ANSI C85.1

See test procedure on Page 37.

hysteretic error

That portion of hysteresis due to energy absorption
in the elements of a measuring instrument. It is
obtained by subtracting the value of dead band
from the corresponding value of hysteresis for a
given input. See Figure 1la.

Note: The energy absorbed is conceived as pro-
duced by molecular friction and appears as heat
in dynamic cycling when cyclic mechanical force
is applied to a spring or cyclic magnetizing force
to a magnetic material.

See hysteresis.

See test procedure on Page 37.

I controller

See controller, integral.

ideal value

See value, ideal.

idealized system

See system, idealized.
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impedance, input
The impedance presented by a device to the source.

REF. ANSI C42.65

impedance, load
The impedance presented to the output of a device
by the load.

REF. ANSI C42.65

impedance, output
The impedance presented by a device to the load.

REF. ANSI C42.65

impedance, source
The impedance presented to the input of a device
by the source.

REF. ANSI C42.65

independent conformity
See conformity, independent.

independent linearity
See linearity, independent.

indicating instrument
See instrument, indicating.

indicator travel
The length of the path described by the indicating
means or the tip of the pointer in moving from one
end of the scale to the other.

Note 1: The path may be an arc or a straight line.
Note 2: In the case of knife-edge pointers and
others extending beyond the scale division marks,

the pointer shall be considered as ending at the
outer end of the shortest scale division marks.

ANSI C39.4

indirectly controlled system
See system, indirectly controlled.

indirectly controlled variable
See variable, indirectly controlled.

input impedance
See impedance, input.

input signal
See signal, input.

PROCESS MEASUREMENT & CONTROL TERMINOLOGY

instrument, indicating
A measuring instrument in which the value of the
measured quantity is visually indicated.

instrument, measuring
A device for ascertaining the magnitude of a phys-
ical quantity or condition presented to it.

instrument, recording
A measuring instrument in which the values of the
measured quantity are recorded.

Note: The record may be either analog or digital
and need not be visual, for example as on magnetic
tape.

integral action limiter
A device which limits the value of the output signal
due to integral control action, to a predetermined
value.

integral action rate (reset rate)
1. Of proportional plus integral or proportional
plus integral plus derivative control action devices;
for a step input, the ratio of the initial rate of
change of output due to integral control action to
the change in steady-state output due to propor-
tional control action.

Note: Integral action rate is often expressed as the
number of repeats per minute because it is equal to
the number of times per minute that the propor-
tional response to a step input is repeated by the
initial integral response.

2. Of integral control action devices; for a step
input, the ratio of the initial rate of change of out-
put to the input change.

REF. ANSI C85.1

integral action time constant
See time constant, integral action.

integral control action
See control action, integral.

integral controller
See controller, integral.

interference, common mode
A form of interference which appears between
measuring circuit terminals and ground.

ANSI C39.4

Note: May also be referred to as interference,
longitudinal; however interference, common mode
is the preferred term.
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interference, differential mode
See interference, normal mode.

interference, electrical
Any spurious voltage or current arising from exter-
nal sources and appearing in the circuits of a device.

ANSI C39.4
See noise.

interference, electrostatic field
A form of interference induced in the circuits of a
device due to the presence of an electrostatic field.

Note: It may appear as common mode or normal
mode interference in the measuring circuits.

interference, longitudinal
See interference, common mode.

interference, magnetic field
A form of interference induced in the circuits of a
device due to the presence of a magnetic field.

Note: It may appear as common mode or normal
mode interference in measuring circuits.

ANSI C39.4

interference, normal mode
A form of interference which appears between
measuring circuit terminals.

ANSI C39.4

Note: May also be referred to as interference,
differential mode or interference, transverse; how-
ever interference, normal mode is the preferred
term.

interference, transverse

See interference, normal mode.

intermediate zone
See zone, intermediate.

Laplace transform-unilateral

Of a function f(t), the quantity obtained by per-
forming the operation

f(s) = [ °:f(t)e'” dt

where:
s o+ jw
f(s) = function of s
] = complex variable
f(t) = function of t
t = time, seconds
o = real part of the complex variable s
j I
@ = frequency, rad/sec

ANSI C85.1

limit, velocity
A limit which the rate of change of a specified
variable cannot exceed.

linearity
The closeness to which a curve approximates a
straight line.

Note 1: It is usually measured as a nonlinearity
and expressed as linearity; e.g., a maximum devia-
tion between an average curve and a straight line.
The average curve is determined after making two
or more full range traverses in each direction. The
value of linearity is referred to the output unless
otherwise stated.

Note 2: As a performance specification linearity
should be expressed as independent linearity,
terminal-based linearity or zero-based linearity.
When expressed simply as linearity it is assumed
to be independent linearity.

REF. ANSI C85.1 (linearity of a signal)
See conformity.

linearity, independent
The maximum deviation of the actual characteris-
tic (average of upscale and downscale readings)
from a straight line so positioned as to minimize
the maximum deviation. See Figure 12a.

See test procedure on Page 37.

linearity, terminal-based
The maximum deviation of the actual characteris-
tic (average of upscale and downscale readings)
from a straight line coinciding with the-actual char-
acteristic at upper and lower range-values. See
Figure 12b.

See test procedure on Page 38.

linearity, zero-based
The maximum deviation of the actual characteris-
tic (average of upscale and downscale readings)
from a straight line so positioned as to coincide
with the actual characteristic at the lower range-
value and to minimize the maximum deviation.
See Figure 12c.

See test procedure on Page 38.

live zone
See zone, live.

load impedance
See impedance, load.
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load regulation
The change in output (usually speed or voltage )
from no-load to full-load (or other specified limits).

Note: It may be expressed as the percentage ratio
of the change from no-load to full-load divided by
the no-load value.

REF. ANSI C85.1

longitudinal interference
See interference, common mode.

loop, closed (feedback loop)
A signal path which includes a forward path, a feed-
back path and a summing point, and forms a closed
circuit.

ANSI C85.1 (closed loop)

loop, open
A signal path without feedback.

ANSI C85.1 (open loop)

loop gain
See gain, loop
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loop gain characteristic
Of a closed loop, the characteristic curve of the
ratio of the change in the return signal to the
change in its corresponding error signal for all
real frequencies.

loop transfer function
Of a closed loop, the transfer function obtained by
taking the ratio of the Laplace transform of the
return signal to the Laplace transform of its corre-
sponding error signal.

ANSI C85.1 (function, loop transfer)

low limiting control action
See control action, low limiting.

lower range-limit
See range-limit, lower.

lower range-value
See range-value, lower.

magnetic field interference
See interference, magnetic field.

magnitude ratio
See gain (magnitude ratio).

manipulated variable
See variable, manipulated.

measured signal
See signal, meadsured.

measured variable
The physical quantity, property, or condition which
is to be measured.

Note 1: It is sometimes referred to as the measurand.

Note 2: Common measured variables are temper-
ature, pressure, rate of flow, thickness, speed, etc.

ANSI C39.4
See Table 2, Page 35.
See signal, measured.

measuring instrument
See instrument, measuring.

mechanical shock
The momentary application of an acceleration
force to a device.

Note: It is usually expressed in units of gravity (g).

modulation
The process, or result of the process, whereby some
characteristic of one wave is varied in accordance
with some characteristic of another wave.
ANSI C85.1
mounting position
The position of a device relative to physical sur-
roundings.

multi-element control system
See control system, multi-element.

multiple-speed floating controller
See controller, multiple-speed floating.

multi-position controller
See controller, multi-position.

multi-variable control system
See control system, multi-element.

natural frequency
See frequency, undamped.

neutral zone
See zone, neutral.

noise
An unwanted component of a signal or variable
which obscures the information content.

ANSI C85.1

Note: It may be expressed in units of the output
or in percent of output span.

See interference, electrical.

non-interacting control system
See control system, non-interacting.

normal mode interference
See interference, normal mode.

normal operating conditions
See operating conditions, normal.

offset
The steady-state deviation when the setpoint is
fixed. See also deviation, steady-state.

Note: The offset resulting from a no-load to a
full-load change (or other specified limits) is often
called “droop” or “load regulation.”

REF. ANSI C85.1



on-off controller

See controller, on-off.

open loop

See loop, open.

operating conditions

Conditions (such as ambient temperature, ambient
pressure, vibration, etc.) to which a device is sub-
jected, but not including the variable measured by
the device.

ANSI C39.4

operating conditions, normal

"The range of operating conditions within which a
device is designed to operate and under which opera-
ting influences are usually stated. See Figure 13.

= s

I

—— e e —ee— LOWER OPERATIVE LNNIT
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FIGURE 13 — DIAGRAM OF OPERATING
CONDITIONS

operating conditions, reference

The range of operating conditions of a device,
within which operating influences are negligible.
See Figure 13.

Note 1: The range is usually narrow.

Note 2: They are the conditions under which ref-
erence performance is stated and the base from
which the values of operating influences are deter-
mined.

PROCESS MEASUREMENT & CONTROL TERMINOLOGY

operating influence

The change in a performance characteristic caused
by a change in a specified operating condition from
reference operating condition, all other conditions
being held within the limits of reference operating
conditions.

Note: The specified operating conditionsare usually
the limits of the normal operating conditions.

REF. ANSI C39.4

Operating influence may be stated in either of two
ways:

1. Asthe total change in a performance character-
istic from reference operating condition to another
specified operating condition.

Example: Voltage influence on accuracy may be
expressed as:

2% of span based on a change in voltage from ref-
erence value of 120 volts to a value of 130 volts.

2. As a coefficient expressing the change in a per-
formance characteristic corresponding to unit
change of the operating condition, from reference
operating condition to another specified operating
condition.

Example: Voltage influence on accuracy may be
expressed as:

'Eg%if—ﬁl(% = 0.2% of span per volt
Note: If the relation between operating influence
and change in operating condition is linear, one
coefficient will suffice. If it is non-linear, it may be
desirable to state more than one coefficient such as
0.05% per volt from 120 to 125 V, and 0.15% from
125t0130 V.

operative limits

The range of operating conditions to which a device
may be subjected without permanent impairment
of operating characteristics. See Figure 13.

Note 1: In general, performance characteristics
will not be stated in the region between the
limits of normal operating conditions and operative
limits.

Note 2: Upon returning within the limits of nor-

mal operating conditions, adevice may require ad-
justments to testore normal performance.

REF. ANSI C39.4 (design limits)



PROCESS MEASUREMENT & CONTROL TERMINOLOGY

optimizing control action
See control action, optimizing.

output impedance
See impedance, output.

output signal
See signal, output.

overrange
Of a system or element, any excess value of the
input signal above its upper range-value or below
its lower range-value.

P controller
See controller, proportional.

PD controller
See controller, proportional plus derivative.

PI controlier
See controller, proportional plus integral.

PID controller
See controller, proportional plus integral plus
derivative.

parameter
A controllable or variable characteristic of a system
or device, temporatily regarded as a constant, the
respective values of which serve to distinguish the
various specific states of a (the) system or device.

REF. ANSI C85.1

pen travel
The length of the path described by the pen in
moving from one end of the chart scale to the
other. The pathmay be an arc or a straight line.

ANSI C39.4

period, sampling
See sampling period.

phase difference
1. Between sinusoidal input and output of the same
frequency, phase angle of the output minus phase
angle of the input.

2. Of two periodic phenomena (e.g., in nonlinear
systems) the difference between the phase angles
of their two fundamental waveforms.

Note: Regarded as part of the transfer function
which relates output to input at a specified fre-
quency. Measurement of phase difference in the
complex case is sometimes made in terms of the
angular interval between respective crossings of a
mean difference line, but values so measured will
generally differ from those made in terms of the
fundamental waveforms.

REF. ANSI C85.1

pneumatic exhaust capacity
The maximum rate at which a device can exhaust
air from a load at a 1 psi drop in pressure, at a
specified pressure level.

Note 1: It is usually expressed in standard cubic
feet per minute, (SCFM).

Note 2: The pressure drop is to be measured
across the device only.

pneumatic supply capacity
The maximum rate at which a device can supply
air to a load at a 1 psi drop in pressure, at a spec-
ified pressure level.

Note 1: It is usually expressed in standard cubic
feet per minute, (SCFM).

Note 2: The pressure drop is to be measured across
the device only.

point drift
See drift, point.

position
Of a multi-position controller,a discrete value of
the output signal. See Figure 9.

power consumption
The maximum wattage used by a device within its
operating range during steady-state signal condition.

Note 1: For a power factor other than unity, power
consumption shall be stated as maximum volt-
amperes used under above stated conditions.

Note 2: For a device operating outside of its
operating range, the maximum power might exceed
that which is experienced within the operating
range.

pressure, ambient
The pressure of the medium surrounding a device.

pressure, process
The pressure of the process medium at the sensing
element.

pressure, supply
The pressure at the supply port of the device.

primary element
The system element that quantitatively converts
measured variable energy into a form suitable for
measurement.

Note: For transmitters not used with external

primary elements, the sensing portion is the primary
element.

REF. ANSI C39.4 (detecting means)



process
The collective functions performed in and by the
equipment in which the variable(s) is (are) to be
controlled.

Note: Equipment as embodied in this definition
should be understood not to include any automatic
control equipment. The process may also be re-
ferred to as the controlled system.

REF. ANSI C85.1

process pressure
See pressure, process.

process temperature
See temperature, process.

proportional band
The change in input required to produce a full
range change in output, due to proportionalcontrol
action,

Note 1: It is reciprocally related to proportional
gain,

Note 2: It may be stated in input units or as a per-
cent of the input span (usually the indicated or
recorded input span).

The preferred term is proportional gain.
See gain, proportional.

proportional control action
See control action, proportional.

proportional controller
See controller, proportional.

proportional gain
See gain, proportional.

proportional plus derivative control action
See control action, proportional plus derivative.

proportional plus derivative controller
See controller, proportional plus derivative.

proportional plus integral control action
See control action, proportional plus integral.

proportional plus integral controller
See controller, proportional plus integral.

proportional plus integral plus derivative control action
See control action, proportional plus intégral plus
derivative.

proportional plus integral plus derivative controller
See controller, proportional plus integral plus
derivative.

proportional plus rate control action
See control action, proportional plus derivative.

PROCESS MEASUREMENT & CONTROL TERMINOLOGY

proportional plus rate controller
See controller, proportional plus derivative.

proportional plus reset control action
See control action, proportional plus integral.

proportional plus reset controller
See controller, proportional plus integral.

proportional plus reset plus rate control action
See control action, proportional plus integral plus
derivative.

proportional plus reset plus rate controller
See controller, proportional plus integral plus
derivative.

proportional speed floating controller
See controller, integral.

ramp response
See response, ramp.

ramp response time
See time, ramp response.

range
The region between the limits within which a
quantity is measured, received, or transmitted,
expressed by stating the lower and upper range-
values.

Note 1: For example:

a. O0to 150 F
b. -20 to +200 F
c. 20to 150 F

Note 2: Unless otherwise modified, input range is
implied.

Note 3: The following compound terms are used
with suitable modifications in the units: measured
variable range, measured signal range, Indicating-
Scale Range, Chart Scale Range, etc. See Tables 1
and 2 on Page 35.

Note 4: For multi-range devices, this definition
applies to the particular range that the device is set
to measure.

REF. ANSI C42.30 (total range of an instrument)

range, elevated-zero
A range where the zero value of the measured
variable, measured signal, etc., is greater than the
lower range-value. See Table 1 on Page 35,
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Note 1: The zero may be between the lower and
upper range-values, at the upper range-value, or
above the upper range-value.

Note 2: Terms suppression, suppressed range or
suppressed span are frequently used to express the
condition in which the zero of the measured
variable is greater than the lower range-value. The
term range, elevated-zero is preferred.

range, suppressed-zero
A range where the zero value of the measured vari-
able is less than the lower range-value. Zero does
not appear on the scale. See Table 1 on Page 35.

Note 1: For example:
20 to 100

Note 2: Terms elevation, elevated range, or elevated
span are frequently used to express the condition
in which the zero of the measured variable is less
than the lower range-value. The term range, sup-
pressed-zero is preferred.

REF. ANSI C39.4

range-limit, lower
The lowest quantity that a device can be adjusted
to measure.

Note: The following compound terms are used
with suitable modifications to the units: measured
variable lower range-limit, measured signal lower
range-limit, etc. See Tables 1 and 2 on Page 35.

range-limit, upper
The highest quantity that a device can be adjusted
to measure.

Note: The following compound terms are used
with suitable modifications in the units: measured
variable upper range-limit, measured signal upper
range-limit, etc. See Tables 1 and 2 on Page 35.

range-value, lower
The lowest quantity that a device is adjusted to
measure.

Note 1: The following compound terms are used
with suitable modifications in the units: measured
variable lower range-value, measured signal lower
range-value, etc. See Tables 1 and 2 on Page 35.

Note 2: For multi-range devices, this definition
applies to the particular range that the device is set
to measure.

range-value, upper
The highest quantity that a device is adjusted to
measure.

Note 1: The following compound terms are used
with suitable modifications in the units: measured
variable upper range-value, measured signal upper
range-value, etc. See Tables 1 and 2 on Page 35,

Note 2: For multi-range devices, this definition
applies to the particular range that the device is set
to measure.

rate
See control action, derivative.

rate gain
See gain, derivative action.

ratio controller
See controller, ratio.

recording instrument
See instrument, recording.

reference accuracy
See accuracy, reference.

reference operating conditions
See operating conditions, reference.

reference performance
Performance attained under reference operating
conditions.

Note: Performance includes such things asaccuracy,
dead band, repeatability, hysteresis, linearity, etc.

reference-input elements
See elements, reference-input.

reference-input signal
See signal, reference-input.

regulator

See controller, self-operated.

relative damping
See damping, relative.

repeatability
The closeness of agreement among a number of
consecutive measurements of the output for the
same value of the input under the same operating
conditions, approaching from the same direction,
for full range traverses. See Figure 14.

Note: It is usually measured as a non-repeatability

and expressed as repeatability in percent of span.
It does not include hysteresis.

See test procedure on Page 38.



reproducibility
The closeness of agreement among repeated meas-
urements of the output for the same value of input
made under the same operating conditions over a
period of time, approaching from both directions.

Note 1: It is usually measured as a non-reproduci-
bility and expressed as reproducibility in percent of
span for a specified time period. Normally, this im-
plies a long period of time, but under certain con-
ditions the period may be a short time during which
drift may not be included.

Note 2: Reproducibility includes hysteresis, drift
and repeatability.

Note 3: Between repeated measurements the input
may vary over the range and operating conditions
may vary within normal operating conditions.

See test procedure on Page 38.

reset control action
See control action, integral.

reset controller

See controller, integral.
reset rate

See integral action rate.

OUTPUT

MAXIMUM
REPEATABILITY

DOWNSCALE

CHARACTERISTICS —} REPEATABILITY

UPSCALE
CHARACTERISTICS

INPUT

Fe——— FULL RANGE TRAVERSE ——— =
o] 100%
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resolution
The degree to which equal values of a quantity can
be discriminated by the device.

resonance

Of a system or element, a condition evidenced by

large oscillatory amplitude, which results when a

small amplitude of a periodic input has a frequency

approaching one of the natural frequencies of the
driven system. :

ANSI C85.1

response, dynamic
The behavior of the output of a device as a function
of the input, both with respect to time.

REF. ANSI C39.4
response, ramp
The total (transient plus steady-state) time re-
sponse resulting from a sudden increase in the rate
of change in the input from zero to some finite
value.

ANSI C85.1 (response, ramp-forced)

response, step
The time response of an instrument when subjected
to an instantaneous change in input from one
steady-state value to another.

REF. ANSI C39.4

response, time
An output, expressed as a function of time, result-
ing from the application of a specified input under
specified operating conditions. See Figure 15.

ANSI C85.1
outeuT
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FIGURE 15 — TYPICAL TIME RESPONSE OF A
SYSTEM TO A STEP INCREASE OF INPUT
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return signal
See signal, return.

reverse acting controller
See controller, reverse acting.

rise time
é'. .
See time, rise.

sampling controller
See controller, sampling.

sampling period
The time interval between observationsin a periodic
sampling control system.

ANSI C85.1

self-operated controller
See controller, self-operated.

sensing element
See element, sensing.

sensing element elevation
The difference in elevation between the sensing
element and the instrument.

Note: The elevation is considered positive when
the sensing element is above the instrument.

sensitivity
The ratio of a change in output magnitude to the
change of input which causes it after the steady-
state has been reached.

Note 1: It is expressed as a ratio with the units of
measurement of the two quantities stated. (The
ratio is constant over the range of a linear device.
For a nonlinear device the applicable input level
must be stated.)

Note 2: Sensitivity has frequently been used to
denote the dead band. However, its usage in this
sense is deprecated since it is not in accord with
accepted standard definitions of the term.

REF. ANSI C85.1
set point
An input variable which sets the desired value of

the cont;olled variable. See Figure 8.

Note 1: The input variable may be manually set,
automatically set or programmed.

Note 2: It is expressed in the same units as the
controlled variable.

REF. ANSI C85.1 (command)

settling time
See time, settling.

shared time control action
See control action, shared time.

signal
Information about a variable that can be trans-
mitted.

REF. ANSI C85.1

signal, actuating error
The reference-input signal minus the feedback
signal. See Figure 8.

ANSI C85.1 (signal, actuating)

signal, error
In a closed loop, the signal resulting from sub-
tracting a particular return signal from its corre-
sponding input signal.

ANSI C85.1
See also signal, actuating error.

signal, feedback
That return signal which results from a measure-
ment of the directly controlled variable. See
Figure 8.

REF. ANSI C85.1

signal, input
A signal applied to a device, element or system.

REF. ANSI C85.1

signal, measured
The electrical, mechanical, pneumatic, or other
variable applied to the input of a device. It is the
analog of the measured variable produced by a
transducer (when such is used).

Note 1: In a thermocouple thermometer, the
measured signal is an emf which is the electrical.
analog of the temperature applied to the thermo-
couple.

Note 2: In a flow meter, the measured signal may
be a differential pressure which is the analog of the
rate of flow through the orifice.

Note 3: In an electric tachometer system, the
measured signal may be a voltage which is the
electrical analog of the speed of rotation of the
part coupled to the tachometer generator. See
Table 2 on Page 35.

REF. ANSI C39.4

See measured variable.



signal, output
A signal delivered by a device, element or system.

REF. ANSI C85.1

signal, reference-input
One external to a control loop which serves as the
standard.of comparison for the directly controlled
variable. See Figure 8.

ANSI C85.1

signal, return
In a closed loop, the signal resulting from a partic-
ular input signal, and transmitted by the loop and
to be subtracted from the input signal.

ANSI C85.1

signal amplitude sequencing (split ranging)
Action in which two or more signals are generated
or two or more final controlling elements are
actuated by an input signal, each one responding
consecutively, with or without overlap, to the
magnitude of that input signal. See Figure 16.

signal converter
See signal transducer.

signal to noise ratio
Ratio of signal amplitude to noise amplitude.

Note: For sinusoidal signals amplitude may be peak
or rms. For non-sinusoidal signals, peak values
should be used.

ouT

EQUENCING
DEVICE

p—-— QUTPUT

INPUT

SEQUENCING |
DEVICE

— OUTPUT

out

FIGURE 16 — SIGNAL AMPLITUDE SEQUENCING
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signal transducer (signal converter)
A transducer which converts one standardized
transmission signal to another,

single speed floating controller
See controller, single speed floating.

source impedance
See impedance, source.

span
The algebraic difference between the wupper and
lower range-values.

Note 1: For example:

a. Range 0to 150 F, Span 150 F
b. Range -20 to 200 F, Span 220 F
¢. Range 20to 150 F, Span 130 F

Note 2: The following compound terms are used
with suitable modifications in the units: measured
variable span, measured signal span, etc.

Note 3: For multi-range devices, this definition
applies to the particular range that the device is set
to measure. See Table 1 on Page 35.

REF. ANSI C42.30 (scale span)

span error
See error, span.

split ranging
See signal amplitude sequencing.

static gain
See gain, static.

steady-state
A characteristic of a condition, such as value, rate,
periodicity, or amplitude, exhibiting only negligible
change over an arbitrary long period of time.,

Note: It may describe a condition in which some
characteristics are static, others dynamic.

REF. ANSI C85.1
steady-state deviation
See deviation, steady-state.

step response
See response, step.

step response time
See time, step response.

summing point
Any point at which signals are added algebraically.
See Figure 8.

ANSI C85.1

supervisory control action
See control action, supervisory.
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supply pressure
See pressure, supply.

suppressed range
See range, elevated-zero.

suppressed span
See range, elevated-zero.

suppressed-zero range
See range, suppressed-zero.

suppression
See range, elevated-zero.

suppression ratio
(Of a suppressed-zero range) — the ratio of the
lower range-value to the span.

Note: For example:
Range 20 to 100

Suppression Ratio = % = 0.25

See Table 1 on Page 35.
REF. ANSI C39.4

switching point
A point in the input span of a multi-position con-
troller at which the output signal changes from one
position to another. See Figure 9.

system, directly controlled
The body, process, or machine directly guided or
restrained by the final controlling element to
achieve a prescribed value of the directly con-
trolled variable. See Figure 8.

ANSI C85.1

system, idealized
An imaginary system whose ultimately controlled
variable has a stipulated relationship to specified
setpoints.

Note: It is a basis for performance standards.
REF. ANSI C85.1

system, indirectly controlled
That portion of the controlled system in which the
indirectly controlled variable is changed in response
to changes in the controlled variable. See Figure 8.

ANSI C85.1

system deviation
See deviation, system.

temperature, ambient
The temperature of the medium surrounding a
device.

Note 1: For devices which do not generate heat
this temperature is the same as the temperature
of the medium at the point of device location
when the device is not present.

Note 2: For devices which do generate heat this
temperature is the temperature of the medium
surrounding the device when it is present and dissi-
pating heat.

Note 3: Allowable ambient temperature limits are
based on the assumption that the device in ques-
tion is not exposed to signiﬁcant radiant energy
sources.

temperature, process
The temperature of the process medium at the
sensing element.

terminal-based conformity
See conformity, terminal-based.

terminal-based linearity
See linearity, terminal-based.

thermal shock
An abrupt temperature change applied to a device.

three position controller
See controller, three position.

time, dead
The interval of time between initiation of an input
change or stimulus and the start of the resulting
response. See Figure 15.

ANSI C85.1 (dead time)

time, derivative action
In proportional plus derivative control action, for a
unit ramp signal input, the advance in time of the
output signal (after transients have subsided)
caused by derivative control action as compared to
the output signal due to proportional control action
only.

Note: Derivative action time is often expressed
in minutes. In Figure 5, it is the time represented

by

p|l 1-=
a

where:

D = derivative action time constant
a = derivative action gain

time, ramp response
The time interval by which an output lags an input,

when both are varying at a constant rate.

ANSI C85.1 (response time, ramp-forced)
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time,

time,

time,

rise

The time required for the output of a system (other
than first order) to make the change from a small
specified percentage {often 5 or 10) of the steady-
state increment to a large specified percentage
(often 90 to 95), either before or in the absence
of overshioot. See Figure 15.

Note: If the term is unqualified, response to a unit
step stimulus is understood, otherwise the pattern
and magnitude of the stimulus should be specified.

ANSI C85.1

settling

The time required, following the initiation of a
specified stimulus to a system, for the output to
enter and remain within a specified narrow band
centered on its steady-state value. See Figure 15.

Note: The stimulus may be a step impulse, ramp,
parabola, or sinusoid. For a step or impulse, the
band is often specified as + 2%. For nonlinear
behavior both magnitude and pattern of the
stimulus should be specified.

REF. ANSI C85.1

step response

Of a system or an element, the time required for an
output to make the change from an initial value to
a large specified percentage of the final steady-state
value either before or in the absence of overshoot,
as a result of a step change to the input. See
Figure 15.

Note: Usually stated for 90, 95 or 99 percent
change. See “time constant” for use of 63.2%
value.

REF. ANSI C85.1 (time, response)

time constant

The value T in an exponential response term A
exp (-t/T) or in one of the transform factors
1+5sT,1+joT, 1/(1 +5T), 1/(1 +j T).

where:
= complex variable

«
[

t = time, seconds

T = time constant
i=vT

w = frequency, rad/sec

Note: For the output of a first-order (lag or lead)
system forced by a step or an impulse, T is the
time required to complete 63.2 percent of the total
rise or decay; at any instant during the process,
T is the quotient of the instantaneous rate of
change divided into the change to be completed.
In higher order systems, there is a time constant
for each of the first-order components of the
process. In a Bode didgram, breakpoints occur at
w =1/T.

ANSI C85.1
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time constant, derivative action
Of proportional plus derivative control action, a
parameter whose value is equal to 1/27fj where fq
is the frequency {cycles per unit time) on a Bode
diagram of the lowest frequency gain corner re-
sulting from derivative control action. See
Figures 5 and 7.

ANSI C85.1

time constant, integral action
1. Of proportional plus integral control action, a
parameter whose value is equal to 1/27f; where f;
is the frequency (cycles per unit time) on a Bode
diagram of the highest frequency gain corner result-
ing from integral control action.

2. It is the reciprocal of integral action rate.
The use of integral action rate is preferred.

REF. ANSI C85.1
See integral action rate.

time proportioning controller
See controller, time proportioning.

time response
See response, time.

time schedule controller
See controller, time schedule.

transducer
An element or device which receives information
in the form of one physical quantity and converts
it to information in the form of the same or other
physical quantity.

Note: This is a general definition and applies to
specific classes of devices such as primary element,
signal transducer, and transmitter.

REF. ANSI C85.1

See primary element, signal transducer and trans-
mitter.

transfer function
A mathematical, graphical, or tabular statement,
of the influence which a system or element has on
a signal or action compared at input and at output
terminals.

ANSI C85.1 (function, transfer)

transient overshoot
An excursion beyond the final steady-state value
of output as the result of an input change. See
Figure 15.
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Note: It is usually referred to as the first excur-
sion; expressed as a percentage of the steady-state
output step.

transmitter
A transducer which responds to a measured variable
by means of a sensing element, and converts it to a
standardized transmission signal which is a function
only of the measurement.

transportation and storage conditions
The conditions to which a device may be subjected
between the time of construction and the time of
installation. Also included are the conditions that
may exist during shutdown. See Figure 13.

Note: No permanent physical damage or impair-
ment of operating characteristics shall take place
under these conditions, but minor adjustments may
be needed to restore performance to normal.

transverse interference
See interference, normal mode.

two position controller
See controller, two position.

undamped frequency
See frequency, undamped.

upper range-limit
See range-limit, upper.

upper range-value
See range-value, upper.

value, desired
The value of the controlled variable wanted or
chosen.

Note: The desired value equals the ideal value in
an idealized system.

value, ideal
The value of the indication, output or ultimately
controlled variable of an idealized device or system.

Note: It is assumed that an ideal value always

exists even though it may be impossible to achieve.

REF. ANSI C85.1

variable, directly controlled
In a controlloop, that variable whose value is sensed
to originate a feedback signal. See Figure 8.

ANSI C85.1

variable, indirectly controlled
A variable which does not originate a feedback
signal, but which is related to, and influenced by,
the directly controlled variable. See Figure 8.

ANSI C85.1

variable, manipulated
A quantity or condition which is varied as a func-
tion of the actuating error signal so as to change
the value of the directly controlled variable. See
Figure 8.

Note: In any practical control system, there may
be more than one manipulated variable. Accord-
ingly, when using the term, it is necessary to state
which manipulated variable is being discussed. In
process control work, the oneimmediately preceding
the directly controlled system is usually intended.

ANSI C85.1

velocity limit
See limit, velocity.

velocity limiting control action
See control action, velocity limiting.

warm-up period
The time required after energizing a device before
its rated performance characteristics apply.

zero elevation
For an elevated-zero range, the amount the mea-
sured variable zero is above the lower range-value.
It may be expressed either in units of the measured
variable or in percent of span.

Zero error
See error, zero.

zero shift
Any parallel shift of the input-output curve.

zero suppression
For a suppressed-zero range, the amount the mea-
sured variable zero is below the lower range-value.
It may be expressed either in units of the measured
variable or in percent of span.

zero-based conformity
See conformity, zero-based.

zero-based linearity
See linearity, zero-based.

zone
On a multi-position controller, the range of input
values between selected switching points or any
switching point and range-limit. See Figure 9a.

zone, dead
A zone in which no value of the output exists.

zone, intermediate
Any zone not bounded by a range-limit.

zone, live
A zone in which a value of the output exists.

zone, neutral
A zone in which the previously existing output
value is not changed.
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TABLE 1
ILLUSTRATIONS OF THE USE OF RANGE AND SPAN TERMINOLOGY

SUPPLE-
LOWER UPPER MENTARY
TYPICAL RANGES NAME RANGE RANGE-VALUE| RANGEVALUE| SPAN DATA
0 ¢ +1ool - 0to 100 0 + 100 100 -
L
SUPPRESSED SUPPRESSION
20 +100 ZERO RATIO
| | AANGE 20 t0 100 20 +100 80 - 25
ELEVATED
—25 0 +100
U I ZERO —25to+ 100 _25 +100 125 -
RANGE
ELEVATED
—100 0 ZERO ~100t0 0 —~100 0 100 -
| ] RANGE
ELEVATED
—100 20 ZERO —100 to -20 —100 —20 80 -
| | RANGE
TABLE 2
ILLUSTRATIONS OF THE USE OF THE TERMS “MEASURED VARIABLE” AND “MEASURED SIGNAL"”
LOWER UPPER
TYPICAL RANGES TYPE OF RANGE RANGE RANGE-VALUE | RANGE-VALUE SPAN
{1} THERMOCOUPLE
o 02000F| MEASURED 0 to 2000F OF 2000F 2000F
| TYPEK T/C | VARIABLE
—0.68 +44.91MV MEASURED |-0.6810+44.91MV —-0.68MV +44.91MV 45.58MV
SIGNAL
0 20| SCALE aND/OR 0 to 2000F OF 2000F 2000F
| x100F ] CHART
(2) FLOW METER
0 10,000 LB/HR MEASURED |0to 10,000 LB/HR 0 LB/HR 10,000 LB/HR 10,000 LB/HR
J VARIABLE |
0 50"Hg MEASURED 0 to 50" Hg 0" Hg 50" Hg 50" Hg
| N SIGNAL
0 10 | SCALE AND/OR [0+to 10,000 LB/HR 0 LB/HR 10,000 LB/HR 10,000 LB/HR
| x1000 LB/Hﬂ CHART
(3) TACHOMETER
o 500 RPM MEASURED 0 to 500 RPM 0 RPM 500 RPM 500 RPM
L } VARIABLE
0 6V MEASURED 0to 6V oV 6V Y,
| | SIGNAL
0 80MPH | SCALE AND/OR 0 to 80 MPH 0 MPH 80 MPH 80 MPH
l CHART
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4. TEST PROCEDURES

4.1 Scope and Purpose. The purpose of the test pro-
cedures, as described herein, is to illustrate and clarify
terms related to reference accuracy. It is intended that
the procedures indicate a generalized method of test.

The test procedures that follow are for the fol-
lowing terms:

Page
accuracy, reference 36
dead band 36
drift, deviation cycle 37
drift, point 37
hysteresis 37
hysteretic error 37
linearity, independent 37
linearity, terminal-based 38
linearity, zero-based 38
repeatability 38
reproducibility 38

4.2 Introduction. Tests described are for determina-
tion of static performance characteristics, not dynamic
characteristics. When relating performance characteristics
such as values of accuracy to values of other terms such
as linearity, hysteresis and repeatability, equivalent units
must be used.

The performance rating of the reference measuring
means that relates to the characteristic being tested
shall preferably be no greater than one tenth the tolerance
allowed on the test device, but in any case not greater
than one third the allowed tolerance.

Example: Hysteresis

Test device
Allowed hysteresis
Measuring device,
Preferred hysteresis = 0.03%
Measuring device,

Allowed hysteresis

0.3%

i

I

0.1%

When the performance rating of the reference
measuring means is one tenth or less than that of the
device under test, the performance rating of the reference
measuring means may be ignored. When the performance
rating of the reference measuring means is one third or
less but greater than one tenth that of the device under
test, the performance rating of the reference measuring
means shall be taken into account.

The device under test and the associated test equip-
ment shall be allowed to stabilize under steady-state
operating conditions. All testing shall be done under
these conditions. Those operating conditions which
would influence the test shall be observed and recorded.
Where the performance characteristic being determined
requires reference operating conditions, as for example
“reference accuracy,” the conditions of test shall be
maintained at reference operating conditions.

The number of test points to determine the desired
performance characteristic of a device should be distri-
buted over the range. They should include points at or
near (within 10%) the lower and upper range-values.
There should not be less than five points and preferably
more. The number and location of these test points
should be consistent with the degree of exactness desired
and the characteristic being evaluated.

Prior to recording observations the device under
test shall be exercised by a number of full range traverses
in each direction.

At each point being observed the input shall be
held steady until the device under test becomes stabilized
at its apparent final value.

Tapping or vibrating the instrument under test is
not allowed unless the performance characteristic under
study requires such action.

4.3 Test Cycle. Maintain test conditions and precondi-
tion the test device as indicated in the Introduction. Ob-
serve and record output values for each desired input
value for one full range traverse in each direction starting
near mid-range value. The final input must be approached
from the same direction as the initial input. Apply the
input in such a way as to not overshoot each input value.

4.4 Deviation Plot. Determine the difference between
each observed output value and its corresponding true
output value. This difference is the deviation and may
be expressed as a percent of true output span. The
deviation is plotted versus input or true output. Figure
17 illustrates percent deviation plotted versus percent
input. A positive deviation denotes that the observed
output value is greater than the true output value.

4.5 Test Procedures.

accuracy, reference

Reference accuracy may be determined from the
deviation values (Table 3) of a number of test
cycles. It is the greatest positive or negative devia-
tion of any recorded value (from either an upscale
or downscale output traverse) from the reference
or zero deviation line. Reference accuracy may be
expressed as a plus or minus percent of true output
span.

Example: The reference accuracy is + 0.32% of
output span.

dead band
Maintain test conditions and precondition the test
device as indicated in the Introduction and proceed
as follows:

1. Slowly vary (increase or decrease) the input to
the device being tested until a detectable output
change is observed.

2. Observe the input value,
(Cont’d)



drift,

3. Slowly vary the input in the opposite direction
(decrease or increase) until a detectable output
change is observed.

4, Observe the input value.

The increment through which the input signal is
varied (difference between steps 2 and 4) is the
dead band. It is determined from a number of
cycles (steps 1 thru 4). The maximum value is re-
ported. The dead band should be determined at a
number of points to make certain that the maxi-
mum dead band has been observed.

Dead band may be expressed as a percent of input
span.

Example: The dead band is 0.10% of input span.

deviation cycle

In many instances it is impractical to maintain con-
stant input and test conditions as specified in the
test procedure for point drift. In addition there is
often a need to consider drift at several values of
input. In these cases drift may be determined by
comparing several test cycle deviation plots recorded
at specified times.

The test for determining deviation cycle drift and
the test for determining reproducibility may be
combined into one test because of their similarity.

1. Perform a number of test cycles as described in
section 4.3.

2. Prepare an average deviation plot based on the
average of deviation values determined for each in-
put observed. Upscale and downscale average devi-
ations are to be determined separately. The devia-
tion values are determined for the number of test
cycles performed for step 1 above. See section 4.4.

3. Maintain the test device in its regular operating
condition:  energized and with an input signal

applied.

4. At the end of the specified time period repeat
steps 1 and 2.

The test operating conditions may vary over the
time interval between measurements providing they
stay within the normal operating conditions of the
test device. Tests under step 4 above must be per-
formed under the same operating conditions that
existed for the initial tests.

Deviation cycle drift is the maximum difference
between average deviation plots for a given input.
The maximum value of all points observed is re-
ported in the result. It is expressed in percent of
true output span for a specified time period.

Example: The deviation cycle drift is 0.1% of
output span for a 30 day test.
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drift, point

Maintain test conditions and precondition the test
device as indicated in the Introduction and proceed
as follows:

1. Adjust the input to the desired value without
overshoot and record the output value.

Note: The test device should be permitted to warm
up (if required) before recording the initial output
value.

2. Maintain a fixed input signal and fixed operating
conditions for the duration of the test.

3. At the end of the specified time interval ob-
serve and record the output value.

In evaluating the results of this test it is presumed
that dead band is either negligible or of such a
nature that it will not affect the value of drift.

Point drift is the maximum change in recorded out-
put value observed during the test period. It is
expressed in percent of true output span for a
specified time period.

Example: The point drift is 0.1% of output span
for a 24 hour test.

hysteresis

Hysteresis may be determined directly from the
deviation values (Table 3) of a number of test
cycles. It includes hysteretic error plus dead band.
It is the maximum difference between correspond-
ing upscale and downscale outputs for any single
test cycle. The maximum value observed from a
number of test cycles is reported. The difference
may be expressed as a percent of true output span.

Example: The hysteresis is 0.22% of output span.

hysteretic error

Hysteretic error results from the inelastic quality
of an element or device. It is determined by sub-
tracting the value of dead band from the corres-
ponding value of hysteresis for a given input. The
maximum difference is reported.

The difference may be expressed as a percent of
true output span.

Example: The hysteretic error is 0.12% of output
span.

linearity, independent

Independent linearity may be determined directly
from the deviation plot (Figure 17) using the fol-
lowing procedure:

1. Plot a deviation curve which is the average of
corresponding upscale and downscale output read-
ings.
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2. Draw a straight line through the average devia-
tion curve in such a way as to minimize the maxi-
mum deviation. It is not necessary that the straight
line be horizontal or pass through the end points of
the average deviation curve.

Independent linearity is the maximum deviation be-
tweén the average deviation curve and the straight
line. Itis determined from the deviation plots of a
number of test cycles. It is measured in terms of
independent nonlinearity as a plus or minus per-
cent of true output span.

Example: The independent linearity is + 0.18% of
output span.

Note: The average deviation curve is based on the
average of corresponding upscale and downscale
readings. This permits observation of linearity
(independent, terminal or zero-based) independent
of dead band or hysteretic error. This concept
assumes that if no hysteretic error or dead band
were present the deviation curve would be a single
line midway between upscale and downscale curves.

linearity, terminal-based

Terminal-based linearity may be determined direct-
ly from the deviation plot (Figure 17) using the
following procedure:

1. Plot a deviation curve which is the average of
corresponding upscale and downscale output read-
ings.

2. Draw a straight line such that it coincides with
the average deviation curve at the upper range-value
and the lower range-value.

Terminal-based linearity is the maximum deviation
between the average deviation curve and the straight
line. It is determined from the deviation plots of a
number of test cycles. It is measured in terms of
terminal-based nonlinearity as a plus or minus
percent of true output span.

Example: The terminal-based linearity is -0.28% of
output span.

Note: The average deviation curve is based on the
average of corresponding upscale and downscale
readings. This permits observation of linearity (in-
dependent, terminal or zero-based) independent of
dead band or hysteretic error. This concept assumes
that if no hysteretic error or dead band were present,
the deviation curve would be a single line midway
between upscale and downscale readings.

linearity, zero-based

Zero-based linearity may be determined directly
from the deviation plot (Figure 17) using the fol-
lowing procedure:

1. Plot a deviation curve which is the average of
corresponding upscale and downscale output read-
ings.

2. Draw a straight line such that it coincides with
the average deviation curve at the lower range-
value (zero) and minimizes the maximum deviation.

Zero-based linearity is the maximum deviation be-
tween the average deviation curve and the straight
line. It is determined from the deviation plots of a
number of test cycles. It is measured in terms of
zero-based nonlinearity as a plus or minus percent
of true output span.

Example: The zero-based linearity is + 0.21% of
output span.

Note: The average deviation curve is based on the
average of corresponding upscale and downscale
readings. This permits observation of linearity,
(independent, terminal, or zero-based) independent
of dead band or hysteretic error. This concept
assumes that if no hysteretic error or dead band
were present, the deviation curve would be a single
line midway between upscale and downscale read-
ings.

repeatability

Repeatability may be determined directly from the
deviation values (Table 3) of a number of test
cycles. It is the closeness of agreement among a
number of consecutive measurements of the out-
put for the same value of input approached from
the same direction. Fixed operating conditions
must be maintained.

Observe the maximum difference in percent devia-
tion for all values of true output considering upscale
and downscale curves separately. The maximum
value from either upscale or downscale curve is
reported.

Repeatability is the maximum difference in per-
cent deviation observed above and is expressed as a
percent of output span. '

Example: The repeatability is 0.05% of output
span.

reproducibility

The test for determining reproducibility and the
test for determining deviation cycle drift may be
combined into one test because of their similarity.

1. Perform a number of test cycles as described in
section 4.3, page 36.

2. Prepare a deviation plot based on the maximum
difference between all upscale and downscale read-



ings for each input observed. The deviation values
are determined from the number of test cycles per-
formed for step 1 above. See section 4.4, Page 36.

3. Maintain the test device in its regular operating
condition, energized and with an input signal

applied.

4. At the end of the specified time repeat steps
1 and 2.

The test operating conditions may vary over the
time interval between measurements providing they
stay within the normal operating conditions of the
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test device. Tests under step 4 above must be per-
formed under the same operating conditions that
existed for the initial tests.

Reproducibility is the maximum difference between
recorded output values (both upscale and down-
scale) for a given input value. Considering all input
values observed, the maximum difference is re-
ported. The difference is expressed as a percent of
output span per specified time interval.

Example: The reproducibility is 0.2% of output
span for a 30 day test.
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deviation cycle drift — See drift, deviation cycle 17
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differential mode interference — See

interference, normal mode ......ccccevvunneee reerrreerenns 22
direct acting contoller — See controller,

direct acting .....ccceeevmierinnnnns SRR, resersnnnnns 12
direct digital control action — See control
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directly controlled system — See system,
directly controlled ......cceivriviiiiremenicniirineenee. 32
directly controlled vanable - See vanable,
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dynamic gain — See gain, dynamic ...... reereesinnenenns 19
dynamic response — See response, dynamic 29
electrical interference — See interference,

electrical .....oceeeees versreranrenes reereresesesesasnenerrnnnanss 22
electrostatic field interference — See

interference, electrostatic field ...... rerrrnnrererenees 22
element .....eeeeeieeevrennnee. eeeeveseneens 17

element, final controlling ....... rerrereseenenneren reerreeans . 18
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element, SeNSING ..covviiineevensniennerieee e
elements, feedback ....cvveercireeeinrrnrieeniiereneeniseoisenins
elements, forward controlling ..
elements, reference4input ....cocoveeeenrennees .
elevated range — See range, suppressed-zero..........
elevated span — See range, suppressed-zero...........
elevated-zero range — See range, elevated-zero ...
elevation — See range, suppressed-zero ................
EITOT weevrviresineressersssessaessnssesarasssnsessrassassesannsesassennasse
error, span
error, zero
error signal — See signal, error
feedback control action — See control action,

feedback .ovvivieeiiseieneirrrerirec e rree s e eeneeseennen
feedback elements — See elements, feedback........
feedback loop — See loop, closed .....ceveimrcnnnene
feedback signal — See signal, feedback
feedforward control action — See control

action, feedforward .......coceeeverrererciineeececrsnnenens
final controlling element — See element, final

CONtrolling wovevirivveiieiinirinnen e

.............

floating controller — See controller, floating.........
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forward controlling .....ceccevevemreeivnierernseniicinnns
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frequency response characteristic ...c.oceevereireennene
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high limiting control action — See control
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hysteresis ....... OO
hySteretic eITor ...ocvierrcenverivnsniieenesensecnseseenns
1 controller — See controller, integral ..................
ideal value — See value, ideal ...ccocverevevieeeeerecnennes
idealized system — See system, idealized .............
impedance, INPUt .....ccoiverriiennieeece e

impedance, load .............
impedance, output
impedance, source
independent conformity — See conformity,
independent .....cviiiiimninnninnin e,
independent linearity — See linearity,
independent .....cccovieiiniininniincn e
indicating instrument — See instrument,
INdicating ....coverencrismisinisisnnirennn e cannes
indicator travel
indirectly controlled system — See system,
indirectly controlled ......ccocvvivriurvirevsninciinnnns
indirectly controlled variable — See variable,
indirectly controlled ......ocoevrnmnriiiirrsieccncacanes
input impedance — See impedance, input ............
input signal — See signal, input ......cccvrvivrrrennnne,
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instrument, MEASUTING ...cuvceiunirienisiuernsreeinessennes 21
instrument, recording ......coceemnernteininressnenniinninnen, 21
integral action limiter ..... e 21
integral action rate (reset rate) ............................. 21
integral action time constant — See time

constant, integral action ..., 33
integral control action — See control action,

integral ... 8
integral controller — See controller, integral ......... 14
interference, common mode ......vceveereinreeriersiinen. 21
interference, differential mode — See

interference, normal mode .....ccovcevverererrecnenenenen. 22
interference, electrical .....cccccovvevviiiecerivnennennnn. cerer 22
interference, electrostatic field .....cccceveerivneneiinnn. 22
interference, longitudinal — See interference,

commON MOAE ...cecvvureeiieiiierereesrrnresssnenerssens e 21
interference, magnetic field .....coiievercciienininnnnan, 22
interference, normal mode .......coccvevcerrerrerrecnenerenee 22
interference, transverse — See interference,

normal Mode ....ccceoiivviiiiinieiirerccrrreesreeeeeen 22
intermediate zone — See zone, intermediate ......... 34
Laplace transform-unilateral ......ccccoovinmrinnvnnrnnnans 22
limit, velocity ...cooivviveeniiriiicicien e 22
LNEarity ...oovevvvemvrmnrininiesimiisnnnssessneesnnessesns 22
linearity, independent ........coouveevcnreriniisniniinininins 22
linearity, terminal-based ........c.cocviiinrnnnnninnnnnn. 22
linearity, zero-based .......c.covviiimninininniniiiiiinn, 22
live zone — See zone, live ..ccceeviereririrememneeneneeeneens 34
load impedance — See impedance, load ............... 21
load regulation .....ceerriiiieisnniicnnne s 23
longitudinal interference — See interference,

COMMON MOAE ..oeeevvrreerrereerinrrereesiereeerecssnnernens 21
loop, closed (feedback loop) .... 23
100D, OPEN wcveviitiieiciirciesr et 23
loop gain — See gain, 1o0p ...vvevercririniiiiniiisenenne 19
loop gain characteristic 24
loop transfer function 24
low limiting control action — See control

action, low imiting .....ccoeveerviviinecrnininniinncnne 8
lower range-limit — See range-limit, lower ........... 28
lower range-value — See range-value, lower .......... 28
magnetic field interference — See interference,

magnetic field ... 22
magnitude ratio — See gain

(magnitude 1atio) ....ccccveevriirinninecsereceens 19
manipulated variable — See variable,

manipulated ..ot 34
measured signal — See signal, measured ............... 30
measured variable ......ccocveeriiiiiiiiiiiinienree e 24
measuring instrument — See instrument,

IMNEASULINE wevvrererirerirrcrerraneestassssesssnsssserensaessesssness 21
mechanical shock .....ivvveiiieiiiiiecccrrcereenes 24
MOdUIation ...cecieceiiiiiieiiieecrecnnneerere e creraenenes 24
mounting position ........ccvervenivrciiinrernatecnesennnnns 24

multi-element control system — See control
system, multi-element ....cocorvvrrvcrerininiiniinnnnnne 12
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multiple-speed floating controller — See
controller, multiple-speed floating ........ccovivnnuee
multi-position controller — See controller,
Multi-poSItioN ...coveererrieeitiviniennnnininnesnnnne,
multi-variable tontrol system — See control
system, multi-element .....occcrvmvrinceiiieeiiiininnns
natural frequency — See frequency, undamped ....
neutral zone — See zone, neutral ......cceeeeerverrnne.
NOISE weevivrsisisistsstsistnsiesss st sinsibesssssessassssesissnanes
non-mteractmg control system — See control
system, non-mteractmg .....................................
normal mode interference — See interference,
normal Mode ..o
normal operating conditions — See operating
conditions, normal
OffSet oot
on-off controller — See controller, on-off ...
open loop — See loop, open
operating conditions .............
operating conditions, normal
operating conditions, reference .......ccoceuecerruireinns
operating influence ......ccovmvvernnnienirnennecievicsnnnns
operative limits .....coceercirmnncsvsinsincnnnenisnsneniens
optlmlzmg control action — See control action,
OPHIMIZING wvrerirerremsessncscreninssisssesessssesesesssssnes
output impedance — See impedance, output.........
output signal — See signal, output.......cecevrirrrurnne
OVEITANEE .vervrivemsacsssssnssersassssssmisssssssssssssssssssasssssonss
P controller — See contro]ler, proportional...........
PD controller — See controller,
proportional plus derivative ....ccovvirvvinveieinennnes
P1 controller — See controller, proportional
plus integral .....cccveecuisisnenens
PID controller — See controller, proportional
plus integral plus derivative .....ocoeerirrnincrcnnnne
parameter .......ccocecevnenes erssssstesnesistareseisssrinarsnsissiiaes
pen travel ....... e bbb s erees
period, sampling — See samphng period ......cccuuee.
phase difference ....ocvcervernevcivnreniininisescscscssessnnes
pneumatic exhaust capacity ......ccneiieins
pneumatic supply capacity ...oocceeniiiennns
point drife — See drift, point .
POSItION .ccvrrirrerierineissanissnes revrnens
power consumption ......
pressure, ambient
pressure, process .
pressure, supply ...
Primary element .....coeciviveescsmnsusucecienieraaneesescnas
PIOCESS wovesveeirisessrsnsnsacscesisesmssssesssssssssanessassssrenassas
process pressure — See pressure, Process .........ees..
process temperature — See temperatute, process...
proportional band ...
proportional control action — See coatrol
action, proportional .......ccoeeeeenierinininniineiniienns
proportional controller — See controller,
PrOPOrtional ......c.ceeeiieccrmiimsevcnnnsssnnesisnsenensas
proportional gain — See gain, proportional ...........
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proportional plus derivative control action —

See control action, proportional plus

derivatiVe ...covveiiniiiiiniit e e 8
proportional plus derivative controller — See

controller, proportional plus derivative ............ 14
proportional plus integral control action — See

control action, proportional plus integral.......... 11
proportional plus integral controller — See

controller, proportional plus integral................. 14

proportional plus integral plus derivative

control action — See control action,

proportional plus integral plus derivative........... 11
proportional plus integral. plus derivative

controller — See controller, proportional

plus integral plus derivative ......cccceccvriirerereeenne 14
proportional plus rate control action — See

control action, proportional plus

derivative ...cccevvreeeerenreeiiere et ceee e en 8
proportional plus rate controller — See

controller, proportional plus derivative ............ 14
proportional plus reset control action — See

control action, proportional plus integral.......... 11
proportional plus reset controller — Ses

controller, proportional plus integral................. 14

proportional plus reset plus rate control

action — See control action, proportional

plus integral plus derivative .....cccocererrirecenrecncee. 11
proportional plus reset plus rate controller —

See controller, proportional plus integral

plus derivative ......cccovmincuiicnniniinee e 14

proportional speed floating controller — See

* controller, integral ......ccccecevrerrrecrernrnns .. 14
ramp response — See response, ramp 29
ramp response time — See“time, ramp

TESPONSE uvverrvrenrerarnressnessenessrnsssnnsessane reseseesaneane 32
TANGE cevecrnreriereninnennes wer 27
range, elevated-zero .......... 27
range, suppressed-zero ... 28
range-limit, lower .......... 28
range-limit, upper ..... 28
range-value, lower ....ocorviinicvrnennennns eeeesisee st anes 28
range-value, UPPer ......cccveeiiveriseineisnesesssnsessisssnne 28
rate — See control action, derivative ..........cceu.en. 6
rate gain — See gain, derivative action .......euuen. 19
ratio controller — See controller, ratio .........co...... 14
recording instrument — See instrument,

TECOPAING «ecvverrerrisiesisisisiinscee e enese s aenes 21
reference accuracy — See accuracy, reference ....... 4
reference operating conditions — See operating

conditions, reference 25
reference performance 28
reference-mput elements — See elements,

reference-inPut ....ceceerecccevreccrreerrneeniniessesarsosennes 18
reference-input signal — See signal,

reference-input .......ccvervvenrercrerreressesanne 31
regulator — See controller, self-operated .... 14
relative damping — See damping, relative 16
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Page
repeatability ....ooovenieirinninieeecine 28
reproducibility ...eevieeeiiisriiesiiisciniees 29
reset control action — See control actlon,
integral ..o, 8
reset controller — See controller, 1ntegral ererenneee 14
reset rate — See integral action rate ....ccvvevseene. 21
resolution ......... reeertresteet e bt an s sb st sabeas . 29

TESONANCE cocevrrmmvrcersaesiossossaseens 29
response, dynamic 29
response, ramp 29
response, step .. cenes . 29
TESPONSE, tIME eervirrrararsriasrnseresseesnacensiersincssisosiaes 29

return SIgnal — See Sanal TEtUIN ..ccvvreercrsornnerannes 31
reverse actlng controller — See controller,

reverse aCting ....c.cuvmessersrssniesinresnssiescsennnecsns 14
rise time — See nme, TiS€ .eveerns . 33
sampling controller — See controller, samplmg 14
sampling period .....oevvvreererniiesnensinesseieeneennenien 30
self-operated control.ler - See controller,

self-operated ... trirrressssnnaessessassesernearissreeneens 14
sensmg element — See element sensmg e 18
sensing element elevation ............ cevveerararaeeraraneses . 30
F3 1115 1 1 OO cereernnnenns 30
set point .. crenrersnsrnsnessssssassserenesensnes 30
settling time — See time, setthng reversrreereeessanrannen 33
shared time control action — See control

action, shared time ................ reereisieaneserressaranes .11
signal ooeiiie eeeens teereeresesrnsenternersasnarnnns 30
signal, actuating error .......ccoeverrvrncereniesenressennas . 30
signal, error ......... veverrnrannres veeremereeerersrensiernsessnnanses 30
signal, feedback .......... reerinreerrranns verrverarenaeens vereeene 30
signal, input ......... veveeeerreriareeraaees verveereerarresareesas 30
signal, measured ...corveiiieireranne treeresereanerensasrsenarens 30
signal, oUtput .eceeceeiiriieeeee e, FUPOTRRC )
signal, reference-input ........... reeerereerrranees 31
signal, return ....... reverestaeresreeesarerenrresreeens 31
signal amplitude sequencmg (spht rangmg) 31
signal converter — See signal transducer................ 31
signal to noise ratio ....cocevereiririnnne .. 3
signal transducer (signal converter) ................ veene 31
single speed floating controller — See controller,

single speed floating ............. veeereneriens eorveesaeiene 14
source 1mpedance — See 1mpedance, Source ........ 21
span .. reveereetatrerertesennarereraranhrsstenesstssnsssrsirbsisrtan 31
span error — See error, span . 18
split ranging — See mgna.lP amphtude sequencmg 31
static gain — See gain, static .......... veeevene everens eeres 19
steady-state .....cereecvenrerierncn ereereeneneensesesnnesasnneseens . 31
steady-state deviation — See dewatlon,

steady-state ..... eeverrseeseenireannnrnsinenren rererenenreaaes .17
step response — S€e rESPONSE, SLEP wewveerirerrnenreconnne 29
step response time — See time, step response....... 33
SUMMING POINT .evvveerrrevicrrenersrensinerssnsenes reevrreasraries 31
supervisory control action — See control

aCtioN, SUPEIVISOLY irciiriieiirensenssestesncsnsoseanans 11
supply pressure — See pressure, supply .....ccoeeen. 26
suppressed range — See range, elevated-zero.......... 27
suppressed span — See range, elevated-zero........ . 27
suppressed-zero range — See range, suppressed-

ZETO tiveerrenrivenreterenssasnssariasessnssnnernsssssassassssesssonons 28
suppressnon - See range, elevated—zero cererreeeeaeaens 27
SUPPIESSION TAtIO .vvvvieisererrnnieerieniisennen TR . 32
switching point ... 32

system, directly controlled ......ccoeoivieemriirnnnnnn,
system, idealized .....cocovvrruvnirnennes
system, indirectly controlled
system deviation — See

deviation, system ....c...ccvrnreceniieennas
temperature, ambient .........ceeevveeesinrieriiesninieennes
tEMPEratlure, PrOCESS ...ovisseseesermesssisnsnssersessnsssrses
terminal base(l) conformity — See conformity,

terminal-based .........c.... reerererersaeraeenn
terminal-based lmearlty — See lmeanty,

terminal-based ....c.ovcevevvririeriniencrinrresenrenrereennne
thermal shock ......... ceverensesereerenanns eeeereeraesans
three position controller — See controller,

three position ....c.cevrccrevnrenne,
time, dead ...covevicrnnieiriereenenenees
time, derivative action .............eeeees
time, ramp response ......coeerersnse
time, rise ..... .
time, settling ........... .
time, step response .........
time constant ........cceeeermens revavees
time constant, derivative action ...
time, constant, integral action  .....cceciiiernnnceen.
time, pr ortioning controller — See

controﬁer, time proportlomng ............. vereeeees
time response — See response, nme ......... .
time schedule controller — See controller,

time schedule ....
transducer .............
transfer function .....
transient overshoot .
transmitter ........... wone
transportation and storage conditions ......eceeeeenens
transverse interference — See mterference,

vessesreccasensrsvanarans

esssesssessessrsrasresasrsininss

normal mode ............... rerrnrsreessnseranas cererecens .
two position controller — See controller,
two position ................. reeerereraeessrassrarsassassennes .

undamped frequency — See frequency,
undampe

upper range-limit — See range-lxmlt upper........
upper range-value — See range-value UpPer..c...ueee
value, desired ......ccoceeernnene
value, ideal ........... eeerreerenrreeeeerrreas
variable, directly controlled ......

varrable, indirectly controlled

variable, manipulated ......... reerreennes

velocity limit —See limit, velocity ....c.ccoevvvvviiinnne.
velocity limiting control action — See control
action, velocity limiting ...
warm-up period ........ reeveens
zero elevation ......... verereeeeens
zero error — See error, zero
zero shift ..............

ZEro-SUppression ... rerrerveesraerrebrassetsaaararnensas
zero-based conformity — See conformity,

zero-based ..eeiiiriineiiciieneeeereens teerererreennnnees
zero-based linearity — See linearity,

zero-based ............. erreeresane teerrereererrneraenannrans
ZOTIE cuvveeerverrvrersserssseersessasssseosssrossensssrnerssnsennoencesans
zone, dead ............ creennne
zone, intermediate ........cccveeerieerinreneeeniseneeecsonnnens .

zone, live .. eeerenes
zone, neutral ......cc.coveernee. reerererereene veeessereraeeearaens




