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GENERIC TEST METHODS FOR
THE TESTING AND EVALUATION OF
PROCESS MEASUREMENT AND CONTROL INSTRUMENTATION

FOREWORD

This Foreword is supplied for informational purposes only and is not part of
Generic Test Methods for the Testing and Evaluation of Process Measurement and Control Instrumentation.

Standards are adopted in the public interest and are designed to
eliminate misunderstandings between the manufacturer and the purchaser and to assist the purchaser in selec-
ting and obtaining without delay the proper product for his particular need. Existence ofa .

_ Standard does not in any respect preclude any member or non-member from manufac-
turing or selling products not conforming with the standard.

Instruments should be designed for realistic operating conditions. those they are likely to meet in service, and
they should be evaluated under the same conditions. Unfortunately. it is not practical to evaluate performance
under all possible combinations of operating conditions. A test procedure must be used which is practical under
laboratory conditions and. at the same time, will make available, with a reasonable amount of effort, sufficient
data on which a judgment of field performance can be made.

The method of evaluation envisioned is that of checking significant performance characteristics such as ac-
curacy rating. dead band. and hysteresis under a set of reference 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 condition, such as ambient temperature. atmospheric pressure,
relative humidity. line voltage. and frequency will be determined individually throughout a range defined as
normal operating conditions. These can logically be expected to be encountered above and below the values of
reference operating conditions during field operation.

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

The effect of changes in an individual operating condition, all other operating conditions being held within the
reference range, is defined as an 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 have
significant magnitude.

Tabulations of operating influences will usually denote the performance quality level of a given design. Com-
parisons of reference performance and operating influences for instruments of a given design, or for difference
designs, will show clearly their relative merits and probable performance under actual operating conditions.

Any part of this standard may be quoted. Credit lines should
read: “Extracted from Generic Test Methods for the Testing and Evaluation of Process
Measurement and Control Instrumentation, with the permission of the publisher, -

Printed in U.S.A.
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GENERIC TEST METHODS FOR THE TESTING AND EVALUATION OF
PROCESS CONTROL INSTRUMENTATION

1. SCOPE AND PURPOSE

1.1 Scope

This standard describes the conditions and procedures
for the testing under static and dynamic conditions of
process control instrumentation with analog input and
output signals. The subject is treated from the generic
point of view without regard to the particular type or
class of instrumentation. This standard is intended to
apply to instruments designed for use in either tield or
control room areas. Because of the generic nature of this
document, not all test procedures apply to all types of
devices.

1.2 Purpose

This standard provides a common basis for communica-
tion among manufacturers and users to permit instru-
ment performance to be verified using specific
procedures contained in this document; as such, it is im-
perative that the manufacturer’s specifications and in-
structions for installation and operation apply during all
testing.

The intent of this standard is not to suggest any specific
testing program, but only to specify the test methods to
be used when testing for parameters which are covered
by this standard.

2, SOURCES, DEFINITIONS AND
REFERENCES

Many technical sources, both national and international,
were utilized in the development of this document.

In instances where a test method has heen derived from
one particular source document, that source has been
referenced in parentheses beside the title of the section;
for example, (Ref. 6) denotes that the test method is
identical to that of the corresponding section of [EC
Publication 546, Methods of Evaluating the Performance
of Controllers with Analogue Signals for use in Industrial
Process Control.

In instances where test levels to be used in the absence of
a manufacturer’s specification have been derived from
one particular source document, that source has been
referenced in brackets beside the title of the section; for
example, |Ref. 6] denotes that the test levels to be used
in the absence of a manufacturer’s specification are iden-
tical to those of the corresponding section of IEC
Publication 546.

Those sections which do not contain a reference were
drawn up by consensus of current practice by the com-
mittee which developed this document.

Definitions for terms used in this standard can be found
in the current version of ISA Standard S51.1, Process In-
strumentation Terminology, published by the Instru-
ment Society of America, 67 Alexander Drive, Research
Triangle Park, N.C. 27709.

References

1. ISA Standard S51.1-1976. Process Instrumentation
Terminology, published by Instrument Society of
America, 67 Alexander Drive, Research Triangle
Park, N.C. 27709.

2. ANSI Standard MC4.1 - 1975, Dynamic Response
Testing of Process Control Instrumentation, available
from Instrument Society of America, 67 Alexander
Drive, Research Triangle Park, N.C.27709.

3. ANSI Standard C39.5 - 1974, Safety Requirements for
Electrical and Electronic Measuring and Controlling
Instrumentation, published by Scientific Apparatus
Makers Association, 1101 16th Street, N.W.,
Washington, DC 20036.

4, ANSI Standard C42.100 - 1972, Dictionary of
Electrical and Electronics Terms, published by
Wiley-Interscience, available from IEEE Standards
Office, 345 East 47th Street, New York City, NY
10017,

5. ISA Standard S7.3 - 1975, Quality Standards for In-
strument Air, published by Instrument Society of
America, 67 Alexander Drive, Research Triangle
Park, N.C. 27709. .

6. IEC Publication 546 - 1976, Methods of Evaluating
the Performance of Controllers with Analogue Signals
fkor Use in Industrial Process Control, available from

American National Standards Institute, Inc., 1430
Broadway, New York, NY 10018.

. IEC Publication 160 - 1963, Standard Atmospheric
Conditions for Test Purposes, available from
American National Standards Institute, Inc., 1430
Broadway, New York, NY 10018.
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3. BASIC TEST CONDITIONS*
3.1 Reference Operating Conditions
The reference operating conditions shall be as follows:

Ambient temperature  23°C +2 deg C
101.3kPa, +4.7 kPa, -15.3 kPa
(1013 mbar, +47 mbar, -153 mbar)

Ambient pressure

Relative humidity 50¢ £10%
Magnetic field < 50uT
Electromagnetic field < 100uV/m
Vibration <05 mfs

3.2 Supply Conditions

The reference supply conditions used shall be the
reference values specified by the manufacturer. For those
instances when a range of values is specified rather than
a reference value, the midpoint of the range shall be
taken to be the reference value. In addition, the following
supply conditions and tolerances shall apply:

a) FElectrical

Reference voltage ac supply:+1¢.

de supply:+0.14

“Special equipment may be required to maintain the
hasic test conditions within the limits specified.
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Reference frequency +0.1 Hz
Harmonic distortion of ac supply  <1%
Ripple of dc supply <0.1% rms

b) Pneumatic

Reference supply pressure  +1%%
Pneumatic supply

temperature ambient +2 deg C
Pneumatic supply dewpoint at least 10 deg C
humidity below circuit temperature

< (1) ppm vol/vol or wt/wt
100¢ filtration of particles
greater than 3 micrometres

Oil in supply air
Dust in supply air

3.3 Load Conditions
Unless otherwise stated, load conditions shall be as follows:

Voltage output devices min. rated resistance

Current output devices  max. rated resistance

20 cubic centimeters capacity
separated from the device by a
3m length of 4mm inside dia.
rigid-wall tubing

Pneumatic devices

3.4 General Precautions

There are a number of general precautions which should
be recognized and taken into account before and during
testing.

3.4.1 Test Conditions

Only that operating influence for which a specific test is
being conducted shall be varied. All other influences
shall be maintained at the reference operating con-
ditions.

3.4.2 Mounting Position

The mounting position of the device shall be in accord-
ance with the manufacturer’s specifications.

3.4.3 External Mechanical Constraints

No external mechanical constraints beyond the
manufacturer’s recommended mounting means shall be
permitted.

3.4.4 Accuracy Rating of Reference Measuring
Means

The accuracy rating of the reference measuring means
shall be superior to that of the device under test. If the
rating of the reference measuring means is one tenth or
less than that of the device under test, it may be ignored.
If the rating of the reference measuring means is one
third or less, but greater than one tenth of the device
under test, it shall be reported. In no instance shall a
reference measuring means be used which has a rating
greater than one third that of the device under test.

In addition, care must be taken when using test instru-
ments with a specified accuracy expressed in percent of
full scale. For example, if an instrument with a specified
accuracy of £0.1% of full scale were used to measure the
output of the device under test, but this output signal

falls in only the first third of the scale of the instrument,
the effective accuracy over the range that the instrument
is being used could now be +0.3%, unsuitable for many
applications.

3.4.5 Preconditioning

Preconditioning of the device under test and associated
test equipment shall include stabilization at steady-state
operating conditions. The device under test shall be exer-
cised prior to recording observations by varving the input
to obtain three full-range output traverses in each
direction.

3.4.6 Tapping

Tapping or vibrating the device under test is not allowed
unless the performance characteristic under study re-
quires such action. Then, an additional test cycle may be
conducted while tapping the device and the results com-
pared to a test cycle without tapping.

Tapping of certain types of test equipment such as
pressure columns, gages. or instruments with mechanical
linkages may be performed to increase their measure-
ment accuracy. Care must be exercised to avoid disturb-
ing the device under test by such tapping.

3.4.7 Input Signal Quality

Input signals shall be free of extraneous fluctuations
which may have a significant effect on the test results.

3.4.8 Noise in Flow Lines

Special care must be exercised to insure that minimum
effects result from noise in flow lines. Several runs at
each flow level may be required to obtain a reliable in-
dication of accuracy and repeatability.

3.4.9 Measured Values

Measured wvalues shall be considered to be absolute
values unless preceded by a plus or a minus sign or both.

3.4.10 Ambient Pressure

When testing devices which could be affected by normal
variations in ambient pressure, the test of Section 5.18,
Ambient Pressure Effects, shall be performed first. If the
results of this test show that the output shifts by an
amount exceeding one tenth of the accuracy rating of the
device, then the ambient pressure shall be monitored for
the remainder of the test program and data shall be
corrected for ambient pressure changes.

3.4.11 Input Levels for Devices with ‘*Stops”

The test methods contained in this document normally
specify testing at 0 and 100 of span; however, certain
devices may be equipped with “stops’ or other means
which limit output travel below 0% or above 100%. For
these devices, lests shall be performed by adjusting the
input value to obtain the ideal output value and then
recording the value of input signal. The data thus ob-
tained must be either corrected for sign difference or




Generic Test Methods for the Testing and Evaluation of Process Measurement and Control Instrumentation

stated as correction values rather than deviation or error
values.

3.4.12 Sequence of Testing

The sequence of testing should be established to ensure
that all nondestructive testing is performed before any
potentially destructive testing (e.g., vibration or over-
range) is attempted.

3.4.13 Gain, Integral, and Derivative

Unless test criteria specify otherwise, devices equipped
with adjustable gain shall have that adjustment set for a
gain of 1 or as close to 1 as the adjustment allows, while
devices equipped with integral or derivative control ac-
tion shall have those adjustments set for minimum
effect.

4. ACCURACY-RELATED FACTORS
4.1 Calibration Tests (Ref 1)
See Figure 1 for a typical test setup.

Calibration tests shall be conducted by performing three
calibration cycles starting near mid-range. The test
points shall be uniformly distributed over the range.
There shall not be less than five points and preferably
more. The input signal shall be applied in such a way as
to avoid overshoot and with the final input value ap-
proached in the same direction as the initial input value.

At each point under test the input signal shall be held
steady until the output of the device under test becomes
stabilized at its apparent final value. The output values
shall be observed and recorded for each input value.

On certain devices it may be more convenient to adjust
the input value to obtain the ideal output values, and
then record the value of input signal. The data thus ob-
tained must be corrected for sign difference or stated as
correction values rather than deviation values.

4.1.1 Calibration Data

The calibration data obtained in Section 4.1 shall be re-
corded in the form of a calibration table. All operating
conditions which migh influence the test results shall be
noted. A typical presentation of data is shown in Table 1.

4.1.2. Calibration Curve

A calibration curve, Figure 2, shall be prepared as a
*“deviation plot” to provide a graphical presentation of
the test results obtained in the tests of Section 4.1. The
data at each calibration point approached from the same
direction are averaged. The difference between each
average value and its corresponding ideal value is deter-
mined and expressed as a percent of ideal output span.
The deviation is plotted vs. percent input or ideal out-
put. Figure 2 illustrates a plot of percent deviation vs.
percent input. A positive deviation denotes that the ob-
served output value is greater than the ideal output
value.

Input Device Output
Signal > Under Output Signal
Source Test Load d Monitor
3
Input
Signal Supply Supply
Monitor Monitor

Figure 1 Typical Test Setup
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ERROA
AVERAGE
INPUT ue DOWN up DOWN up DOWN up up DOwWN up ERROR
ACTUAL ACTUAL | ACTUAL | ACTUAL [ actuaL [ Actuac | AcCTuAL | AVERAGE | AVERAGE | AVERAGE
x % % % % % % % % % % %
() ~0.04 -0.05 -0.06 -0.05 -0.05
10 +0.14 +0.04 Q15 +0.05 +0.16 +0.06 +0.15 +0.05 +0.10
P > N e
20 <023 g-o,oe)v +0.26 +009} | { +0.26 ly~ Qo 13) +0.25 +0 10 +0175
~ T N~ S~ ~
30 +0.24 +0.09 +0.25 +0.10 +0.26 +0.11 +0.25 +0.10 +0.175
40 +013 (—007 +0.15 ) -004 017 -0.04 +0.15 -005 +0.05
e
) RS S—
50 -0.18 -0.02 -0.16 +0.01 -0.13 +0.01 -0.13 -0.1% 0 -015 -0.075
T
60 -0.27 -0.12 -025 0.10 | =023 -0.08 025 -0.10 0175
o
70 (—0‘32 ) -0.17 -0.30 -016 -0.28 -0.12 -0.30 -0.15 -0225
S
80 -027 \ -0.17 -0.26 =015 -0 22 -013 -025 -0.15 -0.20
20 -0.16 -0.06 -0.15 -005 -0.14 -0.04 -0.15 -0.05 -0.10
100 +0.09 +0.1 +0 10 +0.10 +0.10
-032% /
Measured Accura =
~ + 026% 4

. Note: Accuracy of reference measuring means
Hysteresis Plus Dead Band = 0.22% was not considered in the deterrnination
of the average error

Repeatability = 005%
Table 1 Example Table of Calibration Curve
0.5
() tworeendERt LnEaRITY = 1,181
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a AvERAGE
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] 2 3 w0 5 L b & 9% 100
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Figure 2 Calibration Curve
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4.2 Measured Accuracy (Ref 1)

Measured accuracy is determined from the calibration
table of Section 4.1.1 by selecting the greatest positive
and negative deviations of any measured value from the
ideal value. Measured accuracy is reported as the max-
imum plus and maximum minus deviations in percent of
ideal output span.

4.3 Linearity (Ref 1)

Linearity is determined from an average calibration
curve which is plotted using the average of corresponding
upscale and downscale readings of Section 4.1. This per-
mits observation of linearity (independent, terminal, or
zero-based) independent of dead band or hysteresis. This
concept assumes that if no hysteresis or dead band were
present the calibration curve would be a single line
midway between upscale and downscale curves.

Note: The term linearity is used for devices which have a
linear input-output relationship; for devices which have
a nonlinear input-output relationship (e.g., logarithmic,
square rtoot, etc.), the term conformity (likewise the
terms independent conformity, terminal-based confor-
mity, and zero-based conformity) shall be used.

4.3.1 Independent Linearity

Independent linearity is determined by drawing a
straight line through the average calibration curve in
such a way as to minimize the maximum deviation. It is
not necessary that the straight line be horizontal or pass
through the end points of the average calibration curve.
Independent linearity is the maximum deviation be-
tween the average calibration curve and the straight line.
It is measured in terms of independent non-linearity and
reported as a plus and minus percent of ideal output
span.

4.3.2 Terminal-Based Linearity

Terminal-based linearity is determined by drawing a
straight line such that it coincides with the average
calibration curve at the upper range-value and the lower
range-value. Terminal-based linearity is the maximum
deviation between the average calibration curve and the
straight line. It is measured in terms of terminal-based
non-linearity and reported as a plus or minus percent of
ideal output span.

4.3.3 Zero-Based Linerity

Zero-based linearity is determined by drawing a straight
line such that it coincides with the average calibration
curve at the lower range-value (zero) and minimizes the
maximum deviation.

Zero-based linearity is the maximum deviation between
the average calibration curve and the straight line. It is
measured in terms of zero-based non-linearity and re-
ported as a plus and minus percent of ideal output span.

1.4 Hysteresis (Ref 1)

Hysteresis results from the inelastic quality of an ele-
ment or device. As measured, its effect is combined with
the effect of dead band. The sum of the two effects
(hysteresis plus dead band) is determined directly from
the calibration table of Section 4.1.1. It is the maximum
difference between consecutive upscale and downscale
outputs for any single test cycle. Hysteresis than is de-
termined by subtracting the value of dead band from the
corresponding value of hysteresis plus dead band for a
given input. The maximum difference is calculated and
reported as a percent of ideal output span.

1.5 Dead Band (Ref 1)

Dead band is measured by maintaining test conditions
and preconditioning of the device as indicated in Section
3.4.5, with the test conducted 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.

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
(difterence between steps 2 and 4) is the dead band. It is
determined from a number of cycles (steps 1 through 4).
The dead band should be determined at the calibration
points tested in Section 4.1. The maximum value is
reported.

Dead band is calculated and reported as a percent of
nominal input span.

4.6 Repeatability (Ref 1)

Repeatability is determined directly from the calibration
table. It is the closeness of agreement among a number of
consecutive measurements of the output tor the same
value of input approached from the same direction.

Observe the maximum difference in percent deviation for
all values of ideal output considering upscale and
downscale curves separately. The maximum value from
either upscale or downscale is reported.

Repeatability is the maximum difference in percent de-
viation observed above and is reported as a percent of
ideal output span.

1.7 Controller Mode Accuracy

The following tests are to determine the accuracy of the
dial markings of the adjustments for gain (or propor-
tional band), integral (or reset) action. and derivative (or
rate) action. Each test shall be conducted by setting the
dial at a number of cardinal markings and observing the
output. These tests are applicable to both pneumatic
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and electronic devices. Each is conducted under open
loop, direct acting (increasing output for increasing in-
put) conditions.

Please note, however, that the same information may be
obtained from the results of tests in Section 6.1, Fre-
quency Repsonse — if the test program includes fre-
quency response testing, it is suggested that the accuracy
of gain, integral, and derivative dial settings be deter-
mined from the frequency response curves whenever
practicable.

4.7.1 Gain (or Proportional Band) Dial Markings

If the device is provided with integral (or reset) action,
this shall be set as slow as possible. If derivative (or rate)
action is provided, it shall be set at OFF or as near zero
as possible. The output should be monitored with a re-
corder in order to discriminate between the output
changes due to gain and residual integral action.

Step changes shall be induced in the input and the out-
put change measured after the controller has stabilized.
For gain values greater than 1.0 (proportional band
values less than 100¢) the input changes shall be limited
to avoid output changes greater than 100% of span. For
gain values less than 1.0 (proportional band values
greater than 100%) the input changes should cover the
full range.

The gain is calculated as the ratio of output change to in-
put change. (Proportional band is the reciprocal of gain
and is calculated as the ratio of input change to output
change multiplied by 100%).

4.7.2 Integral (or Reset) Action Dial Markings
(Ref 6)

If the device is provided with gain or proportional band,
the gain dial shall be set at 1.0 or the proportional band
dial set at 100%. If the device is equipped with derivative
(or Rate) action, this should be set at OFF or as near zero
as possible. The output shall be connected to a recorder.

The device is stabilized at approximately 50/ output and
a step change is then made in the input. The output
signal is allowed to ramp until the output has at least
doubled the output change due to gain alone. The input
signal is then returned to the original value and the out-
put trace is allowed to stabilize.

The integral value is then determined from the slope of
the recording of the output using that portion of the trace
which does not reflect the influence of the gain adjust-
ment. As shown in Figure 3 the integral action takes
place in the ramp section of the response curve. If the in-
tegral is expressed in repeats per minute, it is calculated
as the slope of the ramp section as a proportion of the
total output span per minute divided by the calculated
gain. If the integral action is expressed as the time for one
repeat, it is calculated from the curve as the time to
reproduce (or repeat) the amount of output change due
to the initial unbalance of the system. This is identified
in Figure 3 as the “time for one repeat’.

The process is repeated so as to cover the range of in-
tegral dial settings. The results for all dial settings tested
will be reported.
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Figure 3 Integral (or Reset) Action for Step-Change Input
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4.7.3 Derivative (or Rate) Action Dial Markings
(Ref 6)

If the device is provided with gain or proportional band,
the gain shall be set at 1.0 or the proportional band at
100%. If the device is provided with integral (or reset) ac-
tion, this shall be set as slow as possible. A ramp
generator is required to permit varying the input at a rate
25% of input span
derivative time setting
output shall be connected to a recorder.

not to exceed

per minute. The

A reference curve shall be established with the derivative
action turned off. The test is then repeated at an ap-
propriate derivative dial setting. The derivative action is

calculated as the time difference between the two curves
at the same output value as shown in Figure 4.

The above process is repeated so as to cover the range of
derivative dial settings. The results for all dial settings
tested will be reported.

4.8 Static Gain for Controllers

This test is to determine the degree of conformance of the
output of a controller to change in the set point. It shall
be conducted in a closed loop (output fed back directly to
input), reverse acting configuration with the propor-
tional gain set at 1.0 (proportional band at 100%), the
derivative action set at OFF or as near zero as possible,
and the integral action set at ON, but as slow as possi-
ble. Refer to Figure 5 for the test setup.
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Observations of the output shall be made with the set-
point adjustments at 0% and 100%. The span of the set-
point settings divided by the algebraic difference be-
tween the deviations of the output is the static gain. The
test may be repeated for other values of gain and integral
action, except that all tests should be conducted below
saturation of the output. The results of testing in each
configuration shall be reported.

4.9 Derivative Gain for Controllers

This test is to determine the response to an abrupt input
change of a controller when provided with proportional
plus derivative action in comparison with proportional
action only. The test shall be conducted in an open loop,
direct acting configuration.

The proportional gain shall be set at 1.0 {proportional
band at 100¢¢) and the derivative action set at a desired
test value. An input change of approximately 5% shall be
induced abruptly and the response of the controller ob-
served. This observation is best made using a high speed,
high sensitivity recording instrument. The test shall be
repeated with the derivative action set at OFF or as near
zero as possible. The ratio of the output change with
derivative action to the output change without derivative
action is the derivative gain for that particular setting of
derivative action. The results of testing at each
derivative action setting shall be reported.

5. OPERATING INFLUENCES
5.1 Ambient Temperature Effects

Ambient temperature effects are determined by the
following procedure. The device under test shall be
placed in a temperature test chamber. Pneumatic
devices shall have sufficient air supply tubing inside the
test chamber to insure that the supply and input air are
at the same temperature as the device under test. Suf-
ficient time must be allowed at each test temperature to
permit thermal stabilization before calibration data are
taken. Temperature sensors attached to the major mass
of the device and monitoring of the output signal are two
useful methods to establish that thermal equilibrium has
been achieved. At each test temperature the device shall
be preconditioned per Section 3.4.5 and two sets of full
range input traverses in each direction shall be conduct-
ed starting near mid-range. Readings should be taken at
each 25% of input span. No adjustments to the device
shall be made after the initial measurements are made at
the reference temperature.

The recommended sequence of test temperatures is as
follows:

1. reference temperature

2. temperature midway between reference and
maximum specified temperature

3. maximum specified temperature

4. temperature midway between reference and
maximum specified temperature
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5. reference temperature

6. temperature midway between reference and
minimum specified temperature

7. minimum specified temperature

8. temperature midway between reference and
minimum specified temperature

9. reference temperature

A second or third temperature cvcle may be required,
without any adjustment of the device. for certain types of
devices in order to obtain reproducible results. The
calibration data at each test temperature shall be re-
corded. The changes at each input level shall be
calculated from the averages of the upscale and
downscale readings as in Section 4.1, and reported in per-
cent of ideal output span. In addition, changes in
hysteresis, linearity and repeatability shall be reported.

5.2 Ambient Relative Humidity Effects

Ambient relative humidity effects shall be determined
by placing the device under test in a humidity test cham-
ber in which the average value of relative humidity can
be controlled within +3% of the specified relative
humidity levels. In all tests the device shall be stabilized
at the reference relative humidity of 50 at the selected
temperature. Calibration data shall be taken at each 25%
of input span, The relative humidity shall then be in-
creased to the maximum specified value for which the in-
strument is designed. Condensation shall not be allowed
to form on the device. Devices which have enclosures,
seals, or coatings incorporated into their design and
which are intended to protect against humidity effects
shall be exposed to the maximum specified relative
humidity for 168 hours. Devices which do not incorporate
special means to protect against high relative humidity
shall be exposed to the maximum specified relative
humidity lor only 24 hours due to the accelerated
response of such devices to relative humidity. Calibra-
tion data shall again be taken. With the device
remaining in operation, the relative humidity shall be
reduced to the original reference value of 50%. After
stabilization, the calibration test shall be repeated. Any
changes in zero and span shall be calculated and re-
ported in percent of output span. In addition, any signifi-
cant changes in hysteresis, linearity, or repeatability
shall also be reported. These changes shall then be plot-
ted against relative humidity. In addition, a visual
examination shall be made after the test to check for in-
dications of component deterioration or moisture en-
tering sealed enclosures. T'he above test shall then be
repeated with the device exposed to its minimum
specified relative humidity.

In the abhsence of manufacturer's specifications the
maximum relative humidity to be used shall be 95¢ and
the minimum relative humidity shall be 25¢¢.

5.3 Vibration

The effect of vibration shall be determined by the
following procedure using the peak-to-peak amplitudes,
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acceleration levels, and frequency ranges specified by the
manufacturer.

Calibration tests shall be made before and after the
vibration exposure. The device shall be mounted, in ac-
cordance with the manufacturer’s instructions for a
normal installation, on a vibration table where it shall be
subjected to rectilinear sinusoidal vibrations in each of
three mutually perpendicular axes. one of which shall be
the vertical direction. The rigidity of the vibration table
and of the mounting means for the device shall be such
that the impuise is transferred to the device with a
minimum of loss or gain. Vibrations shall be applied with
the device powered and operating with 50% input signal.
A test run with the device unpowered may be additionally
required where the test results may be significantly
different.

The vibration tests shall include an initial resonance
search, endurance conditioning at resonance frequencies,
and a final resonance search. These three stages shall be
performed in sequence. At each stage, the device shall
be vibrated in the three major axes before proceeding to
the next stage.

In the absence of manufacturer’s specifications, one of
the following test conditions related to the application
environment of the device shall be used.

TABLE 2

VIBRATION LEVELS USED IN THE ABSENCE
OF MANUFACTURER’S SPECIFICATIONS

Peak-to-Peak
Freq. Constant Constant
Condition| Range {Displacement | Acceleration | Application
(Hz) (mm) (m/s%)
5-15 1.0 - Control
1 Room
15-150 .ee 4.9
a-15 2.0 --- Field
2 15-150 9.8 Mounted
150-2000 49
5-15 4.0 --- Process
3 15-150 9.6 Pipe
150-2000} - 9.8 Mounted

The constant displacements to be used from 5 to 15 Hz
are expressed as double amplitude, or peak-to-peak
values, and at 15 Hz produce an acceleration which is
equivalent to the constant acceleration levels specified at
15 Hz.

The initial resonance searches shall be carried out to
study the behavior of the device under vibration, to de-
termine resonance frequencies and to obtain information
for the final resonance searches. The sweep rate shall not
be greater than 0.5 octave per minute.

The endurance conditioning shall be done for 0.5 hour at
each of the three major resonance frequencies, if they
exist, and only in the applicable plane of resonance.
Mechanical resonance, for the purpose of this test, is
defined as an amplification ratio of 3 or more white for
output signals, resonance refers to an output shift or
bandwidth 3 times the specified accuracy of the device.

The final resonance searches shall be pertformed under
the same conditions and in the same manner as the in-
itial resonance searches. Any changes in resonance
frequencies shall be reported. Shifts in output at the
resonance frequencies shall be calculated and reported in
percent of ideal output span.

5.4 Drop and Topple ([Ref 6])

The drop and topple test is performed to evaluate the ef-
fects of the knocks and jolts likely to occur due to rough
handling.

Calibration testing shall be performed before and after
subjecting the device to the following test:

A massive, smooth, hard, rigid surface shall be used as
the test area. The device shall be placed on the test
surface in its normal attitude and then be tilted about
one of the bottom edges so that the angle between the
bottom of the device and the test surface is 30°. The
device shall be allowed to fall freely onto the test surface.

The drop treatment shall be repeated about the other
bottom edges to a maximum of four such edges.

Any changes in the calibration as the result of this test
shall be calculated and reported in percent of ideal out-
put span.

After the drop treatments, the device shall also be
examined for evidence of physical damage.

5.5 Mounting Position

This test is to determine the zero and span errors of a
device due to variations in mounting position. In the
absence of a manufacturer’s specification, £10° inclina-
tions shall be applied in the two major axes for devices
which are intended to be mounted in one position only,
while devices intended to be mounted in virtually any
position shall be tested in each of the three mutually
perpendicular axes, including upside-down (90° and 180°
inclinations) as shown in Figure 6.

The test shall be performed by first taking zero measure-
ments in the normal mounting position and in each test
position in order to determine the effect on zero due to
mounting position. The device shall then be returned to
its normal mounting position.

In order to determine the true effect of mounting position
on span, the span of the device shall now be measured in
the normal mounting position and in each test position
with the device having been rezeroed in each position.
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Figure 6 Test Positions for “Universal Mounting” Devices

Data shall be reported as zero errors due to mounting
position, and as span errors after rezeroing due to moun-
ting position, and shall be expressed in percent of ideal
output span.

5.6 Reproducibility (Ref 1)

This test is to determine the reproducibility of the device
under test.

Reproducibility is determined from the following test
procedure;

Perform the calibration tests as described in Sec-
tion 4.1. Then, maintain the device under test
within its normal operating conditions, energized,
and with an input signal applied.

The operating conditions may be allowed to vary over the
time interval between measurements providing they stay
within the normal operating conditions of the device un-
der test.
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At the end of the time specified, again perform calibra-
tion tests under the same operating conditions that
existed for the initial calibration tests.

Reproducibility is the maximum difference between re-
corded output values (both upscale and downscale) for a
given input value. All input values are considered and
the maximum difference is reported. The difference is
reported as a percent of ideal output span for the
specified time interval.

g

5.7 Qutput Load Effects

This test is to measure the output change of the device
when the load resistance is changed from its minimum to
maximum specified values.

The test is conducted by applying input signals of 0%
and 100% of span and intermediate values if desired. The
changes in zero and span shali be calculated and re-
ported as a percent of ideal output span.
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5.8 Common Mode Interference [Ref 6]

This test is to determine the effect on the output due to
extraneous voltages applied between the input terminals
and ground. The test is performed at 50% output. Two
forms of interference are to be considered. In the first, the
extraneous voltage is applied bilaterally to the input
terminals, as shown in Figure 7. In the other, the
extraneous voltage is applied to each of the input
terminals in turn. In both cases the extraneous voltage
shall be “that value specified by the manufacturer”. If no
value is specified, the test would be performed at 250
volts rms at mains frequency for ac common mode in-
terference and at 50 V dc or 1000 times the input span
(whichever is the lesser) for dc common mode

The de common mode effect is determined by applying
the positive and then the negative polarity of the com-
mon mode voltage with respect to ground. The ac com-
mon mode effect is determined by adjusting the
frequency of the common mode voltage to the fundamen-
tal and then to the second harmonic of the mains
frequency, in each case allowing the phase to shift
through 360° with respect to the mains. The maximum
positive and/or negative changes in output shall be re-
ported for each test condition, as well as any ac fed

through from input to output.
5.9  Normal Mode Interference

This test is to determine the effect on the output due to
extraneous voltages applied in series with the input

interference. terminals. Refer to Figure 8. For devices which operate
Ry
Common | T Yt Device Output-
Mode an9 Under Monitoring
Voltage eV‘l(:‘._e_w Test Devices
R2
Ry = Ry = 1000 +1%
Figure 7 Test Setup for Common Mode Interference
Input j_ Device Output-
Signall==10pF 100 Under Monitoring
Sourcc—l~———€£§} | Test Device(s)
p—— '<—\
Isolation
Transformer
NMV .I
Source
| ]

Figure 8 Test Setup for Normal Mode Interference
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from dc signals (current or voltage) the normal mode in-
terference is 1 V ac, unless otherwise specified by the
manufacturer, whose frequency is equal to the fun-
damental and then the second harmonic of the mains
frequency, and whose phase is allowed to shift through
360° with respect to the mains voltage. This normal
mode voltage is obtained from the secondary of a step-
down transformer which has a 109 resistor connected
across it. The voltage is adjusted to the desired value
while the transformer is not connected to the input
circuit of the device under test. A 10 u F bypass capacitor
shall be placed across the input signal source to insure
passage of the normal mode signal. The maximum
positive and/or negative changes in output shall be re-

ported, as well as any ac fed through from input to output.

For devices which operate from ac signals (current or
voltage) the normal mode interference is a dc voltage of 1
volt unless otherwise specified by the manufacturer. The
device is tested with each polarity in turn.

5.10  Supply Voltage Effects

These tests are to determine the effect on the output due
to steady state and transient changes in supply voltage
and due to total interruption of short duration. All tests
are to be made at 0% and 100% of input span. Long term
power interruptions result in conditions similar to those
of start-up and therefore do not merit a separate test.

The changes in zero and span, and the value of any
transients noted, shall be calculated and reported in per-
cent of ideal output span.

5.10.1 Steady-State Supply Voltage Effects [Ref 6]

Steady-state supply voltage effects shall be determined
by measurements at the reference voltage and at 1105
and 85% of the reference voltage. The voltage changes
shall be made smoothly and gradually.

5.10.2 Transient Overvoltages of AC Supply [Ref 6]

Overvoltages in the form of voltage spikes shall be
superimposed on the supply voltage peaks (to be ad-
ditive) by discharge of a capacitor. A suitable test setup
is shown in Figure 9. The energy from the capacitor shall
be at least 0.1 joule and the spike amplitudes shall be
100, 200%, 300 and 500" overvoltage (corresponding
to 200¢, 300¢%, 400% and 600% of the reference mains
rms voltage). The power supply mains shall be protected
by a suitable suppression filter consisting of a choke of
5004 H minimum capable of carrving the line current.
The value of capacitance may be computed with the

2
formula F = ?—" where F is the value of capacitor (C) in

farads, and V is the multiple of the reference mains
supply voltage. The output should be monitored with a
high-speed device to obtain a permanent record of any
transients.

INPUT DEVICE RECORDER
SIGNAL '—— | UNDER OR
SOURCE TEST STORAGE SCOPE
s N,
DC ! _j_
SUPPLY R, '\ TC 0SCILLOSCOPE
i |
500 uH
INDUCTOR
AC
POWER
SOURCE

Figure 9 Test Setup for AC Supply Transient Overvoltages
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5.10.3 Transient Supply Voltage Effects
Step-changes of +10% from the reference voltage shall be
applied at the supply voltage crossover point for 10, 100,
1000, and 10,000 ms duration Step changes of —15/ from
the reference voltage are also to be applied at the supply
voltage crossover point for 10, 100, 1000, and 10,000 ms
duration. Alternately, each test can be performed with at
least 10 random applications of each step-change. The
rise time of the supply voltage change shall be no greater
than 1 ms.

5.10.4 Supply Voltage Depression ([Ref. 6])
The supply voltage shall be depressed by 25% from the
reference value and held for 5 seconds. See Figure 10.

The rise time should be no faster than 100 ms to avoid
transients,

5.10.5 Short Term Supply Interruptions [Ref. 6]

This test is to determine not only the steady-state effects
on the output, but also the transient characteristics
which may occur due to the interruption and the time for
recovery. A suitable test setup is shown in Figure 11.

For dc-powered devices the tests shall be made with in-
terruptions of 5, 20, 100, 200 and 500 ms. For ac-powered
devices the interuptions shall occur at the crossover point
and shall be for 0.5, 1, 5, 10 and 25 cycles duration. Alter-
nately, the test can be performed by applying at least 10
random interruptions of each duration. In the case of dis-
continuous output devices, such as alarms, the tests shall
be conducted to establish the conditions at which the
performance is affected.

Input Device
Signal > Under
Source Test
2-Charinel
Recorder
Suoply
Supply Voltage
Depressor
Figure 10 Test Setup for Supply Voltage Depression
Input Device
Signal Under
Test 2-Channel
3
Recorder
Power
Power ——=  Supply >
Interrupter

Figure 11 Test Setup for Short Term Supply Interruptions
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5.11 Supply Frequency Effects

This test is to determine the effect on the output due to
variations in line frequency. Output measurements are
to be made at 0% and 100% of input span first at the
reference frequency, then at 95% and 105% of the
reference frequency.

The changes in zero and span shall be calculated and
reported in percent of ideal output span.

5.12  Harmonic Distortion Effects

This test is to determine the effect on the output due to
distortion of the ac power supply at various harmonics of
the fundamental supply frequency. The distortion is
produced by an auxiliary power supply operating in
series with the main power supply through a step down
isolation transformer. The auxiliary power supply shall
be operable at the second through fifth harmonics of the
fundamental supply frequency. A suitable test setup is
shown in Figure 12.

The test shall be conducted by initially monitoring the
output at 0% and 100/ input with no applied distortion.
The specified harmonic shall then be introduced and
varied through 360° phase shift. In the absence of a
manufacturer’s specification, distortion levels of 2% and
10¢¢ shall be used. The maximum and minimum output
values at 0% and 100% input shall be recorded. The
maximum changes at 0% and 1009 input shall be
calculated and reported in percent of ideal input span.

5.13 Magnetic Field Effects

This test is to determine the effect on the output due to
external ac- and dc-induced magnetic fields. In the

absence of a manufacturer's specification, the device will
be tested with a field intensity of 0.5 mT.* The required
field intensity is most conveniently generated with a
large Helmholtz coil. Testing shall be performed in three
mutually perpendicular orientations with respect to the
applied magnetic field. The test shall be conducted at 0%
and 100% of input span. The changes in zero and span
shall be calculated and reported in percent of ideal out-
put span.

*T = Tesla = 10* Gauss
5.14 Supply Pressure Effect

These tests are to determine the effect on the output
caused by variations and short-term interruptions of the
supply. They shall be conducted at 0% and 100% of input
span. The changes in zero and span, as well as transient
behavior, shall be calculated and reported in percent of
ideal output span.

5.14.1 Steady-State Supply Pressure Effects ([Ref. 6])

Steady-state supply pressure effects shall be determined
by measurements of the output at the reference supply
pressure and at 110% and 85% of the reference supply
pressure. The pressure changes shall be made smoothly
and gradually.

5.14.2 Supply Pressure Interruptions

The interruption test shall be conducted by shutting off
the air at the instrument {or 1 minute. When the supply
pressure to the device is reapplied, it shall not be allowed
to vary by more than the reference tolerance. Both
changes in output and settling time shall be reported.

Input Device
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Source Test

Osciilo-
scope
Vert. Hor.l

Output
Monitor

Source of ug
Harmonics | P
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Orerating
Voltage

Source

RMS ac
Voltmeter

Distortionl or
Analyzer |

Figure 12 Test Setup for Harmonic Distortion Effects
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5.15 Static Pressure Effect

This test is to determine the effect on the output due to
changes in steady-state process pressure. It is important
that the static pressure be changed slowly enough to
avoid generation of differential pressures or temperature
gradients within the unit which would invalidate the test
results. The recommended test setup is as shown in
Figure 13.

The test is performed at 0% and 100% of input span by
noting the changes in output at 25% increments of the
maximum working pressure of the device. If the span is
adjustable other than to take up manufacturing
tolerances, the tests shall be conducted at the minimum,
nominal or arithmetic mean of maximum and minimum,
and maximum spans. The static pressure error is the dif-
ference between the output at each static pressure and
the output at atmospheric pressure. The changes in zero
and span shall be calculated and reported in percent of
ideal output span for each span and static pressure
value.

5.16 Overrange Effects

This test is to determine the changes in zero and span
resulting from the application of overrange input signals.
The recommended test setup for pneumatic-input de-
vice is shown in Figure 14. The output shall be recorded
at 0% and 100% of input span before and after each ov-
errange for determination of the effect of that overrange
on the output of the device.

The specified overrange limit shall be applied to the
device for 1 minute. The overrange shall then be
released, the device allowed to stabilize for 5 minutes,
and the output recorded at 0% and 100% of input span.

In the case of differential pressure devices, an overrange
cycle is conducted by applying each overrange pressure
to first the low, then the high pressure side.

If the output shifts by an amount greater than the ac-
curacy rating of the device, the overrange test shall again
be performed, up to a maximum of three overrange cy-
cles, and results for all cycles reported.

All changes in zero and span shall be calculated and re-
ported in percent of ideal output span.

5.17 Signal Terminal Grounding (Ref 6)

This test is to determine the effect on the output due to
grounding those signal terminals which are normally
isolated from ground. The test is conducted at 0% and
100%¢ of input span by connecting each such terminal to
ground in succession and noting the effect on each of the
steady-state output levels. The changes in zero and span
shall be calculated and reported in percent of ideal out-
put span.

5.18 Ambient Pressure Effects

This test is to determine the effect on the output due to
normal variations in Ambient (or Atmospheric) Pressure
with due regard to variations in altitude. The test is con-

Static
Pressure
Gauge
Static _ _ High Device Output
Pressure ) ”1 Under Signal
Source V2 Test Monitor
Low
l V3 To Atmosphere
A
High-
Pressure
Manometer

Figure 13 Test Setup for Static Pressure Effects
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Figure 14 Test Setups for Overrange Pressure Effects

ducted by applying input signals of 0% and 100% of span.
In the absence of manufacturer’s specification, output
readings shall be taken at 66 kPa, 101.3 kPa, and 108 kPa
(660 mbar, 1013 mbar, and 1080 mbar).

Changes in zero and span shall be calculated and re-
ported in percent of ideal output span using the output
values at 101.3 kPa as reference.
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5.19 Electromagnetic Susceptibility

The procedure for testing and specifying performance of
devices under test when operating in an environment
containing electromagnetic radiation is contained in
SAMA Standard PMC 33.1. This standard applies to the
susceptibility of industrial and process control in-
strumentation to radiated electromagnetic energy. This
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standard establishes classification of the environments
in regard to anticipated electromagnetic fields and de-
fines test methods for evaluating the instrumentation
used in these electromagnetic environments.

6. FUNCTIONAL CHARACTERISTICS
6.1 Frequency Response

This test is to determine the output response of a device
under test to sinusoidal input signals as a function of
frequency. Frequency response testing shall be conduc-
ted and reported in accordance with the applicable sec-
tions of the current version of ANSI Standard
MC4.1/ISA-526.

Devices equipped with variable gain integral and/or
derivative action shall be tested with each, in turn, set at
a number of cardinal markings while any others are set
for minimum effect (Gain of 1, maximum integral time,
minimum [or off | derivative time, and minimum damp-
ing). From the results, additional data such as dial ac-
curacy and control action gain mav be determined as
shown in Figure 13.

6.2 Step Response

This test is to determine the dynamic output response of
a device to step-change input signals. Step response
testing shall be conducted and reported in accordance
with the applicable section(s) of the current version of
ANSI Standard MC4.1/ISA-S26.

6.3 Input Resistance

This test, applicable only to voltage-input devices, is to
determine the effective resistance presented to input
signals at the input terminals of the device. The test is
performed at 0¢ and 100% input levels using one of the
test setups shown in Figure 16.

For devices which have a continuous output signal, this
test can be used to determine Input Lead Effects as well
as Input Resistance. Record the output changes due to
the addition of the maximum specified Input Lead
Resistance distributed evenly in each input lead. These
changes. expressed in percent of span, are the input lead
effects. Input Resistance is computed from the formula:

where Rin is the input resistance
Rs is the series resistance
S is the span without added resistance in the in-
put circuit
Sr is the span with the series resistance in the
input circuit

If no change in output occurs due to the addition of the
specified lead resistance, then the resistance may be in-
creased until a discernable change is noted, but the tact
that the specified lead resistance was exceeded shall also
be reported.

20

For devices which have a noncontinuous output, a
variable resistance is placed in series with the input
circuit. Measurements of the voltage drop across this
series resistance shall be made, the actual value of its
resistance shall then be measured, and the input
resistance calculated from the formula:

Ein

Rln=RS(m-1)

where: Rin is the input resistance
Rs is the series resistance
Ein is the voltage from the input signal source
Ers is the voltage drop across the series
resistance

6.4 Dielectric Strength

This test is to determine the inherent safety charac-
teristics of the device when subjected to relatively high
voltages between circuit and ground. The test shall be
conducted in accordance with the pertinent sections of
the current version of ANSI C39.5.

6.5 Insulation Resistance

This test is to establish the degree of isolation of the
circuits of the device from ground. It shall be conducted
in accordance with the pertinent sections of the current
version of ANSI C39.5. The device is to be in the un-
powered state.

6.6 Leakage Current

This test is to determine the worst-case value of leakage
current to ground of the device. l.eakage current testing
shall be conducted in accordance with the applicable sec-
tions of the current version of ANSI Standard C39.5.

6.7 Warmup Effects

This test is to determine the warmup period of the device
under test. The power shall have been interrupted for at
least 24 hours before starting this test.

The output is observed for inputs of 09 and 100%. of in-
put span within one minute of turning on the power and
then at 5, 15, 60 and 120 minutes after turn-on. The
changes in zero and span shall be calculated and re-
ported in percent of ideal output span.

6.8 Point Drift (Ref. 1)

The point drift test is conducted as a long-term drift test
at 50¢ of input span. The power shall have been applied
for at least two hours before starting this test and the
device shall be preconditioned per Section 3.4.5., in-
cluding exercising of the device. The output should be
monitored continuously, but observations shall be made
at least daily. Point drift may be random, cyclic, trend,
or any combination thereof. The preferred reporting
method is to plot all data, such that drift trends may be
identified. For example, refer to Figure 17.
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Devices with a Continuous Analog Output

S1
e ad
Rs |
Input MANA Device Qutput
Signal Under Signal
Source Test Monitor
Devices with a Noncontinuous Output
Voltmeter
A h
Vv > .
Input ;V Device
Signal S Under
Source Test
Figure 16 Test Setups for Input Resistance/Input Lead Effects
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Figure 17 Example Graph of Point Drift
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If drift is reported as a percentage figure, it shall be that
value which represents the greatest excursion of the out-
put during the test period.

The testing shall be conducted for a minimum of 30 days
and may be extended beyond this period if trends in-
dicate the need. Care must be taken to insure that
reference operating conditions are maintained
throughout the test.

6.9 Power Consumption

This test is to be conducted at the input level which
produces maximum consumption. If the power is ac, the
measurements shall include both real and apparent
power, and the power factor shall be calculated. Tests
shall be made at the reference mains voltage and
frequency. The method for measuring dc power con-
sumption is straightforward, but many circuit configura-
tions could be used to determine the true and apparent
ac power consumed by the device under test. The setup
shown in Figure 18 has been chosen due to the relative
simplicity of the corrections which must be applied to
the indicated values to correct for the power consumed in
the measurement network.

Record the readings shown on the ammeter, voltmeter
and wattmeter, and apply the readings obtained to the
following equations to determine the corrected true and
apparent power consumption,

(Em)  (Em)
Rw Rv
*When using a wattmeter whose reading is electrically

True Power = Watts = Wm -

corrected within the wattmeter, delete the (ERI::)! term in
(Em)?
Rw

the below equation due to the nature of the test setup.

the above equation. The term is never deleted in

Apparent Power = Voltamps =

. ) (Em) , (Em):
Im-Em (—Rw +—Rv )

where: Wm = Measured Watts
Rw = Resistance of Wattmeter Potential Coil
Em = Measured Voltage
Im = Measured Current
Rv = Resistance of Voltmeter

Power Factor is now calculated from the equation:

True Power

Power Factor = —m———————
Apparent Power

5,10 OQutput Ripple and Noise

This test shall be conducted with an oscilloscope or other
suitable device connected across the output terminals of
the device under test. The test is performed with 0% and
100% input signal. and with maximum and minimum
specified load resistance. CAUTION: FElectrical noise

Ammeter

Wattmeter

Input
Signal

Voltmeter Source

Supply
Voltage £ A
Source

| \AAS

t

Device
Under
Test

N r

Frequency
Meter

+~w¢ Output
Load

Y

Output
Signal
Monitor

Figure 18 Test Setup for AC Power Consumption
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generated by current flowing through the output load
resistor (microphonics) shall not be confused with the
output noise of the device under test.

Output ripple and output noise are almost invariably in-
termixed with each other as well as with the desired out-
put signal. It is necessary to separate and find the respec-
tive peak-to-peak value of each. Output ripple is that
portion of the output interference signal which is cyclical
in nature and is harmonically related to the mains
frequency. Output noise is the remaining portion of the
output interference signal, including both random fluc-
tuations and cyclical fluctuations of a frequency not
related to the mains frequency.

Qutput noise and ripple shall be reported in percent of
output span by using the following tormula:

Peak-to-peak ¢ Noise (or Ripple) =
Peak-to-Peak Noise (or Ripple)
Voltage Span Across Load Resistance

The predominant frequencies shall also be reported in
the output ripple and noise.

6.11  Air Consumption

This test is to determine the maximum air consumed by
the device under test at steady-state input conditions.
The point of maximum consumption shall be det-
ermined by measuring the consumption at various
steady-state input levels throughout the range. The
pressure at the supply connection to the device shall be

maintained at the reference operating pressure. The test
is performed using the test setup shown in Figure 19.

The value of air consumption thus obtained is then
corrected to indicate the rate at which free air (refer-
enced to 101.3 kPa) is being consumed by multiplying
the air consumption by the compressibility correction
factor for air at the supply pressure used. This correction
factor is determined from the formula:

Compressibility Correction Factor

'

Pneumatic Delivery Capability and Pneumatic
Exhaust Capability

Absolute Supply Pressure
101.3 kPa

2

6.12
This test is to determine the rate at which the device can
deliver air to the load and exhaust air from the load back
through the device. The two conditions use different
procedures, but the results of each are reported on the
same graph. Each test shall be performed starting at
25%, 50¢%, and 75 output signal. Each test simulates
various output-to-load pressure differences, and the
corresponding volume of air delivered or exhausted is
measured at each of those pressure differentials.

6.12.1 Pneumatic Delivery Capability

Using the test setup shown in Figure 20, the valves are
progressively opened so that readings of air flow are ob-
tained at 5% steps of decreasing output pressure. These
data shall be plotted against output pressure expressed
in percent of span as shown in Figure 22,

Input Device
Signal > Under Output
Source Test Monitor
rﬁeference
Supply
Pressure
Gauge
Supply
Pressure
Source
Flow
Measuring
Device

Figure 19 Test Setup for Air Consumption
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To
Atmosphere
Fine
Input Device Agl/’{gb“‘\x
Signal Under Valves >
Source Test ‘\\*Ezr,/]' Flow
Coarse Measuring
Reference! Device
Supply Output
Pressure Pressure
Gauge Monitor
Reference
Supply
Pressure
Source
Figure 20 Test Setup for Pneumatic Delivery Capability
6.12.2 Pneumatic Exhaust Capability compressibility correction factor for the air pressure at
Using the test setup shown in Figure 21, the valves are the m:?putf end of [h: ﬂow':mza;;:rlnghde;flce. ;Fl.lese
progressively opened so that readings of air flow are ob- correction factors are determined from the formu’a:

tained at 5% steps of increasing output pressure. These
data are then corrected to indicate the rate at which free
air (referenced to 101.3 kPa) is being exhausted by JAbsolute Pressure at Rotameter Output

Compressibility Correction Factor =

multiplying the rate of exhaust at each step by the 101.3 kPa
Flow
Measuring
Input Device Device Fine
Signal Under |— n
Source Test val
= ! alves
p
v Coarse
Reference Output
Supply L Pressire
Pressure Monitor
Gauge
Referencs
PsuPply Supply
ressure
Source Pressure —-————J
Source

Figure 21 Test Setup for Pneumatic Exhaust Capability
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The corrected data shall be plotted against output
pressure expressed in percent of span as shown in Figure
22,

6.13 Zero and Span Rangeability

This test is to determine the range of adjustment of zero
and span. Adjustments for zero and span are of two
types: those designed to compensate for manufacturing
tolerances and those designed to deliberately change the
input signal range for which the device will deliver its
specified output range. In some instances. the adjust-
ments to compensate for manufacturing tolerances are
made by the manufacturer and, upon completion of the
operation, the adjusting means are sealed as by en-
capsulation. However, if the adjusting means are accessi-
ble. testing shall be conducted to determine the limits of
adjustability.

The test for zero and span rangeability is made with the
four combinations of extreme settings of the zero and
span adjustments. When testing adjustments designed
to compensate for manufacturing tolerances, readings
shall be taken at 0% and 100% of span; however, when
testing adjustments designed to change input range,
calibration tests shall be performed and reported per

Section 4.1 using the measurement method outlined in
Section 3.4.11.

It the device has a separate elevation or suppression
adjustment, a test of this capability shall be performed
in conjunction with the test of the zero adjustment of the
device: i.e., the elevation/suppression adjustment is set
at each of its extreme values in the direction which will
he additive to the effect of each zero adjustment. This
method gives the absolute zero adjustment capability of
the device.

6.14 Alarm Lockup

This test is to determine the difference between the value
of input to just energize an alarm and the value of input
to just de-energize it. The test is performed at at least
three set points’; 0%, 50%, and 100%. The input signal is
changed gradually until the alarm turns on. The signal is
reversed and changed gradually until the alarm is de-
energized. The algebraic difference between the two in-
put levels is the alarm lockup. If the alarm is equipped
with adjustable lockup, the test is performed at
minimum and maximum lockup adjustment.

Alarm lockup shall be calculated and expressed in “¢ of
ideal input span.

mathic-- -
dadd :

fieu

Figure 22 Example Graph of Pneumatic Delivery and Exhaust Capabilities
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APPENDIX

This Appendix is not a part of SAMA Standard PMC 31.1. Generic Test Methods for the Testing and Evaluation of Proc-
ess Measurement and Control Instrumentation, but is included for information purposes only.

This Appendix provides suggested statements and tables for the purpose of presenting test results in a clear, concise, and
understandable manner. Uniformity in reporting results simplifies comparisons.

For ease of cross-reference, the sections of this Appendix are numbered according to the corresponding sections of the docu-
ment. In the suggested statements and tables, numerical test values have been deliberately avoided to preclude misinter-
pretation. Instead, symbolic representation ( ) has been used, to be replaced in actual reports by numerical values.

4.2 Measured Accuracy Table 1 illustrates a method of tabulating the basic data.

Statement: The measured accuracy is +( ), -( )% of output span.

4,3.1 Independent Linearity

Statement: The independent linearity is £( )% of output span.

4.3.2 Terminal-Based Linearity

Statement: The terminal-based linearity is [+ or -] ( )% of output span,

4.3.3 Zero-Based Linearity
Statement: The zero-based linearity is £( )% of output span.

4.4 Hysteresis

Statement: The hysteresis is ( )% of output span.

4.5 Dead Band

Statement: The dead band is ( )% of input span.

4.6 Repeatability
Statement: The repeatability is ( )¢ of output span.
4.7.1 Gain (or Proportional Band) Dial Markings

Table: Gain dial error
Gain dial setting Measured gain (% of full scale)

() () ()

(G () ()

4.7.2 Integral (Or Reset) Action Dial Markings

Table: Integral action dial Measured integral
setting action time
(minutes) (minutes)
() ()
() ()

Al

Integral action
dial error
(% of full scale)
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4.7.3 Derivative (or Rate) Action Dial Markings

Table:

(minutes)

Derivative action
dial setting

4.8 Static Gain for Controllers

Table:

4.9 Derivative Gain for Controllers

Statement: The derivative gain at (

5.1 Ambient Temperature Effects

Gain dial setting

action time

(minutes)

Measured derivative

Static gain

) setting of derivative action is (

).

Derivative action

dial error

(% of full scale)

Table:
Output Changes (% of Output Span)
Shift Shift Shift Shift Shift  Hysteresis Linearity Repeatability
Temperature (°C) @ 0% @ 25% @ 50% @ 75% @ 100% Change Change Change
23 Ref Ref Ref Ref Ref Ref Ref Ref
{)
<w> () () () () () () () ()
(Max.) () () () () () () () ()
(Ma"*%) () () () () () () () ()
() () () () () () () ()
9
<M“‘+3> () () () () () () () ()
(Min.) () () () () () () () ()
<Mm+°3> () () () () () () () ()
() () () () () () () ()

5.2 Ambient Relative Humidity Effects

Table:
Device held at eacn level of extreme Relative Humidity for ( ) hours.
Output Changes (% of Output Span)
Relative Shift Shift Shift Shift Shift Hysteresis Linearity Repeatability
Humidity @ 23° C @ 0% @ 25% @ 50% @ 75% @ 100% Change Change Change
506 Ref Ref Ref Ref Ref Ref Ref Ref
(Max.) (U] () () () () () () ()
50% () () () () () () C ) ()
(Min.) () () () () ) (O () ()
50% () () () () () () () ()
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5.3  Vibration
Statement: The three greatest output shifts observed in the Resonance Search prior to Endurance Conditioning were:
( )% of span at {( )Hz in the ( ) plane
( )% of span at ( )Hz in the ( ) plane
( )% of span at ( )Hz in the ( ) plane
The three greatest Mechanical Resonances observed prior to Endurance Conditioning were:
Amplification Ratio of ( ) at ( ) Hz in the { ) plane
Amplification Ratio of ( ) at ( ) Hz in the ( ) plane
Amplification Ratio of ( ) at ( ) Hz in the ( ) plane
The three greatest output shifts observed in the Resonance Search after Endurance Conditioning were:
( )% of span at ( ) Hz in the ( ) plane
( )% of span at ( ) Hz in the ( ) plane
( )% of span at ( )} Hz in the ( ) plane

The three greatest Mechanical Resonances observed in the Resonance Search after Endurance Conditioning
were:

Amplification Ratio of ( ) at { ) Hz in the ( ) plane

Amplification Ratio of ( ) at ( ) Hz in the { ) plane

A mplification Ratio of {( ) at { ) Hz in the ( ) plane
Calibration Changes due to the complete Vibration Test were:

Qutput Changes (% of output span)
Zero Span Hysteresis Linearity Repeatability
Shift Change Change Change Change

() () () () ()

5.4 Drop and Topple

Table: Output Shift (% of Output Span)

Device Angled
30° Towards: Zero Span

Front ()
Left Side ()
Back ()
Right Side ()

—

5.5 Mounting Position

Table for single position devices:
Span shift after

Zero shift rezeroing
Mounting inclination (% of output span) (% of output span)
+10° from Z axis in () ()
X - Z plane
—10° from Z axis in () ()
X - Z plane
+10° from Z axis in () ()
Y - Z plane
—10° from Z axis in () ()
Y - Z plane

A3
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5.5 Mounting Position (cont.)

Table for universal position devices:

Mounting inclina

+90° from 7 axis in

X - Z plane

-90° from Z axis in
X - Z plane

+90°from Z axis i
Y - Z plane

-90° from Z axis in
Y - Z plane

180° from original
position in Z axis

5.6 Reproducibility
Statement: The reproducibility is (
5.7 Output Load Effects
Table:
Load resistance

(Minimum value)
{(Maximum value)

5.8 Common Mode Interference
Statements for bilateral test results:

Test conducted with ( )"t output.

Span shift after
Zero shift rezeroing

tion (% of output span) (% of output span)

{ ) ()

) { )
n

() ()

() ()

() )

)% of output span for a ( ) day period.

Output Shift (% of Output Span)

Zero Span
Ref. Ref.
() ()

Change in output with +( ) V dc interference voltage measured as ( )%.
Change in output with -( ) V de interference voltage measured as ( )%.

Maximum changes in output with (
Maximum changes in output with (

) V ac interference voltage at 60 Hz measured as +( )% and -(
) V ac interference voltage at 120 Hz measured as +( )% and -(

AC feed-through from input to output measured as () V ac.

Statements for individual input termi

Test conducted with ()% output.

nal test results:

Changes in output with +( ) V dc interference voltage measured as ( ) and ( )%.
Changes in output with -( )} V dc interference voltage measured as () and ( )%.

Maximum changes in output with (
+( )% and -( )%.

Maximum changes in output with (
+{ )% and -( )%.

Maximum changes in output with (
+( )% and -( )%.

Maximum changes in output with (
+( )% and -( ).

) V ac interference voltage at 60 Hz applied at input terminal (
) V ac interference voltage at 120 Hz applied at input terminal (
} V ac interference voltage at 60 Hz applied at input terminal (

} V ac interference voltage at 120 Hz applied at input terminal (

A.C. feed-through from input to output measured as ( 1 V ac.

5.9 Normal Mode Interference
Statemenis for dc-devices:

Interference voltage () V ac.

Changes in output with 60 Hz interference voltage measured as +( )% and -( )%.
Changes in output with 120 Hz interference voltage measured as +( )% and -( }%.
A.C. feed-through from input to output measured as ( ) V ac.

Ad

.

)%,

) measured as
) measured as
) measured as

) measured as
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5.8 Common Mode Interference (cont.)

Statements for ac-devices: ‘\
Changes in output with dc interference voltage measured as ( ) and ( )%.

Changes in output with dc interference voltage measured as ( ) and ( )%.

5.10.1 Steady-State Supply Voltage Effects

Table: Output Shift (% of Output Span)
Supply Voltage Zero Span
(110% of reference) (| )
(Reference) Ref. Ref.
(85¢¢ of reference) (I « )

5.10.2 Transient Overvoltages of ac-Supply

Table: Transient amplitude Maximum Transient Qutput
(% of reference voltage) Shift (% of Output Span) Settling Time (Seconds)
@ 0% Input @ 100% Input @ 0% Input @ 100% Input
100 () ) ) )
200 () () () ()
300 () () () ()
500 () t ) () ()
5.10.3 Transient Supply Voltage Effects
Table: Step change of +10% of reference voltage. ‘\
Transient time Maximum Transient Output
(ms) Shift (% of Output Span) Settling Time (Seconds)
@ 0% Input @ 100% Input @ 0% Input @ 100% Input
10 ) ) « ) ()
100 () € ) « ) ()
1 000 () () (O ()
10 000 () () (S (U

Step change of —15% of reference voltage.

Transient time Maximum Transient Output
{ms) Shift (% of Qutput Span) Settling Time (Seconds)
@ 0% Input @ 100% Input @ 0% Input @ 100% Input
10 (] ) () (.
100 () () ) ()
1 000 « ) ) () ()
10 000 « ) () « ) )

5.10s4 Supply Voltage Depression

Statement: For a 25 depression of the supply voltage for 5 s duration the zero shift was measured as ( )‘¢ of output span
and the span shift was measured as ( )¢ of output span with () seconds Settling Time for the output to ’
come back within a band of ( ).

AB
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5.10.5 Short Term Supply Interruptions

Table for dc-powered devices:

Interruption period Maximum Transient Qutput
(ms) Shift (% of Output Span) Settling Time (Seconds)
@ 0% Input @ 100% Input @ 0% Input @ 100% Input

5 ) ) () ()

20 () ¢ ) € ) ()
100 () () () ()
200 () () () (O
500 () () () ()
Table for ac-powered devices:
Interruption period Maximum Transient Output
(Hertz) Shift (% of Output Span) Settling Time (Seconds)

@ 0% Input @ 100% Input @ 0% Input @ 100% Input
0.5 () () () ()
1 () () () ()
5 ) () () ()
10 () () (] ()
25 () () () ()

5.11  Supply Frequency Effects

Table:
Supply frequency Output Shift (% of Output Span)
(Hz) Zero Span
(95% of reference) () ()
(Reference) Ref. Ref.
(105% of reference) () ()

5.12 Harmonic Distortion Effects

Table: Distortion level of 2%

Output Shift (% of Output Span)

Supply Max. -shift Max. +shift Max. -shift Max. +shift
harmonic at 0% input at 0% input at 100% input at 100% input
None Ref. Ref. Ref. Ref.
2nd () () () (O
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5.12 Harmonic Distortion Effects (cont.)

Table: Distortion level of 10%
QOutput Shift (% of Output Span)

Supply Max. -shift Max. +shift Max. -shift Max. +shift
harmonic at 0% input at 0% input at 100% input at 100% input
None Ref. Ref. Ref. Ref.
2nd () () () ()
3rd () () () ()
4th () () () ()
5th ) () () )

5.13 Magnetic Field Effects

Table: ac-Magnetic field

Output Shift (% of Output Span)

Axis of Applied
Magnetic Field Zero Span
[ X ] () ()
LY| () ()
1 Z] () ()
de-Magnetic field
Axis of Applied Direction
Magnetic Field of Field Zero Span
| X | + () ()
[ X | - () ()
1Y + ) ()
Y] - () ()
[Z2) + () ()
[ Z] - () ()
5.14.1 Steady-state Supply Pressure Effects
Table: QOutput Shift (% of Output Span)
Supply Pressure Zero Span
(110% of reference) () ()
(Reference) Ref. Ref.
(85% of reference) () ()

5.14.2 Supply Pressure Interruptions

Statement: Interruption of the air supply for 1 minute caused a zero shift of ( )% of output span and a span shiftof ( )%
of output span with () minutes settling time within a band of { ).
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5.15 Static Pressure Effect

Table: (Use separate table for each span setting tested)

Span setting of () Output Shift (% of Output Span)

Static pressure

(% of max. working pressure) Zero M
25 { ¢ )
30 () )
h () ()
100 () )
75 (I ()
50 ) (]

o
oD O
_—
PG
~

5.16 Overrange Effects

Table: Single sided input device

Output Shift (% of Qutput Span)

Overrange sequence Zero Span
1st ) ()
2nd ) ()
3rd (O ()

Differential pressure device

Output Shift (% of Output Span)

Overrange sequence _Z_eﬂ Span
Lst to low side ) ﬁ
1st to high side () ()
2nd to low side () (]
2nd to high side () )
3rd to low side ) )
3rd to high side () ()

5.17 Signal Terminal Grounding

Table: QOutput Shift (% of Qutput Span)
Terminal grounded Zero Span
() () )
() () ()
) <
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5.18 Ambient Pressure Effects

Table: .
Ambient pressure Output Shift (% of Output Span)

kPa Zero Span
66 (] ()

101.3 Ref. Ref.

108 ) ()

6.1 Frequency Response

Figure 15 is a typical representation of the results obtained in frequency response testing.
6.3 Input Resistance

Statement: The input resistance was measured as ().

6.4 Dielectric Strength

Statement: The device meets the requirements of ANSI C39.5 for a test voltage of ( ).
6.5 Insulation Resistance

Statement: The insulation resistance was measured as ( ) M{) at a potential of ( ).
6.6 Leakage Current

Statement: The leakage current was measured as ( ) mA at a supply voltage of ().

6.7 Warmup Effects

Table:
Time after s 3
QOutput Shift (% of Output Span)
power on

(minutes) Zero Span

<1 Ref. Ref.

5 () t )

15 () )

60 (. ()

120 (. (.

6.8 Point Drift Figure 17 illustrates the preferred method of presentation of test results.

6.9 Power Consumption

Table: Frequency True Power Apparent Power
(Hz) (watts) (volt-amperes) Power Factor
50 () () (G
60 € ) ) (B

6.10 Output Ripple and Noise

Table:
Output Noise Output Ripple
Output Load Resistance (peak-to-peak (peak-to-peak
(% of span) Q) % of span) % of span)
0 [Max.| () )
0 [Min.] () ('
100 [Max.] () € )
100 [Min.| () ()
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6.11 Air Consumption

Statement: The maximum air consumption (referenced to 101.3 kPa) was measured as () m3/h.
6.12  Pneumatic Delivery Capability and Pneumatic Exhaust Capability

Figure 22 illustrates the preferred method of presentation of test results,

6.13 Zero and Span Rangeability

Tables: Device with adjustments designed to compensate for manufacturing tolerances

Zero and Span rangeability (% of output span)

Zero CCW Zero CCW Zero CW Zero CW

Span CCW Span CW Span CCW Span CW
Output zero () « ) ) «)
Output span (O () ) ()

Device with adjustments designed to change input range
Test procedure was to set output and measure the input.

Zero and span rangeability (Input mV)

Zero CCW Zero CCW Zero CW Zero CW
Span CCW Span CW Span CCW Span CW
Input zero () ) () ()
Input span () () () ()
6.14  Alarm Lockup
Table: Nominal Alarm lockup
Input (%) (% of input spin_)
0 (]
50 )
100 )
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