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Special Notes

API publications necessarily address problems of a general nature. With respect to particular circumstances, local, 
state, and federal laws and regulations should be reviewed.

Neither API nor any of API’s employees, subcontractors, consultants, committees, or other assignees make any 
warranty or representation, either express or implied, with respect to the accuracy, completeness, or usefulness of the 
information contained herein, or assume any liability or responsibility for any use, or the results of such use, of any 
information or process disclosed in this publication. Neither API nor any of API’s employees, subcontractors, 
consultants, or other assignees represent that use of this publication would not infringe upon privately owned rights.

Classified areas may vary depending on the location, conditions, equipment, and substances involved in any given 
situation. Users of this Manual of Petroleum Measurement Standards should consult with the appropriate authorities 
having jurisdiction.

Users of this Manual of Petroleum Measurement Standards should not rely exclusively on the information contained 
in this document. Sound business, scientific, engineering, and safety judgment should be used in employing the 
information contained therein.

API publications may be used by anyone desiring to do so. Every effort has been made by the Institute to ensure the 
accuracy and reliability of the data contained in them; however, the Institute makes no representation, warranty, or 
guarantee in connection with this publication and hereby expressly disclaims any liability or responsibility for loss or 
damage resulting from its use or for the violation of any authorities having jurisdiction with which this publication may 
conflict.

API publications are published to facilitate the broad availability of proven, sound engineering and operating 
practices. These publications are not intended to obviate the need for applying sound engineering judgment 
regarding when and where these publications should be utilized. The formulation and publication of API publications 
is not intended in any way to inhibit anyone from using any other practices.

Any manufacturer marking equipment or materials in conformance with the marking requirements of an API standard 
is solely responsible for complying with all the applicable requirements of that standard. API does not represent, 
warrant, or guarantee that such products do in fact conform to the applicable API standard.

All rights reserved. No part of this work may be reproduced, translated, stored in a retrieval system, or transmitted by any means, 
electronic, mechanical, photocopying, recording, or otherwise, without prior written permission from the publisher. Contact the 

Publisher, API Publishing Services, 200 Massachusetts Avenue, NW, Washington, DC 20001.

Copyright © 2018 American Petroleum Institute
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Foreword

Nothing contained in any API publication is to be construed as granting any right, by implication or otherwise, for the 
manufacture, sale, or use of any method, apparatus, or product covered by letters patent. Neither should anything 
contained in the publication be construed as insuring anyone against liability for infringement of letters patent.

The verbal forms used to express the provisions in this document are as follows.

Shall: As used in a standard, “shall” denotes a minimum requirement in order to conform to the standard.

Should: As used in a standard, “should” denotes a recommendation or that which is advised but not required in order 
to conform to the standard.

May: As used in a standard, “may” denotes a course of action permissible within the limits of a standard.

Can: As used in a standard, “can” denotes a statement of possibility or capability.

This document was produced under API standardization procedures that ensure appropriate notification and 
participation in the developmental process and is designated as an API standard. Questions concerning the 
interpretation of the content of this publication or comments and questions concerning the procedures under which 
this publication was developed should be directed in writing to the Director of Standards, American Petroleum 
Institute, 200 Massachusetts Avenue, NW, Washington, DC 20001. Requests for permission to reproduce or 
translate all or any part of the material published herein should also be addressed to the director.

Generally, API standards are reviewed and revised, reaffirmed, or withdrawn at least every five years. A one-time 
extension of up to two years may be added to this review cycle. Status of the publication can be ascertained from the 
API Standards Department, telephone (202) 682-8000. A catalog of API publications and materials is published 
annually by API, 200 Massachusetts Avenue, NW, Washington, DC 20001.

Suggested revisions are invited and should be submitted to the Standards Department, API, 200 Massachusetts 
Avenue, NW, Washington, DC 20001, standards@api.org.
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Introduction

This document defines the testing protocol and reporting protocols for families of devices used to measure differential 
pressure, pressure, and temperature for the purpose of determining flow rates for hydrocarbon fluids. This testing 
protocol is designed to supply industry with capabilities of these devices that can be compared when they are used 
under similar operating conditions. The objectives of this testing protocol are to: 

a) Ensure that the user of any differential pressure, pressure, and temperature device knows its performance
characteristics under the prescribed Chapter 22.4 testing conditions (units should only be compared when tested
at the same time),

b) Facilitate both the understanding and the introduction of new technologies,

c) Provide information about relative performance characteristics of the differential pressure, pressure, and
temperature devices under standardized API 22.4 testing protocol, and

d) Provide a standardized process for reporting transmitter API 22.4 tested performance.

To accomplish these objectives, this testing protocol defines the test limits for operating conditions of the devices, the 
requirements of the facility or facilities to perform the tests and encompasses any device capable of measuring 
differential pressure, pressure, and temperature.

vi
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Testing Protocol for Pressure, Differential Pressure, 
and Temperature Measuring Devices

1 Scope 

This testing protocol documents the method for testing the performance characteristics specific to pressure, 
differential pressure, and temperature sensors and transmitters used in petroleum measurement. The testing protocol 
includes a listing of parameters affecting the performance of the devices, a description of the tests required, 
requirements for the test facility, a data reporting format, and an uncertainty determination methodology.

2 Normative References

The following referenced documents are indispensable for the application of this document. For dated references, 
only the edition cited applies. For undated references, the latest edition of the referenced document (including any 
amendments) applies. 

ISO/IEC 17025:2005, General requirements for the competence of testing and calibration laboratories

IEC 60770-2: 2010, Transmitters for use in industrial-process control systems—Part 2: Methods for inspection and 
routine testing

ISO/IEC Guide 98-3 (GUM:1995): 2008, Uncertainty of measurement—Part 3: Guide to the expression of uncertainty 
in measurement

3 Terms and Definitions 

3.1
Hysteresis
The difference between the indications of a measuring instrument when the same value of the quantity measured is 
reached by increasing or decreasing the quantity. 

3.2
API 22.4 baseline accuracy 
A measure of the accuracy at a near ambient temperature determined by the testing procedure defined in this 
document. The API 22.4 baseline accuracy is calculated from the combination of the linearity, hysteresis and 
repeatability data calculations. API 22.4 baseline accuracy is used to compare the result to other transmitters tested 
at the same time and is also used in the calculation of influence factor effects. 

3.3
Analog signal
A signal that varies continuously in amplitude rather than in discrete steps.

3.4
Digital signal
A signal that varies in discrete steps rather than continuously.

3.5
Dp pressure limit
The maximum working pressure that can be applied to one side of a differential pressure device as defined by the 
manufacturer.
1
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3.6
Linearity
The degree to which a response function describing the input-output relationship between a measured quantity and 
the signal produced by the measuring device can be described by a straight line. 

3.7
Rangeability
The capability of a measuring device to measure between a minimum and maximum input within an acceptable 
tolerance. Rangeability is generally expressed as the ratio of the maximum to the minimum.

3.8
Repeatability
Measure of the agreement between the results of successive measurements of the same variable carried out by the 
same method, with the same instrument, at the same location, and within a short period of time. 

3.9
Uncertainty (of measurement)
The amount by which an observed or calculated value may depart from the true value. 

3.10
Zero Measurand Output 
Zero
The signal of a sensor with zero measurand applied. 

3.11
Slope 
The ratio of the output signal to the measured variable between the zero value and the span value of a transmitter.

4 Field of Application

The field of application for this testing protocol is limited to devices that are used in the measurement of hydrocarbon 
fluids in the petroleum, energy, and petrochemical industries. 

5 Parameter Variations Affecting Device Performance

5.1 API 22.4 Baseline Tests

In order to identify the performance changes resulting from changes in the operating condition, the baseline test is 
required, see 6.4. The following measures of performance are calculated from the baseline test:    

— Accuracy

— Linearity

— Repeatability

— Hysteresis
cument details: API MPMS 22.4 2018 (2022)
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5.2 Influence Testing

Influence testing quantifies the environmental effect and the dynamic performance of pressure, differential pressure, 
and temperature measuring devices including:

— Ambient Operating Temperature Influence

— Pressure Operating Influence on Differential Pressure Transmitter Maximum Pressure/Differential Pressure 
Testing

— Pressure Maximum Operating Pressure for Pressure Transmitter

— Pressure Maximum Operating Pressure for Differential Pressure Transmitter

— Differential Pressure Maximum Operating Differential Pressure for Differential Pressure Transmitter

5.3 Special Testing

Special testing quantifies the effect of external mechanical and electrical conditions that may affect the performance 
of pressure, differential pressure, and temperature measuring devices. These tests are covered in 6.6.

6 Tests

The following sections describe API 22.4 testing requirements for pressure, differential pressure, and temperature 
transmitters. Test applicability is indicated in the test name and in Table 1. 

Table 1—Matrix of API 22.4 Testing Requirements for Transmitters

Baseline and Non-ideal Condition Testing Requirements
Device Type

Pressure Differential
Pressure Temperature

6.4.1 API 22.4 Baseline Accuracy Required Required N/A

6.4.2 API 22.4 Temperature Transmitter Testing N/A N/A Required

6.5.1 Ambient Operating Temperature Influence—Zero and Slope Required Required N/A

6.5.2 Day/Night Cycle Test—Pressure and Differential Pressure Required Required N/A

6.5.3 Pressure Operating Effect on Differential Pressure Transmitter N/A Required N/A

6.5.4 Pressure and Differential Maximum Operating Pressure Testing Required Required N/A

6.1 Test Conditions

Written testing procedures should be developed and agreed to by the party requesting the test and the test facility 
prior to the start of any testing. The sequence of tests should be considered and any tests that can alter device 
performance should be completed last. All deviations from written procedures or standards shall be documented.

Care should be taken to ensure that influence factors not being tested are held as constant as possible to minimize 
their effect on the test results. Influence parameters shall be maintained per IEC 60770-2, Section 5.1. The major 
influence factors are ambient temperature, pressure, and humidity. Care should also be taken to eliminate or 
minimize the factors listed in 6.6. The average operating value and range of temperature, relative humidity and 
atmospheric pressure of the tests shall be measured and reported.
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If a transmitter is tested for both digital and analog outputs, the tests may be performed simultaneously, but shall be 
reported separately. If the digital protocol provides an indication of the analog output for a given input, this should be 
used in addition to an actual analog output measurement. See Section 7 for test facility and test equipment 
requirements.

6.2 Transmitter and Data Acquisition Conditioning and Installation

Unless otherwise noted in the individual test requirements, the transmitter shall be installed and adjusted (mounting 
position, etc.) based on the manufacturer’s installation and commissioning procedures. Figure 1 shows typical test 
setups for transmitters with digital or analog outputs, or a combination thereof. 

Figure 1—Typical Test Installation for Digital and Analog Output Transmitters

Digital Output
Transmitter

Control and 
Data Acquisition

Process
Reference
Standard

Control

Transmitter
Digital Output

Transmitter
Analog
Output

(if available)Process
Input

(may also 
include

an analog 
output)

Analog Output
Transmitter

Control and 
Data AcquisitionControl

Transmitter
Analog
Output

Process
Input

Process
Reference
Standard

The transmitter shall be preconditioned by:

a) Placing the transmitter in the environment and under the conditions it will be tested (e.g. with the covers removed) 
for at least 24 hours. 

b) Powering up the transmitter for at least one hour prior to testing.

c) Cycling the transmitter (differential and pressure transmitters only) over the range it will be tested as specified in 
6.4.1, a minimum of three times.

d) Adjusting the transmitter by (differential and pressure transmitters only):

1) Adjusting the zero of the transmitter.

2) Adjusting the slope trim per Annex D if the device has not been factory calibrated. 

For a bi-directional differential pressure transmitter, each direction shall be treated as a separate device for the 
purposes of this testing.

The transmitter filters and damping adjustments shall be set for minimum effect per manufacturers’ recommendation. 
Tapping of the transmitter during testing or evaluation is not allowed and the transmitter installation shall minimize the 
transfer of vibrations and mechanical shock.

It is important to use measured atmospheric pressure when testing gauge pressure transmitters with absolute 
pressure reference standards. Changes in weather can cause atmospheric pressure differences up to ±0.5 psi 
(3.45 kPa) which at a 10 psia (68.95 kPa) operating pressure could result up to a 5 % error if an assumed 
atmospheric pressure is used. 
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 6.4.1.1 API 22.4 Baseline Accuracy Calculation

API 22.4 Baseline Accuracy shall be calculated for each required test point in Table 2 as root mean square of linearity 
and the maximum repeatability and hysteresis values:

(1)

(See Annex B.1 for an example of linearity, hysteresis, repeatability, and API 22.4 Baseline Accuracy calculations.) 

 6.4.1.2 Linearity Calculation

Linearity shall be calculated for each test point in Table 2 as the average of all test upscale and downscale values:

Consideration should be given to record the atmospheric pressure at hourly intervals during any of the testing 
processes.

6.3 Test Data and Calculated Results

All test data, calculated test results, and anomalies shall be recorded along with approximate start and end times of 
the test. The test operator shall calculate and report the results as described in 6.4, 6.5, and 9. Examples for all of the 
calculations can be found in Annex B.

There are two ways to view the test results:

1) An individual device could be tested and the performance viewed/studied.

2) Multiple devices can be compared using the results of this protocol, but only if the testing was performed
simultaneously and under the same conditions.

The performance of an individual device shall not be compared to another device tested to this protocol that was not 
tested at the same time and under the same conditions. 

6.4 API 22.4 Baseline Testing

6.4.1 API 22.4 Baseline Accuracy 

API 22.4 Baseline Accuracy is the combination of linearity, repeatability, and hysteresis.

Testing requires a minimum of three upscale/downscale test cycles for the test points shown in Table 2. To determine 
hysteresis ensure the test points are not under or over shot. Additional test points may be added.

Table 2—Minimum Required Test Points

Test Points (% of Maximum Test Value)

 0% – 2% – 4% – 6% – 8% – 10% – 20% – 40% – 60% – 80% – 100%

Linearity  DUT Ref–
Number of  Test Points
-------------------------------------------------------------= (2)

(See Annex B.1.1 for an example of linearity calculations.)
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6.4.1.3 Repeatability Calculation

Repeatability shall be calculated for each test point in Table 2 as the maximum minus the minimum of all repeat test 
upscale and downscale values:

(3)

Due to the limited number of test points, the transmitter repeatability error shall be reported as the maximum of these 
calculated values. (See Annex B.1.2 for an example of repeatability calculations.) 

6.4.1.4 Hysteresis Calculation

Hysteresis shall be calculated for each test point in Table 2 as the maximum downscale minus upscale value of each 
repeat test:

(4)

Due to the limited number of test points the transmitter hysteresis shall be reported as the maximum of these 
calculated values. (See Annex B.1.3 for an example of hysteresis calculations.) 

6.4.2 Temperature Transmitter Testing

Performance of the temperature measurement in an Electronic Flow Measurement (EFM) system is dependent on 
two factors: 1) the performance of the temperature sensor (typically a Resistance Temperature Detector (RTD)), and 
2) the performance of the sensor to temperature conversion electronics of either the EFM or the temperature
transmitter.

RTD sensors are manufactured to specific tolerances based on their performance classification. For example, Class 
A and Class B RTDs have the following manufacturing tolerance:

(5)

where 

T oF
is the absolute value of temperature T oF

 in °F;

T oC
is the absolute value of temperature T oC

 in °C;

T oF
is the Maximum temperature error at temperature T oF

;

T oC
is the Maximum temperature error at temperature T oC

.

NOTE 1  For RTD sensor measuring electronics that are calibrated to a precision input resistance source, this manufacturing 
specification can be used to estimate the additional temperature performance uncertainty of the RTD. For example, a Class B RTD 
operating at 68 °F (20 °C) will add approximately 0.7 °F (0.4 °C) temperature measurement uncertainty to the measuring 
electronics uncertainty. A Class A RTD will have approximately half the uncertainty of a Class B RTD.

NOTE 2  To minimize the impact of sensor uncertainty, the sensor can be characterized and the characterized sensor used 
during calibration of the EFM/transmitter electronics.

The measuring electronics shall be calibrated prior to the start of testing and the combined performance of the input 
(RTD or other) sensor through to the output of the measuring electronics shall be tested at four ambient temperatures 
and the test temperatures shown in Table 3. If the temperature difference is within the appropriate Class specification, 
cument details: API MPMS 22.4 2018 (2022)

http://www.avadocuments.com/doc/api-mpms-22-4-2018-2022
http://www.avadocuments.com/doc/api-mpms-22-4-2018-2022


TESTING PROTOCOL FOR PRESSURE, DIFFERENTIAL PRESSURE, AND TEMPERATURE MEASURING DEVICES 7

Full docu
the uncertainty of the Class as stated in Equation (5) may be utilized. If the temperature difference is outside the 
appropriate Class specification, the manufacturer should be contacted to determine the cause of the discrepancy.

The electronics shall be allowed to stabilize at the ambient temperature prescribed for each test at a minimum of one 
hour prior to commencing. The RTD/Sensor temperature shall be calculated from the reference standard temperature 
if a characterized sensor is used. The temperature difference shall be calculated from the RTD/Sensor temperature, if 
available.

Table 3—Electronics Ambient Temperature and Sensor Temperature Test Points 

1. Baseline Test—Electronics Ambient Temperature Approximately 70 °F/21 °C

Test Temperature Temperature of 
Reference Standard

RTD/Sensor 
Characterized 
Temperature 
(If Available)

EFM/
Transmitter 

Reading
Temperature 
Difference

Class A 
Spec

Class B 
Spec

°F/°C °F/°C °F/°C °F/°C °F/°C °F/°C

0 °F/–18 °C

32 °F/0 °C

68 °F/20 °C

104 °F/40 °C

140 °F/60 °C

2. Hot Test—Electronics Ambient Temperature Approximately 140 °F/60 °C

Test Temperature Temperature of 
Reference Standard

RTD/Sensor 
Characterized 
Temperature 
(If Available)

EFM/
Transmitter 

Reading
Temperature 
Difference

Class A 
Spec

Class B 
Spec

°F/°C °F/°C °F/°C °F/°C °F/°C °F/°C

32 °F/0 °C

68 °F/20 °C

104 °F/40 °C

3. Cold Test—Electronics Ambient Temperature Approximately 40 °F/40 °C

Test Temperature Temperature of 
Reference Standard

RTD/Sensor 
Characterized 
Temperature 
(If Available)

EFM/
Transmitter 

Reading
Temperature 
Difference

Class A 
Spec

Class B 
Spec

°F/°C °F/°C °F/°C °F/°C °F/°C °F/°C

32 °F/0 °C

68 °F/20 °C

104 °F/40 °C

4. Baseline Repeat—Electronics Ambient Temperature Approximately 70 °F/21 °C

Test Temperature Temperature of 
Reference Standard

RTD/Sensor 
Characterized 
Temperature
(If Available)

EFM/
Transmitter 

Reading
Temperature 
Difference

Class A 
Spec

Class B 
Spec

°F/°C °F/°C °F/°C °F/°C °F/°C °F/°C

0 °F/–18 °C

32 °F/0 °C

68 °F/20 °C

104 °F/40 °C

140 °F/60 °C
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