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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 APl 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,.oi
any information or process disclosed in this publication. Neither API nor any of API's employees, subcontractor:,
consultants, or other assignees represent that use of this publication would not infringe upon privately owred rights.

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

API publications are published to facilitate the broad availability of proven, sound engineeriri* and operating practices.
These publications are not intended to obviate the need for applying sound engineerina julornent regarding when and
where these publications should be used. The formulation and publication of APi :.ubli :ations is not intended in any
way to inhibit anyone from using any other practices.

Any manufacturer marking equipment or materials in conformance with the n. rking requirements of an AP| standard
is solely responsible for complying with all the applicable requiremen's of.that standard. APl does not represent,
warrant, or guarantee that such products do in fact conform to the apy licaz!c API standard.

Classified areas may vary depending on the location, conditio’is, equipment, and substances involved in any given
situation. Users of this document should consult with the approp.i=*e authorities having jurisdiction.

Users of this document should not rely exclusively on the information contained in this document. Sound business,
scientific, engineering, and safety judgment should *xe vse in employing the information contained herein.

Al 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, Suite 1100, Washington, DC 20001-5571.
Copyright © 2024 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.

Suggested revisions are invited and should be submitted to the Standards Department, API, 200 Massachuseis
Avenue NW, Suite 1100, Washington, DC 20001; standards@api.org.
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Properties of Metals and Alloys for Use in Measurement Equipment
1 Scope

This report consolidates the industry available data for the thermal expansion coefficients and the modulus of
elasticity of the typical metals used in the APl MPMS suite of documents. This document does not develop or
calculate any of these properties.

2 Normative References

This document contains no normative references.
3 Terms, Definitions, and Symbols

3.1 Terms and Definitions
For the purposes of this document, the following definitions apply.

311

area thermal expansion (a,)

The change in area per unit area resulting from a temperature change. Area *hermal expansion is represented
by AA/ A,, where AA is the area change of the specimen (A, — A,) end A and A, are the specimens’ area
at reference temperature T, and test temperature T,, respectively. ,'r:2.axpansion is often expressed as a
percentage or in parts per million (such as mm?/m? or 10~ m?/n?)

3.1.2

coefficient of thermal expansion (a)

The coefficient of thermal expansion is the relative amount »v which the density of a material changes, per degree,
due to a change in temperature. It describes how the size of an object changes with a change in temperature.
Specifically, it measures the fractional change in si. e per degree change in temperature at a constant pressure,
such that lower coefficients describe lower propeasity for change in size. Several types of coefficients have been
developed: volumetric, area, and linear. The.~hcic > of coefficient depends on which dimensions are considered
important for the application.

The volumetric coefficient of thermal € ‘pai.sion coefficient is the most common thermal expansion coefficient,
and the most relevant for fluids. '» gen 2ral, substances expand or contract when their temperature changes,
with expansion or contraction «czuriing in all directions. Substances that expand at the same rate in every
direction are called isotropic. For isutropic materials, the area and volumetric thermal expansion coefficient are,
respectively, approximate:y twc and three times larger than the linear thermal expansion coefficient.

313

cubical thermal.i:xpansion (a,)

The change ir. vo.'me per unit volume resulting from a temperature change. Volume thermal expansion is
represented by A// V,, where AV'is the volume change of the specimen (V, -V,) and V_ and V, are the specimens’
volumes at reference temperature T and test temperature T,, respectively. Volume thermal expansion is often
expresseu 2 a percentage or in parts per million (such as cm3/m3 or 107 m3/m3).

214

dencity (o)

1. e density of a quantity of a homogeneous substance is the ratio of its mass to its volume. The density varies
as the temperature changes and is therefore generally expressed as the mass per unit of volume at a specified
temperature.
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