INTERNATIONAL ISO
STANDARD 19819

First edition
2004-08-01

Metallic materials — Tensile testing
in liquid helium

Matériaux métalliques — Essai de traction dans I'hélium liquide

e Reference number
= — ISO 19819:2004(E)

©1S0 2004



ISO 19819:2004(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

© 1S0O 2004

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20

Tel. +412274901 11

Fax +41 22749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

i © ISO 2004 — All rights reserved



ISO 19819:2004(E)

Contents Page
0T =NV o iv
L e Yo 11T o2 oY o v
1 Scope..A .............................................................................................................................................. 1
2 Normati L= = Lo 1
3 Terms and&finitions ........................................................................................................................... 1
4 Symbols and Lo LB 11T 4 K= PSSP 2
5 Principle.............. O ............................................................................................................................... 3
6 Apparatus.............. O ......................................................................................................................... 4
6.1 Testing machine......).% ....................................................................................................................... 4
6.2 Cryostats and suppo E= L= 10 P 5
6.3  Liquid-level indicators...@ ................................................................................................................ 5
6.4 Extensometer .................... /;., ........................................................................................................... 5
7 Specimens .........cccceeieennenn. .{S\ .......................................................................................................... 6
71 General.......ccciiiiiicceeeees @ ...................................................................................................... 6
7.2 Standard round bar SPECIMEN ... 7...........oooii s ss e e n e e e e e nnn e e e e nnnnn 6
7.3 Alternatives.........ccoorerrienenennee. .@ ................................................................................................. 6
7.4 Sub-size specimens........cccceeereemnnne. 7o 6
7.5 SF=10 0] o1 15T PRI =<7 PSSR 6
8 Test conditions.........cccciiiiiiciicennnnines /.® ..................................................................................... 7
8.1 Specimen installation ..........ccccoeecvrccereee & ................................................................................ 7
8.2 L0 o T o] [T T I o o T = o 11 4 - 7
8.3 Rate of testing .......cccocccrriiiiiininnc (Q ............................................................................ 7
9 Procedure..........ccoooiiiiiiiiccme e Q ........................................................................ 8
9.1 Determination of original cross-sectional area (Sg) fuc. -« s-eesersrrsrrsmnsrsinseninse e 8
9.2 Marking of the original gauge length (L) Q‘\ ................................................................. 8
9.3 Determination of percentage elongation after fracture @ ........................................................... 9
9.4 Determination of the 0,2 % proof strength, non-proportic@extension (Rp0,2)-+smesseseneasencanennnss 9
9.5 Discontinuous yielding strength (R;) ........ccocvvniiiininiinnnnat O‘ ..................................................... 9
9.6 Tensile strength (Rpy)....ccocvccrrmnmninisisissssss s é .................................................. 9
9.7 Reduction of area (2) é ............................................... 9
10 L5238 C=1 e PR S SO PRTRPR 9
Annex A (informative) Examples of specimens for tensile testing in liquid hénrn ................................ 10
(=10 [TeTe T ] 4 )72 URRPRURRRRRRRTT N 1 12

© ISO 2004 — Al rights reserved iii



ISO 19819:2004(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right$o be represented on that committee. International organizations, governmental and
non-governmental, in #Maigon with ISO, also take part in the work. ISO collaborates closely with the
International Electrotechfiigt)«Commission (IEC) on all matters of electrotechnical standardization.

International Standards aregr’wj in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of technical co ees is to prepare International Standards. Draft International Standards
adopted by the technical comm s are circulated to the member bodies for voting. Publication as an
International Standard requires app é:)y at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility tha

Qne of the elements of this document may be the subject of patent
rights. ISO shall not be held responsible fo

ogegltifying any or all such patent rights.

ISO 19819 was prepared by Technical Com e ISO/TC 164, Mechanical testing of metals, Subcommittee
SC 1, Uniaxial testing.
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Introduction

The force-time and force-extension records for alloys tested in liquid helium using displacement control are

serrated. Serrations are formed by repeated bursts of unstable plastic flow and arrests. The unstable plastic

flow (discontinuous yielding) is a free-running process occurring in localized regions of the parallel length at

higher rates tharynominal strain rates with internal specimen heating. Examples of serrated stress-strain
p%ustenitic stainless steel with discontinuous yielding are shown in Figure 1.
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Figure 1 — Example of typical stress-strain curves and specimen temperm histories at four
different nominal strain rates, for AISI 304L stainless steel tested in liquid helium

A constant specimen temperature cannot be maintained at all times during testing in liquid helium. Due to
adiabatic heating, the specimen temperature at local regions in the parallel length rises temporarily above 4 K
during each discontinuous yielding event (see Figure 1). The number of events and the magnitude of the
associated force drops are a function of the material composition and other factors such as specimen size and
test speed. Altering the mechanical test variables can change the type of serration but not eliminate the
discontinuous vyielding, therefore, tensile property measurements of alloys in liquid helium (especially tensile
strength, elongation and reduction of area) may lack the usual significance of property measurements at room
temperature where deformation is nearly isothermal, and discontinuous yielding typically does not occur.
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The stress-strain response of a material tested in liquid helium depends on whether force control or
displacement control is used. Displacement control is specified in this International Standard since the goal is
material characterization by conventional methods. The possibility of a different and less favourable material
response shall be taken into account when data are used for design in actual applications subject to force-
controlled conditions.

Vi © ISO 2004 — All rights reserved
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Metallic materials — Tensile testing in liquid helium

1 Scope )\

This Internationa%dard specifies the method of tensile testing of metallic materials in liquid helium (boiling
point at — 269 °C or\®2 K, designated as 4 K) and defines the mechanical properties that can be determined.

This International Stan @ may also apply to tensile testing at cryogenic temperatures (less than — 196 °C or
77 K), which requires sp@l apparatus, smaller specimens, and concern for serrated yielding, adiabatic
heating and strain rate effeo{g

cryostat is fully submerged in liq lium (He) and tested using displacement control at a nominal strain rate

To conduct a tensile test at 4@ accordance with this International Standard, the specimen installed in a
of 10-3 s~ 1 or less. Tests using fci‘%&)rltrol or higher strain rates are not considered.

&

2 Normative references (9

ensable for the application of this document. For dated
ndated references, the latest edition of the referenced

*

4

ISO 7500-1:—1), Metallic materials — Verification Offgtatic uniaxial testing machines — Part 1: Tension/
compression testing machines — Verification and calibfation of the force-measuring system

The following referenced documents are i
references, only the edition cited applies. F
document (including any amendments) applies.

ISO 9513:1999, Metallic materials — Calibration of exten o@ters used in uniaxial testing
ISO 15579, Metallic materials — Tensile testing at low tempera@;ﬁ
For the purpose of this document, the terms and definitions given in ISO 1@9 and the following apply.

A

adiabatic heating
internal heating of a specimen resulting from deformation under conditions sucr%t’the heat generated by

3 Terms and definitions

31

plastic work cannot be quickly dissipated to the surrounding cryogen

3.2

axial strain

average of the longitudinal strains measured at opposite or equally-spaced surface locations on the sides of
the longitudinal axis of symmetry of the specimen

NOTE The longitudinal strains are measured using two or more strain-sensing transducers located at the mid-length
of the parallel length.

1) To be published. (Revision of ISO 7500-1:1999)
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