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PREFACE

This Standard was prepared by the Standards Australia Committee MT-006, Mechanical
Testing of Metals, to supersede AS 2193—2002, Calibration and classification of force-
measuring systems.

This Standard incorporates Amendment No. 1 (August 2006). The changes required by the
Amendment are indicated in the text by a marginal bar and amendment number against the
clause, note, table, figure or part thereof affected.

The objective of this revision is to introduce a specification for calibrating load rings and
similar force measuring devices.

During the preparation of this edition, cognizance was taken of the following Standards:

ISO

376 Metallic materials—Calibration of force-proving instruments used for the
verification of uniaxial testing machines

7500 Metallic materials—Verification of static uniaxial testing machines

7500-1  Part 1: Tension/compression testing machines—Verification and calibration of
the force-measuring system

ASTM

E74 Standard practice of calibration of working force standards for verifying the load
indication of testing machines

AS ISO/IEC

17025 General requirements for the competence of testing and calibration laboratories

ISO

GUM Guide to the Expression of Uncertainty in Measurement

The terms ‘normative’ and ‘informative’ have been used in this Standard to define the
application of the appendix to which they apply. A ‘normative’ appendix is an integral part
of a Standard, whereas an ‘informative’ appendix is only for information and guidance.



3 AS 2193—2005

CONTENTS
Page
FOREWORD ....cooiiiiii ettt ettt e 5
SECTION 1 SCOPE AND GENERAL
L1 SCOPE ..o 6
1.2 REFERENCED DOCUMENTS ..ottt 6
1.3 DEFINITIONS ...ttt ettt et e et esbae e 7

SECTION 2 REQUIREMENTS FOR THE CLASSIFICATION OF TESTING MACHINES
AND FORCE-MEASURING SYSTEMS

2.1 SCOPE OF SECTION ...ccuutiiiiiiiiiiiiiteneee ettt 11
2.2 REQUIREMENTS FOR CLASSIFICATION.......cooiiiiiiiiniieiieeeeeniee e 11
2.3 ASSESSMENT OF CALIBRATION....c..cciiiiiiiiiiiieeeeeneeeeeeec e 11
2.4 ASSIGNMENT OF CLASS. ... et 11

SECTION 3 CALIBRATION OF TESTING MACHINES AND FORCE-MEASURING

SYSTEMS

3.1 GENERAL ottt 12
3.2  METHODS OF FORCE CALIBRATION ......ccccciiiiiiiiiiiiieiet e 12
3.3 FORCE CALIBRATION PROCEDURE........ccccccociiiiiiiiiiiiic e 13
3.4 ASSESSMENT OF RESULTS OF FORCE CALIBRATION .....cccoocceiiimiiiiieineen. 16
3.5 CLASS OF FORCE SCALE ......cooiiiiiiit et 17
3.6  RECORD OF TEST RESULTS ...ttt 17
3.7 REPORT OF CALIBRATION .....ccocoiiiiiiiiiieiiieiit et 18
3.8 TIME INTERVAL BETWEEN CALIBRATIONS ..ottt 19
3.9 TEMPERATURE CORRECTIONS FOR ELASTIC

WORKING FORCE STANDARDS ...t 20

SECTION 4 CALIBRATION AND CLASSIFICATION OF WORKING FORCE

STANDARDS

4.1 SCOPE OF SECTION ..ottt ettt ettt et et 21
4.2 WEIGHTS ..ottt ettt e s 21
4.3 ELASTIC WORKING FORCE STANDARDS .....cccciiiiiiiniieieeeeceeceee e 21
4.4 CALIBRATION DATA MANIPULATION FOR ELASTIC

WORKING FORCE STANDARDS ...ttt 25
4.5 ASSESSMENT FOR CLASS ALLOCATION OF ELASTIC

WORKING FORCE STANDARDS ..ottt 29
4.6 REPORT .....oiiiii ettt et et st 29
4.7 TIME INTERVAL BETWEEN CALIBRATIONS .....ccccoiiiiiiiiiiiieneeerrec e 30

APPENDICES

A PURCHASING GUIDELINES ..ot 31
B NOTES ON THE RESPONSE OF THE FORCE-MEASURING

SYSTEM OF TESTING MACHINES .......cocoiiiiiiiiii et 32
C VALUES OF ACCELERATION DUE TO GRAVITY AT

SELECTED LOCALITIES IN AUSTRALIA......ccoiiiiiecrecc e 33
D EXPLANATORY NOTES FOR THE CALIBRATION OF

MULTIRANGE TESTING MACHINES.......ccoooiiii e 34

E EXAMPLE OF THE ESTIMATION OF UNCERTAINTY FOR
FORCE-MEASURING SYSTEMS ...cooiiiiiiiiieneeeceeeec et 35



AS 2193—2005 4

Page
F EXAMPLES OF CALCULATION OF DEFLECTIONS AND
THE ESTIMATION OF UNCERTAINTY FOR WORKING
FORCE STANDARDS ... .ot 39
G ALTERNATIVE METHOD FOR DETERMINING ERROR
AND REPEATABILITY ..ottt ettt e e e 45

H FORCE MEASURING SYSTEMS (SUCH AS LOAD RINGS)
WHICH ARE NOT AN INTEGRAL PART OF A TESTING
MACHINE AND READ IN ARBITARY UNITS ..o 46



5 AS 2193—2005

FOREWORD

Calibration of working force standards is performed in either primary or secondary force
standardizing machines by applying forces of known magnitude and uncertainty and
deriving a mathematical relationship between applied force and instrument readings. The
estimation of the uncertainty associated with this mathematical relationship is included in
the procedure.

Calibration of force-measuring systems comprises a comparison between indicated and
applied forces of known magnitude and uncertainty by means of suitable working force
standards.

Calibration includes an assessment of readability, repeatability and accuracy of the
indicated force, the assignment of class or classes and the issue of a report.

Force-measuring systems referred to in this Standard are those associated with force-testing
machines or any other machinery or instruments where force application is measured. In
the case of testing machines, they may be classified as tension or compression machines
depending on the mode of straining applied to the test piece. Some machines have provision
for more than one mode of straining.

It is necessary for machines and force-measuring systems to be maintained in good working
order and condition. Regular servicing is recommended, the frequency of the servicing
being dependent on the frequency and conditions of use. All force-measuring systems
should be calibrated periodically so that their results are reliable and consistent with those
obtained from other force-measuring systems. However, the test data obtained depend also
on the testing techniques used. It is important for users of this Standard to make reference
to the specified method of test and also to printed literature provided by manufacturers of
testing equipment.

Calibration authorities and force-measuring system users should note that the calibration
procedures specified in this Standard apply only to statically applied forces.

Special procedures, which are outside the scope of this Standard, should be followed for
dynamic calibration of force-measuring systems employing high rates of force application.
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SECTION 1 SCOPE AND GENERAL

1.1 SCOPE

This Standard specifies requirements for the static calibration of force-measuring
instruments and their classification as working force standards. It also specifies the
requirements for the static calibration of force-measuring systems of uniaxial testing
machines and other force-measuring systems used for measuring the strength and other
properties of materials, components, products and assemblies.

The Standard covers the following subjects:

(a) Classification requirements for force-measuring systems of testing machines and
other force-measuring systems.
(b)  Procedures for the calibration of force-measuring systems.
(c) Requirements for the calibration and the classification of working force standards
used for the verification of force-measuring systems.
NOTES:
1 Requirements for extensometers used in conjunction with tension and compression testing
machines are given in AS 1545.
2 Advice and recommendations on information necessary for the performance of calibration are

contained in the purchasing guidelines set out in Appendix A.

This Standard applies to testing machines and force-measuring systems which indicate in
terms of the SI unit of force, the newton (N), or in arbitrary units.

NOTE: Reference should be made to AS/NZS 1376 for the relationship between the newton and
technical units of force.

1.2 REFERENCED DOCUMENTS

The following documents are referred to in this Standard:

AS

1545 Methods for the calibration and grading of extensometers

2103 Dial gauges and dial test indicators (metric series)

2706 Numerical values—Rounding and interpretation of limiting values

3807 Vocabulary of basic and general terms in metrology

AS ISO/IEC

17025 General requirements for the competence of testing and calibration laboratories
AS/NZS

1376 Conversion factors

© Standards Australia

www.standards.org.au





