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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 to be represented on that committee. International 
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work. 
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of 
electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are 
described in the ISO/IEC Directives, Part 1.  In particular the different approval criteria needed for the 
different types of ISO documents should be noted.  This document was drafted in accordance with the 
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).  

Attention is drawn to the possibility that some of the elements of this document may be the subject of 
patent rights. ISO shall not be held responsible for identifying any or all such patent rights.  Details of 
any patent rights identified during the development of the document will be in the Introduction and/or 
on the ISO list of patent declarations received (see www.iso.org/patents). 

Any trade name used in this document is information given for the convenience of users and does not 
constitute an endorsement.

For an explanation on the meaning of ISO specific terms and expressions related to conformity 
assessment, as well as information about ISO’s adherence to the WTO principles in the Technical Barriers 
to Trade (TBT) see the following URL:  Foreword - Supplementary information

The committee responsible for this document is ISO/TC 206, Fine ceramics.
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INTERNATIONAL STANDARD ISO 17161:2014(E)

Fine ceramics (advanced ceramics, advanced technical 
ceramics) — Ceramic composites — Determination of the 
degree of misalignment in uniaxial mechanical tests

1 Scope

This International Standard describes a procedure

— to verify the degree of misalignment of the load train of the test machines using a reference test 
specimen uniformly loaded in tension or in compression, and

— to give indications in order to correct defects such as torsion and bending.

This International Standard is not intended to provide a quantitative and acceptable limit before the 
testing of ceramic matrix composites with a fibre reinforcement: unidirectional (1D), bidirectional 
(2D), and tridirectional (xD, with 2 < x ≤ 3) loaded along one principal axis of reinforcement. This limit 
depends on the sensitivity of each type of composite to the misalignment defect.

NOTE 1 This limit is to be defined between the testing establishment and the customer.

NOTE 2 Monolithic ceramics are very sensitive to misalignment defects while CMCs (ceramic matrix composite) 
in general are moderately sensitive to them.

2 Normative references

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

ISO 3611, Geometrical product specifications (GPS) — Dimensional measuring equipment: Micrometers for 
external measurements — Design and metrological characteristics

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

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

CEN/TR 13233:2007, Advanced technical ceramics — Notations and symbols (to be replaced by future 
ISO NP 19634)

3	 Terms	and	definitions

For the purposes of this document, the terms and definitions given in CEN/TR 13233:2007 (to be replaced 
by future ISO NP 19634) and the following apply.

3.1 General

3.1.1
calibrated length
l
part of the reference test specimen which has a uniform and minimum cross-section area
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3.1.2
width
b
width of the reference test specimen in the calibrated length

3.1.3
thickness
h
thickness of the reference test specimen in the calibrated length

3.2 Type of defects

3.2.1
C-type magnitude
θ
angle between the loading axis of each of the two grips

Note 1 to entry: See Figure 1.

3.2.2
S-type magnitude
d
distance between the loading axis when they are parallel

Note 1 to entry: See Figure 2.

3.2.3
torsion defect magnitude
ϕ
angle between the gripping planes

Note 1 to entry: See Figure 3.

4 Principle

A rectangular cross section of a reference test specimen (Clause 7) equipped with 10 strain gauges is 
loaded in tension or in compression, up to a load corresponding to 10 % of the nominal load capacity of 
the load cell used for the tests of CMCs. The stress corresponding to this value shall not exceed 50 % of 
the elasticity limit of the material used for the reference test specimen. The readings obtained from the 
strain gauges bonded on the calibrated length of the reference test specimen allow the determination 
of the degree of misalignment.

The positioning of strain gauges is such that it indicates the magnitude of defects. These magnitudes 
allow the correction, in a practical manner, of the different types of defects:

— bending defects, either C (Figure 1) or S (Figure 2);

— torsion (Figure 3).

The indications for correction are obtained by comparing the experimental readings of the strain gauges 
to values from charts established from numerical simulations.
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Figure 1 — C defect magnitude
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Figure 2 — S defect magnitude
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Figure 3 — Torsion defect magnitude

5 Apparatus

5.1 Test machine

The configuration of the test machine, including the load train and load cell, shall be identical to the test 
machine used for the tests on the CMCs and shall be in accordance with ISO 7500-1.
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5.2 Load train

The load train configuration shall ensure that the load indicated by the load cell and the load experienced 
by the test specimen are the same.

The grip design shall prevent the test specimen from slipping. The choice of gripping system will depend 
on material, on test specimen design, and on alignment requirements.

5.3 Strain gauges

The principle of this method requires the use of strain gauges with an active surface equal to or smaller 
than 4 × 2,5 mm2.

Furthermore, the distance between the edge of the test reference specimen and the longitudinal axis of 
the strain gauge shall be such as to avoid edge effects. A minimum distance of 2 mm is required.

Care shall be taken to ensure that the strain gauge readings are not influenced by the surface preparation 
and the adhesive used.

5.4 Data recording system

A calibrated recorder can be used to record load/strain curves. The use of a data recording system 
combined with an analogue recorder is recommended.

All strain measuring equipment and data acquisition systems shall be calibrated as appropriate. 
Typically they shall have an accuracy to within ±0,5 % of indicated reading or ±3 microstrain, whichever 
is greater, and a resolution of 1 microstrain.

5.5 Micrometers

Micrometers used for the measurement of the dimensions of the reference test specimen shall be in 
accordance with ISO 3611.

6 Reference test specimens

The degree of misalignment of the load train of the test machine is verified by performing tests at room 
temperature with the following reference test specimen:

— dimensions: see Figure 4 and Table 1;

— material: steel ISO reference;

— location of the strain gauges: see Figure 4.

If another reference test specimen is used, it is necessary to establish a new series of charts.

Plan parallelism of the faces: ±0,02 mm.

Dimensions of the strain gauges, in millimetres: 

2,5
4.
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Dimensions in millimetres
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NOTE 1 Gauge n° 5 is a rosette allowing measurements of strains parallel to 1 and to ±45°.

NOTE 2 Keys a and c indicate each surface.

Figure 4 — Dimensions of the reference test specimen and location of the strain gauges
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