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TITOLO
Two new tensile devices for X-Ray diffraction experiments

PROBLEMATICA
Valutazione, mediante tecniche diffrattometriche, del campo
tensionale residuo in componenti strutturali

CONTESTO / MOTIVAZIONE
L'attività si inserisce nel quadro delle azioni condotte da CRAM
sulla tematica relativa allo sviluppo di sistemi applicativi per la
determinazione non distruttiva delle tensioni residue in componenti
strutturali saldati. In particolare il presente lavoro si colloca
nell'ambito di un'attività di ricerca volta alla determinazione
sperimentale delle costanti elastiche diffrattometriche medie utili
per valutare correttamente i valori delle sollecitazioni residue a
partire dai dati sperimentali.

OBIETTIVI
L'obiettivo di questo lavoro è lo sviluppo di un metodo sperimentale
per la valutazione delle costanti elastiche diffrattometriche medie e
la distanza interplanare in condizioni di sollecitazione nulla.

ATTIVITÀ' SVOLTA

Sono stati progettati e realizzati due sistemi di trazione adattabili a
due diffrattometri X al fine di eseguire misure diffrattometriche su
campioni sottoposti a carichi imposti.

J.



RISULTATI

Sono state eseguite delle prove preliminari con una delle due
apparecchiature. L'esito delle prove ha confermato la funzionalità
della apparecchiatura in oggetto. Sono attualmente in corso le
prove di funzionalità del secondo sistema di trazione.

PROSPETTIVE DI UTILIZZO
Entrambi i sistemi consentiranno di valutare sperimentalmente le
costanti elastiche diffrattometriche medie dei materiali costituenti i
campioni ed i componenti oggetto di misure delle tensioni residue
superficiali, mediante la diffrazione X.
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ABSTRACT

Two tensile devices were designed to be used with parallel beam and parafocusing-geometry
diffractometers. In the first case the device was designed to be attached to a STRAINFLEX
diffractometer by RIGAKU Inc., dedicated to stress analysis and commonly used in metallurgical
industry. Since the sample does not move during the measurement, the tensile device can be kept fixed
on the experimental table. The device design takes into account the steric hindrance by moving parts of
the diffractometer. The maximum load that can be applied to the sample is 60,000 N. An attachment to
a SIEMENS D5000 diffractometer with Eulerian cradle has also been designed for applying a load up
to 6,000 N to a sample in the parafocusing-geometry. The installation does not require a re-alignment
of the diffractometer. In both cases strain gages were applied to both sides of the specimen for the
simultaneous determination of the macroscopic strains. Experiments based on the use of these devices
are planned to determiisne the crystallographic elastic constants and study the influence of the
microstructure on the mechanical behaviour of residual stresses in the zone of almost static stresses as
well as the influence of residual stresses on uniaxially loaded samples. In addition, by using these
devices, it is possible to measure the unstressed do spacings providing useful information in the neutron
diffraction study of stress fields in steel samples.
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INTRODUCTION

The behaviour and the elastic properties of loaded specimens can be studied through X-ray diffraction
techniques. In particular, it is possible to:

determine the crystallographic elastic constants and the unstressed do spacing in
polycrystalline materials for engineering (e.g., steels, alloys).
study the under load behaviour of the interface between ceramic and metal materials.

The present contribution reports on the design and the realization of two tensile devices that can be
coupled with a SIEMENS D5000 four circles parafocusing-geometry diffractometer and with a
STRAINFLEX parallel beam diffractometer by Rigaku Inc.. Preliminary tests have already been
performed on the device dedicated to the STRAINFLEX diffractometer in order to optimize the design
and the device set-up. In particular, the hooking contrivances were optimized to have a proper match
with the diffractometer geometry and allow the use of flat-end specimens. The design improvement of



the second device was carried out to reduce as much as possible the weight and the size, to optimize the
alignment set-up and to avoid misalignment due to the loading process

ANALYSIS

Tensile device Cristel 1

With this apparatus (fig. 1) the samples were subjected to tensile external loads and a comparison
between the deformation measured with strain gages and those measured, at the same applied load, with
diffractometric methods was performed.

LOAD CELL. HYDRAOUC JACK
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Fig. 1. Cristel 1 Tensile Device

By means of a manual force pump, the oil was introduced in the jack up to a maximum load of 60 KN.
In order to measure the applied force, a load cell was placed between the jack and the rod that links the
device with the sample. The applied force can also be estimated by macroscopic deformation read on
strain gages once the macroscopic Young's modulus E of the tested material is known

The difference between the forces measured with the strain gages and those measured with the load cell
was 1.2 % of the applied load. In this sense, in the load cell working range (0 - 100 tons), a good
agreement between the measurements obtained with these different methods was found. Two " T " xy
11-1.5/120 HBM strain gages were mounted on the sample, one on each sample face, and connected to
each other. This connection reduced the influence of temperature and twisting or bending moments on
the measured deformation. The data coming from the load cell and from the strain gages were
simultaneously recorded by a 60-channels HBM station. The particular connection between the strain
gages and the HBM station and between the load cell and the station itself allowed to neglect the effect
of the electric wire length on the measured value. The samples were coupled to the tensile device with
two ball joints linked with the hooking contrivances. The tensile stress was transmitted from the hooking
contrivances to the specimens by a pin passing through the samples and the hooking contrivances too in



correspondence with proper holes. Moreover, in order to let the diffracted beam reach the detector, the
hooking encumbrance was reduced substituting a cylindrical geometry with a semicylindrical one.

Tensile device coupled with SIEMENS DSOOO four circles diffractometer
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Fig. 2 Sample-holder

This sample-holder can carry at the most a weight of 3 Kg. For this reason, to perform diffractometric
measurements on loaded samples with the D5000 diffractometer, a weight limited tensile device had to
be designed. The size and the shape of the tensile apparatus were tailored to prevent the device from
hitting some diffractometer parts. In addition the device contrivance was minimized to preserve the
focusing conditions of incident and diffracted beams as well as the conditions of sample alignment. For
the device realization C40 steel was employed. The device can take loads up to 700 Kg. Above this limit,
deformations inducing sample misalignment might occur. Requirements on the specimen shape and size
also apply. Namely, the specimen must be flat (for diffraction measurements on flat planes) and
sufficiently wide (for the strain gages application). Defocusing effects due to sample movements are
automatically corrected by the DSOOO diffractometer software, provided that flat specimens are used and
a correct alignment in the sample-holder is set.



CONCLUSIONS

Cristel 1 device, that was coupled with the STRAINFLEX parallel beam diffractometer by Rigaku Inc.,
allowed to determine the crystallographic elastic constants and unstressed do spacing in polycrystalline
materials. Particular attention was paid to steel, aluminum and Sb-Sn alloys specimens in order to check
the validity of a new model for diffractometric elastic constants determination [1]. The second device,
coupled with SIEMENS D5000 diffractometer, was designed to extend the detectable diffraction angle
to nearly grazing incidence and improve the measurements accuracy. The underload behaviour of
ceramic/metal interfaces with a ceramic film thickness down to few jim can also be studied. The
construction of a new bending device to study massive ceramic materials has already been planned.

Fig. 3. Design of the Tensile Device
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