DMS Winter-Meeting 2025
“Testing properties and performance:
from metals to products”

Challenges in mechanical
testing during 50 Years

Povl Brgndsted
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Materials testing

Measurement of mechanical behaviour and properties used for

* performance check of structures

¢ qualification of components and materials

* constitutive models based on material structures and micromechanical behaviour

* design, reliability and lifetime estimation

* models describing elastic-plastic behaviour and for use in solid mechanics modelling




Mechanical properties

* Static testing
* tension, compression, torsion, shear, bending ... ...

* Fatigue testing
* lifetime diagrams (SN-curves), constant life diagrams (Haigh diagrams), accumulated damage (Miners rule) .....

e Damping
* Free oscillation, forced oscillation ... ...

* Fracture mechanics testing

* Fracture toughness (K ,J. ,CTOD) fatigue crach behaviour (da/dN-AK), fracture resistance (R-curves, cohesive
laws) ... ...

* Creep testing
* Hardness measurement

* Wear and Friction

Tests | remember — No composites
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Test of cladding tubes
Balloning test — 1978

A nuclear fuel elements typically consists of a cladding tube containing
uranium-dioxide fuel pellets. In the reactor, heat is generated throughout the
pellets and is conducted through the cladding tube to the surrounding coolant.
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Experimental conditions

» Mounted with end fittings allowing internal pressurizing

» Electrical contact to enable electrical heating. Lower end dipped into at pool of Roses metal providing
the electrical contact

» Resistance heating

» Pressurised with Nitrogene og Carbondioxide

» Steam atmosphere from a pool of boiling water

» Temperature measurements by thermocoulpes

» Strain (deformation measured on photographs)

» heating rate of 2-3 degress/sec

» Final temperature 1150 Deg C

» Internal pressure max 30 atm

» External pressure 1 atm

» Test atmosphere air or steam
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Fig. 6a.

Fig.6b.

Testing ultra high strengh tool steels and hard materials
Projects with Strecon, Uddeholm, Sandvik, Element 6, Plansee, ....

Measuring static, fatigue and fracture mechanic properties to be used in

* design, reliability and lifetime estimation
* Numerical models describing elastic-plastic behaviour

The challenge:
* Design optimal test specimen
* Solutions for mounting test specimen
* Fracture mechanics test (crack growth and fracture toughness) on cemented carbides
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Fatigue Test specimen
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Test Set-up

Polycrystalline Diamond Materials

* PCD cutters are known to fail by a
number of failure modes during drilling
operations.

* One of the modes of failure is by a
fatigue crack growth process.

* In the quest for improved cutter lives it
is important to understand fatigue
crack growth behaviour:

*Crack initiation

*Fatigue crack growth rate

*Fast fracture

*Mechanism of fatigue crack growth

Fast fracture

 Fatigue
. crack
~ . growth

Fatigue
crack
initiation
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PCD material

Microstructural characteristic

Average diamond grain size
pum

16.1+6.6

Black phase is diamond grey phase is cobalt

Mechanical properties

Youngs modulus | Flexural strength Characteristic strength Weibull modulus Fracture toughness
GPa MPa MPa MPavm
1036 + 12 1222 + 118 1278 + 44 11.4 9.1+06

Test set up and Specimen geometry
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* Instron servo-hydraulic test machine.

e  MTS sub-miniature extensometer.

* AStandard disk-shaped compact NNy j

tension DC(T) specimen. L

17.50 020 J

* The starter notch was prepared by:
1. EDM cutting,
2. Laser cutting.
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Conditions of Test Material

* Homogeneity — size related to microstructure and defects
* Geometry —accuracy in dimensions

* Size effects

* Manufacturing and processing

Requirements for good and reliable test
results

* Knowledge about the composition and structure of the materials
* Knowledge about processing and manufacturing

* Knowledge about where and how the results are being implemented
and used

* Knowledge about mechanics and measurement tools and possibilities

* Knowledge about and access to equipment for analyses and
measurements
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