
MATERIAL TESTS – COMPLEX SOLUTIONS

MATERIÁLOVÉ TESTY – KOMPLEXNÍ ŘEŠENÍ

Karel Frydrýšek1, Jan Fuxa 2, Martin Fusek3

This article is focused on the computational and experimental solution of the material tests and their evaluations
(constitutive equations etc.). Problem deals with torsion tests and other kind of tests. The results acquired by FEM
(MSc.MARC/MENTAT and  ANSYS software)  are  compared  with  experiments.  This  article  also  describes  some
experimental machines developed at the Department of Mechanics of Materials at the VŠB-Technical University of
Ostrava and controlled by LabVIEW software.

Článek se zaměřuje na počítačové a experimentální řešení materiálových testů a jejich vyhodnocování (konstituční
rovnice atp.). Řeší se torzní testy a také další druhy testů. Výsledky získané pomocí MKP (MSc.MARC/MENTAT a
ANSYS software) jsou porovnávány s experimenty. Tento článek popisuje také některé zkušební stroje vyvinuté na
katedře pružnosti a pevnosti VŠB-TU Ostrava. Tyto zkušební stroje jsou řízené programem LabVIEW.
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Introduction
This article shows some examples of complex solutions of material tests in the field of large

plastic  deformations  and in  the  field  of  low-cycle  fatigue  of  materials.  The  term  “complex
solutions” means numerical and experimental solutions.

Examples of Torsion Material Tests (FEM Solutions and Experiments)
References  describe  in  detail  the  new  original  torsion  test  evaluation  method  and  its

refinement,  for  a  quasi-static and proportionally loaded symmetric  specimen,  vide fig.1.  This
method holds for elasto-plastic domain. The material equation was acquired from experimental
measurements for steel 14109 (ČSN 420074).
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 The limiting surface of plasticity was determinated from equation by the von Mises yield
criterion with isotropic hardening rule.

Fig.1 An enlarged manufacturing diagram of the laboratory short specimen from steel.

Fig.2 FE Model for Torsion                                          Fig.3 FE Model for Torsion
(MSc.MARC/MENTAT Software).                               (ANSYS Software).



Figures 2 and 3 show two different FE models created and solved in MSc.MARC/MENTAT
and ANSYS software.

Fig.4 Comparison of time-torque dependencies in the whole torsion test process (evaluated from
experiments and FEM simulations by MSC.MARC/MENTAT software).

Fig.5 Comparison of Time-Torque Dependencies in the Whole Torsion Test Process (Evaluated
from Experiments and FEM Simulations by ANSYS Software).



A geometrical  planar  anti-symmetry was  successfully used  for  FE mesh  modelling  in  the
cylindrical co-ordinate system in plane symmetry YZ (displacement    0t u , angle of rotation
  0t   and angular velocity   0t  ). As an external time dependent condition, one half of the

angular  velocity   t   (rotating  around  rotation  axis  X)  was  applied  to  the  joint  of  the
specimen.  This  angular  velocity  was  acquired  from  experiments  and  correlates  with  the
dynamical starting effects of a torsion plastometer. For more information see references.

The fixation of the specimen in the joints is approximated to a case of 3D mechanical contact
between  the  joints  and  holes  of  the  specimen.  The  above-mentioned  arguments  of  plane
symmetry  are  sufficient  to  modelling  only  one  joint,  which  can  be  considered  as  a  rigid
(undeformed) body. But one half of the specimen, along with a contact hole, is a deformed body.
The influence of a Coulomb friction was applied between the joint and hole.

The solution was found at time period s05.0;0t  subdivided into 144 intervals of various
sizes. Large strain rate velocities (the sudden fracture of a plasticity cross-section reached in a
short time) were considered during the solution. The tensor of elastic and plastic strains was used
in the whole plasticity time solution history.

The comparisons of all mentioned FEM approaches with experiments are shown in fig.4 and 5.
The main credibility criterions of the FEM (MARC/MENTAT and ANSYS) packages are the
determinated values of torque Mk [Nmm] dependent on time t. These relations are compared with
experimental  values  in  fig.4  (for  MSC.MARC/MENTAT  software)  and  fig.5  (for  ANSYS
software).  Thus  from  the  given  information  it  is  clear  that  the  MSC.MARC/MENTAT  and
ANSYS computations give us satisfactory solutions.

Fig.6 The Values of S  at Time t = 510-2 s (Torsion Tests - MSc.MARC/MENTAT
Software).



The  distribution  of  stress  intensity  at  time  t  =  510-2 s is  visualised  in  fig.6  (software
MSC.MARC/MENTAT) and fig.7 (software ANSYS). The maximum values (S = 1388 MPa,
Fig.6) or (S  = 1406 MPa, Fig.7) are in the neck notch radii (R=0.1 mm) of the specimen. Figure
6 and 7 show non-uniform stress distributions through the neck cross-section in symmetry plain
YZ. They also show the shape buckling due to excessive plastic strains and also the material
accumulation in the contact locality of joint.

Fig.7 The Values of S  at Time t = 510-2 s (Torsion Tests - ANSYS software).

Fig.8 The Values of S  at Time t = 4.52410-2 s (Torsion Tests – MSc.MARC/MENTAT
software).



Other Kind of Test
On the figure 8 is  shown other  kind of material  tests  (torsion of special  specimen)  with

buckling effects, for more detail see references.

The Realisation of Test Machine for the Research of Contact Fatigue
The test machine for the research of contact fatigue as a complement of the servo-hydraulic

machine  INOVA 200kN is  shown  in  fig.9.  This  machine  was  proposed  and  realised  in  the
department of mechanics of Materials at VŠB – Technical University of Ostrava.

Fig.9 Diagram of the Machine for Contact Fatigue Tests.

This machine will be used:

1. for the solution of quantitative coherence between number of cycles to the origin of fatigue
cracks in microstructures of different materials by contact fatigue and number of cycles.

2. for initiation of crack by combination of tensile and pressure stresses in the area of the fatigue
of materials.

3. The experimental results will be also important for future numerical solutions.

This machine is controlled by applications created in LabVIEW software, vide Fig.10. For
more details see references.



Fig.10 View of Front Control Panel Created in LabVIEW Software.
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