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Research activities during the year 2002

The experimental and theoretical research during the year 2002 was focused on the following topics:

1. Additional biaxial fatigue tests of specimens made from high-strength steel Z-15 340 were performed by K. Slámečka (Ph.D student) and J. Pokluda in the IPE FME BUT in Brno. The mechanical machine MZGS-100 was used in these experiments (and the tests included three ratios of bending and torsion stress amplitudes as well as pure tension and bending cases. Fracture surfaces of selected specimens were preserved for the 3D-reconstruction analysis. Selected stress-based criteria for fatigue life prediction were applied in order to assess the biaxial data and to find the most appropriate criterion.  

2. An extensive stereogrammetrical analysis of the fractured specimens was performed by the team of K. Slámečka, J. Pokluda, P. Šandera, R. Pippan, O. Kolednik and I. Sabirov (PhD student) in the scanning electron microscope in the ESIMS in Leoben. This analysis consisted of the surface roughness measurements covering the essential parts of fracture surfaces of investigated samples and of the profile analysis performed along selected directions on the matching surfaces.   The results of stereophotogrammetrical analysis were evaluated in the IPE FME BUT by K. Slámečka and J. Pokluda.

3. Confocal analysis of intergranular fracture surfaces of ultra-high strength low alloy steel was performed in the IPE FME BUT by R. Nemeš (Ph.D student) and Dr. R. Chmelík using the light microscope of the Petráň type with the rotating disc.

4. Results of fracture toughness tests and local deformation measurements using the digital image processing system performed on two different types of aluminium foam (ALPORAS and ALULIGHT) were evaluated by R. Pippan and C. Motz (Ph.D student) in the ESIMS Leoben.  Conclusions were discussed with J. Pokluda. 

 5. Final evaluation of all results was made together by J. Pokluda, R. Pippan, O. Kolednik and K. Slámečka in the IPE FME BUT in December. Common publications and collaboration activities were outlined for the future.

Research results

Results related to above given topics are summarised bellow.

Ad 1) All substantial results concerning biaxial fatigue tests are reported in the published paper [1]. For the fatigue life prediction, the best criterion appears to be the Matak criterion based on the critical damage plane. 

Ad 2) First results concerning the 3D stereophotogrammetry are described in the common paper [2] prepared for the conference Transcom 2003 (Appendix I). The dependence of surface roughness and profile parameters on the biaxial ratio is under investigation. 

Ad 3) The 3D reconstruction based on confocal microscopy was not successful until now. The main reason lies in the so-called “scanning lines” remaining on reconstructed pictures. Following procedures were applied in order to remove these lines: (i) grey filtering of light in the image system, (ii) increasing the exposition time by multiplication of scanning procedure, (iii) subtraction of reference 3D mirror model from the reconstructed surface, (iv) synchronisation of the microscope disc movement with the PC scanning sequence, etc. However, no tested measure could sufficiently improve the resolution.

Ad 4) The deformation of metallic foams is strongly localised on different length scales – fracture process zone of 6-8 cells in height and the cell wall [3]. On the first level, only few of cells are heavily deformed and, on the second level, only the thinnest parts of the cell walls are the crack initiation and propagation sites. Many secondary cracks and bridges are formed during the crack growth stage. The crack opening displacement (COD) values seem to be most reliable for fracture toughness characterisation. 

Ad 5) Collaboration partners have found that the common research basically successfully followed the prescribed research time schedule. The results of the common research were assessed to be valuable for the presentation at selected scientific conferences organised in the year 2003 – Transcom 2003 and FCP 2003 (see [4] and Appendix II). Moreover, two following themes for common publication in scientific journals were chosen: (i) The dependence of surface roughness parameters on the torsion component of fatigue loading, (ii) A reconstruction of fatigue crack propagation under pure torsion based on the stereophotogrammetrical profile measurements, (iii) Micromechanical models of mode III fatigue crack propagation. Particularly the second topic requests additional experiments to be carried out, namely:

a) Generation of small surface cracks on polished specimens and their subsequent fracture in liquid nitrogen in the IPE FME BUT in Brno.

b) Stereogrammetrical analysis of the fracture surfaces in the ESIMS Leoben.

Since the original proposal of the project included the year 2003, the additional experiments needed are within the assumed working schedule. Therefore, the partners decided to apply for the prolongation of the AKTION project.   

The financial statement

The complete list of costs spent in 2002, reprinted from the economical department of BUT, is shown in the Appendix III together with specification of individual items. 

References:

[1] J. Pokluda: Materials Engineering 9 (2002), 33 (in Czech).

[2] K. Slámečka, I. Sabirov, J. Pokluda and R. Pippan: 7th int. conf. “Transcom 2003” (submitted to).

[3] C. Motz, R. Pippan: Acta Materialia 50 (2002), 2013.

[4] J. Pokluda, R. Pippan, K. Slámečka and O. Kolednik: Int. conf. “Fatigue Crack Paths (FCP 2003)”, Parma (Abstract accepted).

Brno, 21. 1. 2003







Prof. Dr. Jaroslav Pokluda
















PAGE  
1

