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Research on elucidation of strengthening mechanisms of metallic material utilizing

macroscopic material tests

In this study, to clarify the strengthening mechanism of metallic materials that still has many
unknown points, we examined a method to elucidate relationships between the mechanical
properties and internal material structure from observations in macroscopic material tests.

First, we developed an in-plane compression test method for sheet metals. As an example,
tension-compression asymmetry of cold rolled phosphor bronze sheet (C5191-H), was
investigated. Tension and compression tests were performed using a universal testing machine
and the developed compression test method. We carried out monotonic tension and
compression tests on the as-received materjal and low temperature annealed samples (200°C,
1.5 h) in rolling direction (RD), in a direction 45° relative to RD, and transverse direction
| (TD) to verify the strengih differential effect (SDE) For both the samples, significant
difference between monotonic tension and compression tests results were observed.

Secondly, the Bauschinger effect in ultrafine-grained pure aluminum rods (A1070) was
investigated. The samples were produced by multipass equal-channel angular pressing
(ECAP). Uniaxial tensile and compressive tests, which were followed by reversal of the
loading direction at a prestrain of 1%. The influence of the grain size on the intensity of the
Bauschinger effect was investigated. The main results of our experimental study are as
follows: A strong correlation between the grain size and the material strength was not
observed. A strong correlation between the grain size and the intensity of the Bauschinger
effect was also not observed. Finally, we investigated the effects of the grain size on the yield
strength of aluminum using a group of samples with grains successwely refined by
equal-channel angular pressing (ECAP) and another group of samples produced by 8 ECAP
passes and subsequently annealed step by step to produce coarser grams It was found that for
the as-ECAP-processed samples, the degree of the grain size-related strengthening relative to
the observed vield strength was consistent with an extrapolation of the conventional
Hall-Petch relation, and marked exira strengthéning, which was clearly related to the grain
refinement, appeared after annealing. '
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