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Seven years ago, some of the present authors developed a test methodology for
measuring the flow behavior of miniature samples in compression [1]. The methodology
consists of fabricating micrometer-scale cylindrical samples using focused ion beam
(FIB) milling and subsequent testing of these samples in uniaxial compression with a
commercial nanoindentation system outfitted with a flat punch tip. As a logical extension
of this work, we have constructed a custom device for performing uniaxial mechanical
tests on micrometer-scale specimens that can operate inside a scanning electron
microscope (SEM) [2]. The in-situ device enables access to both tensile and compressive
test modes, and facilitates the direct observation of the spatial and temporal distribution
of deformation events through continuous recording of SEM images.

This presentation will describe the application of this device to study the compressive
deformation behavior of single-slip oriented nickel superalloy (Rene N5) microcrystals.
Initial experiments demonstrated that the loading platen and the top surface of the
microcompression sample move as a single conjoined unit throughout a test, unlike
macro-scale experiments where the sample slides against the compression platens. The
lower end of the microcompression sample is integrally-connected to the substrate, and
therefore the constraint imposed by the lateral stiffness of the loading platen significantly
influences the resultant mechanical behavior.

This presentation will highlight the use of two different compression platens to explore
the effect of lateral stiffness on the resultant mechanical response, which approximated
either a high-friction or zero-friction case, as shown in Fig 1. The change in the lateral
constraint of the test system had a demonstrable effect on many aspects or attributes of
plastic flow: the yield stress and strain hardening behavior, the intermittency of strain
bursts, the spatial distribution of slip bands, and the development of internal crystal
rotations. Finite element modeling of the microcompression experiments using a crystal
plasticity framework has provided insight regarding changes in the internal stress field
and resultant slip system activity. The experimental tests findings are rationalized based
on these simulation results.
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Figure 1. Scanning Electron Microscope images from two in-situ micro-compression
experiments. The microcrystals are from a nickel base superalloy (Rene N5) oriented for
single slip, and the microcrystal diameter is 10 wum. (A) Three SEM images at various
strain levels while employing a high lateral stiffness diamond platen. (B) Three SEM
images at various strain levels while employing a low lateral stiffness platen.
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