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Tested at High Strain Rates
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Abstract A newly developed micro-kolsy bar system at the Army Research Laboratory has made it possible to test materials
in compression at strain rates greater than 104 s−1. Opening up a new realm for testing of materials at high strain rates. In
order to reach these high strain rates, sample diameters must be on the order of tens to hundreds of microns. Fabrication
of these micro-samples is done using a femtosecond laser, since the ultrashort pulse width of this laser does not produce
any appreciable damage layer. The high strain rate (103–105 s−1) behavior and resulting microstructure of electrodeposited
nickel was investigated using this micro-kolsy bar system. The microstructure of the as-deposited and tested samples was
examined with electron backscatter diffraction and transmission electron microscopy. Tested samples show evidence of
dynamic recrystallization and formation of a large number fraction of high angle, �3 boundaries.
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Electrodeposition of metals is capable of producing thin films with microstructures that can vary from ultrafine grained to
nanocrystalline grain sizes [1]. Due to the thickness of these films, determination of mechanical properties is usually limited
to nanoindentation or other small scale quasi-static testing. This leaves a lack of information for these materials at high strain
rates. This information can now be determined using the newly developed micro-kolsky bar system at the Army Research
Laboratory [2]. The micro-scale diameter and thickness of the samples needed for this system allow strain rates higher than
103 s−1, even up to 106 s−1 if the samples are small enough [3]. The data presented here will take advantage of the reduced
size of this micro-kolsky bar system to investigate the dynamic behavior of electrodeposited nickel foils.

Nickel films were deposited onto a copper substrate submerged in a bath containing nickel salts and appropriate buffer
chemicals. To obtain ultrafine grain sizes, deposition occurred by using a current of 300 mA that was pulsed on and off
at 5 and 20 ms intervals respectively [4]. The electrodeposited nickel film was removed from the copper substrate and
mechanically polished to a final thickness of 150 µm. Using a femtosecond laser, 300 µm diameter cylinder samples were
machined out of this film. The pulse width of this laser, 150–200 fs, is so short that it is capable of ablating without inducing
damage in material surrounding the incident spot [5]. These samples were tested on the micro-kolsky bar system to strain
rates of 103–105 s−1 using steel bars with diameters of 0.790 and 3 mm. Gratings on the input and output bars were used
to measuring the strain through interferometry [2]. The microstructure of the samples, both before and after testing, was
determined by first performing through thickness cross-sections of the as-deposited and recovered samples, this polishing
was done using a Leica TIC 3X ion polisher at 8 kV, 2.2 mA. Then using an FEI Nova Nanolab 600 focused ion beam, the
microstructure was imaged using both ion channeling and electron back-scatter diffraction (EBSD).

Figure 20.1 below shows an overview of the results from one of the nickel samples. A scanning electron microscope
(SEM) image of the tested sample is shown in Fig. 20.1a, the cross-section of this sample shows that the sample thickness
has decreased to 83 µm from the initial thickness of 150 µm, giving a total strain value of 0.44. This total strain value is
close to what is observed in the stress-strain curve shown in Fig. 20.1b. The plot also shows that the dynamic yield strength
at 8% true strain is 1056 GPa when tested at a strain rate of 105 s−1. Figure 20.1c shows a series of ion channeling images
stitched together to show the entire thickness of compressed sample. This image shows that the grains are more refined near
the cylinder surfaces and are bigger and elongated near the sample center. The EBSD scan shown in Fig. 20.1d is taken from
near the surface, in the small grain region. Analysis of the misorientations in this EBSD scan showed that there is a higher
percentage of boundaries near the �3 type.
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Fig. 20.1 (a) SEM image of a Ni sample tested on the micro-kolsky bar system and (b) its corresponding stress vs. strain curve (c) Ion channeling
image of the entire thickness of the sample (d) EBSD scan of a region near the surface of the tested Ni sample

Utilizing the micro-kolsy bar and micrometer scale samples, it is now possible to reach strain rates higher than the 103–
104 s−1 achieved during traditional kolsky bar tests. This system has been applied to electrodeposited nickel as a way better
determine the full range of mechanical behavior from this metal foil.
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