e Close the fill selector valve.
e Power down the DAQ and turn off the power bar.

e Close and lock up DAQ cabinet.

It is important for the SHPB operator to secure the SHPB apparatus, so that other people will not

be hurt if they are in the lab area around the SHPB apparatus when the SHPB operator is not

present.

4.4 Signal processing

A tensile SHPB tests generates a data set that is exported as an Excel worksheet and consists
of thousands of rows of voltage data, recorded at a sampling rate of 60 million data per
second. In order to post-process this data file, a MATLAB program provided in Appendix C,
was written to calculate the true stress and corresponding true strain data for a given test

specimen. The MATLAB data processing program executes the following operations:

e The program requires the user to select the data file to be processed using a graphical
user interface, and then loads the output voltage data from the incident and
transmitted strain gauges into the program.

e The output voltage data from the strain gauges are then divided by the amplification
factor and then converted into micro-strain using equation 3.4.

e The initial strain gauge voltage readings are plotted as a graph, shown in Figure 52, for

the user to see the initial offset of the signals.
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Figure 52: Example of initial strain vs. count graph for the incident and transmission bars
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The PXI-5105 was set to a sampling rate of 10 MS/s so as to collect approximately 7500 data
points in the TensileSHPB.vi LabVIEW program. The TensileSHPB.vi LabVIEW program was also
set to have a low-pass Butterworth filter of an order of 2, and a 250 kHz cut-off frequency to
reduce any signals above this frequency. Since the INA129 instrumentation amplifier has a
bandwidth limit of 200 KHz at a gain of 100, any signal above 250 kHz is considered noise and

not actually part of the signal.

Testing was conducted in such a way that a test specimen would reach its ultimate tensile
strength and fracture. And in order for the test to be valid, the fracture must occur within the
specimen gauge length. Furthermore, in order to demonstrate that the specimens did not slip in
the bar specimen slots, the edge of the specimen-to-bar interface was marked with a black
marker before each test, as shown in Figure 60. Figure 61 shows the specimen-to-bar interface

after a test, showing no slipping of the specimen.

Figure 60: Mounted specimen with black marker at bar/specimen interface to show if slipping occurs
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Figure 61: Fractured SHPB specimen with marker at bar/specimen interface showing no slipping

The striker bar was lubricated approximately every 10 tests. And the bar holders and the
incident bar and momentum transfer bar anvils were also checked for any looseness every time

the striker was lubricated.

5.1.2.1 SHPB test results in the rolling direction

A total of 11 test specimens were tested for the rolling direction. Of the 11 test specimens, eight
tests were considered successful. Three tests were considered to have failed, due to the test
specimens necking but not fracturing. All test specimens that fractured, had the fracture in

approximately the middle of the gauge length, as seen in Figure 62.

Figure 62, also shows that specimens 7, 8, and 9 did not fracture, but did neck in the middle of
the gauge length. Three failed test in a row was most likely due to the striker needing to have
lubrication re-applied. The striker was lubricated after test specimen 9, and there were no more
failed tests. The striker velocity did not indicate that the striker needed to lubricated, since the

striker velocities were still very close to 15.2 m/s.
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Figure 62: RD fracture location

The test specimen shown in Figure 63 was bent due to the transmission bar not having a
momentum trap and colliding with the stopped incident bar. Not having a momentum trap on
the transmission bar was an oversight in the design phase. This oversight could be resolved by
adding a hard stop on the I-beam so that the transmission bar does not impact the specimen

after the test.

N

Figure 63: Bent test specimen from transmission bar collision
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The gas gun firing pressure and corresponding striker velocity are presented in Table 12 for each

tensile test in the sheet rolling direction.

Table 12: Gas gun pressure and striker velocity data for the RD specimens

Pressure (kPa) Velocity (m/s)
RD-EX1 299.3 15.16
RD-EX2 296.6 14.82
RD-EX3 295.3 15.10
RD-EX4 294.4 15.29
RD-EX5 296.6 14.89
RD-EX6 296.4 15.37
RD-EX7 297.7 15.05
RD-EX8 296.8 14.91
RD-EX9 299.3 14.92
RD-EX10 299.3 15.32
RD-EX11 298.6 15.10

The average pressure was 297.3 kPa, with a standard deviation of 1.7 kPa. The average velocity
was 15.09 m/s with a standard deviation of +0.19 m/s. The calculated velocity was within the

error range of the average striker velocity.

The strain rate calculated for each of the RD specimens is shown in Table 13. The average strain
rate for the RD specimens is 1012 s™* with a standard deviation of 33 s™. The necked specimens

were not included in the average and standard deviation calculations.

Table 13: Strain rate for RD specimens

Strain Rate (s
RD-EX1 962
RD-EX2 1064
RD-EX3 1050
RD-EX4 1007
RD-EX5 1003
RD-EX6 996
RD-EX7-Necked 983
RD-EX8-Necked 1017
RD-EX9-Necked 986
RD-EX10 1027
RD-EX11 987
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All of the valid tests for the RD are plotted in Figure 64.
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Figure 64: True Stress vs. True Strain curves for all SHPB specimen tested in the RD

From Figure 64 it can be seen that the elastic region of the stress-strain curves are almost
identical with very little variation. The oscillations in the plastic region are most likely due to the
stress wave not being fully one-dimensional. When the striker impacts the anvil many different
frequency components are generated to make up the stress wave. The “higher frequency
components travel slower than, C,, since phase velocity decreases with decreasing wavelength”
(Follansbee & Frantz, 1983). This “difference in wave velocity leads to spreading or dispersion of
the initial pulse; the rise time lengthens and oscillations occur” (Follansbee & Frantz, 1983). In
order to reduce the oscillations in the incident pulse, the length of the incident bar can be
increased to give the stress wave more bar length to disperse. The length of the striker can also
be increased so that the stress wave will act over a longer period of time, giving the stress wave
more time to disperse. The anvil on the incident bar is also “thought to induce oscillations and
lower the rise time of the incident pulse” (Clark, 1993). By changing the shape of the anvil it may

be possible to reduce the oscillations in the incident pulse.
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