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Analysis of Compressive Deformation Behaviors of Aluminum Alloy
Using a Split Hopkinson Pressure Bar Test with an Acoustic Emission Technique
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Abstract: In this study, the compressive deformation behaviors of aluminum alloy under high strain rates were
investigated by means of a SHPB test. An acoustic emission (AE) technique was also employed to monitor the signals
detected from the deformation during the entire impact by using an AE sensor connected to the specimen with a
waveguide in real time. AE signals were analyzed in terms of AE amplitude, AE energy and peak frequency. The
impacted specimen surface and side area were observed after the test to identify the particular features in the AE signal
corresponding to the specific types of damage mechanisms. As the strain increased, the AE amplitude and AE energy
increased whereas the AE peak frequency decreased. It was elucidated that each AE signal was closely associated with
the specific damage mechanism in the material.
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Table 1 Material properties of maraging steel and
aluminum 5083

Material Aluminum 5083 Maraging steel
P (g/em3) 2.66 8.00
E (GPa) 70.0 183.0
G (GPa) 26.5 70.0
14 0.33 0.3
Oy (MPa) 190.0 2620.0
o, (MPa) 300.0 2693.0

Signal conditioner
& detector

AF storage post-processor

Stiker bar | —= |

kX
STOPPER

1 Strain gage

Fig. 1 Schematic diagram of the SHPB and AE test
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Table 2 Apparatus of the AE measurement system

Model of AE sensor R15, PAC
Channel 1
Pre-amplifier gain 40 dB
Threshold 40 dB
High filter <600 kHz
Low Filter > 40 kHz
Event lock out time 1 ms

Lengh of event 1 k (0.128 ms)
200 . . . . ,
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Fig.

True strain

2 True stress-strain curves for different strain rates
(green line 1565 s-1, red line 1972 s-1, black line

2303 s-1)
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Table 3 Dynamic material properties of aluminum 5083

Final
length
(mm)

Initial
length
(mm)

Pressure
(psi)

Strain rate,
£

Strain at the
end of test, & r

Peak stress
o, (MPa)

Yield stress
o, (MPa)

1 40 7.92 6.43

1565.1+70

0.231 +£0.012 328.4+£22 654.3 £ 35

60 7.86 5.40

1972.1 +£89

0.293 £0.010 3349+ 18 768.5 + 30

7.95 4.48

2303.4 + 64

0.338 £ 0.022 3549+ 19 837.7+32

= 1al'u!lm‘c: _g?agk__,_ “

Fig. 3 SEM micrographs of the impact area in aluminum
5083 specimen after the SHPB test showing a
crack: (a) side surface, and (b) top surface
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Fig. 4 True stress (solid line) and AE amplitude (circular
symbol) with increasing the strain for Aluminum
5083 specimen under the strain rate of (a) 1565

s, (b) 1972 s and (c) 2303 5.
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Fig. 5 True stress (solid line) and normalized cumulative
AE energy (circular symbol with line) with

increasing the

strain for Aluminum 5083

specimen under the strain rate of (a) 1565 s, (b)

1972 s and (c) 2303 s™.
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