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ABSTRACT.

This paper presents an overview of the custom design instrumentation of a Split

Hopkinson Pressure Bar modified for dynamic testing of materials with low mechanical impedance,
particularly for cellular metallic materials (e. g. metal foams, laser sintered structures). Design and
implementation of the components related to the strain wave measurement based on strain gauges (i.e.
strain-gauge measurement unit, power supply unit, filtration) and the components used for the control
and synchronization of the experiment, such as module of laser trough-beam photoelectric sensor are
summarized in the paper. Aside from the design of the hardware components, the contribution deals
also with development of a control software with graphical user interference using LabView (National
Instruments, USA) programming environment, that allows selection of parameters of the dynamic tests

and their storage for the evaluation of experiments.

KEYWORDS: SHPB, instrumentation, strain-gauge measurement, LabView.

1. INTRODUCTION

1.1. MOTIVATION

The mechanical properties of specific metal structures
may interest some researchers and engineers because
their various behavior at different loading rates. In
terms of mechanical behavior, it has been observed
that the stress-strain response is closely linked to
variation in loading rates. Due to this, it is required
to be described material response for loading rates
that can be expected after initiation in service [T} 2].
The Split Hopkinson Pressure Bar (SHPB) apparatus
has rapidly become the widely used device for material
testing at high strain rates [3]. One of the directions in
current research using SHPB is the testing of porous
structures with regular or irregular internal structure
[4H6]. The problem of testing porous materials and
investigating the mechanisms of their deformation is
dealt with by many authors. A summary of the basic
results of these works can be found in the work of
G.W. Ma, Z.Q. Ye et al. [7].

1.2. AIMS AND OBJECTIVES

The SHPB apparatus located at Department of Me-
chanics and Materials CTU in Prague, is designed
for the research in the field of fast deformation pro-
cesses of materials and structures with low mechanical
impedance. Due to possible change of experimental
setup in terms of used measurement bars (currently,
both aluminum and PMMA bars are used) and num-
ber of strain gauges and their type (foil or semiconduc-
tor strain gauges) it was necessary to implement our
own design of the components. The main advantages
of the proposed instrumentation include full control
of the signal processing before it is brought to the
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digitizing card in the PC. There is no unintentional
distortion of the measured signal compared to better,
but more complex solved commercially available so-
lutions. The solution is also easily expandable with
additional measuring points, implementation of differ-
ent strain gauge sensors or targeted noise reduction
in the selected frequency range. It also implements
an ability to synchronize external devices such as
high-speed camera operating on the TTL trigger prin-
ciple. The aim of these partial solutions is to improve
quality and reliability of the test components while
increasing overall comfort of operation of the SHPB
instrumentation.

2. SHPB SETUP

The instrumentation was performed on a modified
Kolsky SHPB setup. The incident, transmission, and
striker bars had the same nominal diameter 20 mm.
Material of the bars (usually aluminum alloy EN-
AW-7075 or PMMA) varied according to the material
tested, but this does not affect the instrumentation.
A gas-gun system with 16 bar maximum pressure was
used to accelerate the striker bar. The incident bar
and the transmission bar had the same length 1600 mm
and were supported by eight low-friction polymer-liner
slide bearings with aluminum housing. Both the inci-
dent and the transmission bars were equipped with
the strain gauges for the measurement of deformation
waves. The assembly also included a high-speed cam-
era for optical inspection of the experiment. Schemat-
ically, the entire assembly is depicted in Figure [I]
where the main parts of the instrumentation are three
in-house designed hardware units (strain-gauge mea-
surement unit, power supply unit and laser sensor and
camera trigger unit)
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FIGURE 1. SHPB assembly instrumentation scheme.

marked 1-3 and GUI in LabView programing envi-
ronment marked 4.

3. INSTRUMENTATION

3.1. STRAIN-GAUGE MEASUREMENT UNIT

The basic idea of the solution was the development
of a modular assembly of separate measuring cards
equipped with resistors matching the type of strain
gauge. The simplified circuit diagram for one measur-
ing point is shown in Figure 2} The red framed parts
are on the card, the other elements are fixed in the
unit. Balancing Wheatstone bridge is implemented
using a potentiometer to one of the bridge branches.
The measuring cards are located in the sockets with
the possibility of replacing by simply pulling out and
inserting a different card. An example of a technical
solution for placing six cards into the slots within the
measuring unit is shown in Figure [3] The module
also includes a switch to set bridge configuration to
half-bridge or quarter-bridge.

Strainrgauge’_/’ m

Switch

F:tsnncmstsr/

Strain-gauge 2

FIGURE 2. Electrical circuit scheme of the realized
Wheatstone bridge.

3.2. POWER SUPPLY UNIT

As power supply for strain gauge measurement the
custom battery power supply unit was designed. Moti-
vation for the implementation of this unit consisted in
the unsatisfactory properties of the laboratory power
supplies used so far. The output of the laboratory

24x strain-gauge connector
6x power connector

6x replaceable card

6x switch — 25 bridge % bridge

6x socket for measuring card

6x potentiometer

6x BNC output connector

FIGURE 3. Internal distribution of Strain-gauge mea-
surement unit.

power supply exhibited considerable ripple and signal
noise and had only a limited number of output termi-
nals. After a series of tests "incident bar apart" void
test and "bars together" void test the proper use of the
battery sources has been proven to have a less ripple
and noise of the output signal. The design of the
power unit was also aimed to place all six independent
voltage sources, for each measuring point, into one
unit and ensure charging of all cells with full charge
indication. Lithium cells with a capacity 2600 mAh
and a maximum voltage 4V are used as a voltage
source. For these cells, a voltage drop is not expected
during a series of measurements. The charging circuit
of all cells is also integrated in the unit, with the
possibility of disconnecting it as a potential source of
electric noise as it is shown in the simplified circuit
scheme in Figure [d] Noise reduction due to the use
of battery power unit was up to 80%. The picture of
the assembly is shown in Figure [}

3.3. STRAIN GAUGES SIGNAL CORRECTION

After the power supply was implemented, the signal
noise was significantly reduced. But the noise level
was still significant and distorted the measured data.
Another significant source of noise can be induced
by wiring (lead wires, measuring cables, etc.). For
this reason, shielded twisted pairs were used for ca-
bling. Further reduction of the signal noise required
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FIGURE 4. Battery power supply solution scheme.

FIGURE 5. Power supply unit - front side.

the passive element working as a frequency filter to
be included. Relevant frequencies for the signal recon-
struction are in the frequency range up to 200 kHz.
Higher frequency filtering can be performed using a
low pass filter realized by a capacitor of a suitable
capacitance in the so-called double-wiring when the ca-
pacitor is connected in parallel to the series-connected
resistor. The threshold frequency f, of the low pass
filter realized by this connection is expressed by the
relation:

1

fOZ ma (1)

where R is the value of the series-connected resistance
in our case the resistivity of the strain gauge used and
C is the capacity of the capacitor. In case of using foil
strain gauges with lowest resistivity 120 Q2 compared
to other types of strain gauges, a capacitor of 6.6 nF
was used realizing a low pass filter fy=201kHz. For
semiconductor strain gauges with resistivity 1000 €2,
the value fy is 241 kHz. The capacitor C' is connected
to the internal section of the BNC output terminal of
the strain gauge unit. Comparison of the noise of the
measured signal before and after the implementation
of the frequency filter is in Figure [6]

3.4. LASER SENSOR AND CAMERA TRIGGER
UNIT

The data obtained from strain gauges provides in-
formation about the course of the deformation wave.
However, it is not possible to estimate in detail the
deformation behavior of the sample with a complex
internal structure. Therefore, during the experiments,
the deforming samples were observed using a digital
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FIGURE 6. Noise reduction after low-pass filter imple-
mentation (green) and before (blue).

camera (FASTCAM SA5, Photron, Japan). Captured
images were evaluated using a DIC technique to ob-
tain in-plane displacement and strain fields [8]. The
data were also used to estimate the expected measured
values during the SHPB experiment. Synchronization
is achieved using a signal from the optical gates as
TTL (Transistor-Transistor Logic) pulse signal at the
camera’s up-link. The module further adjusts the
magnitude of the output voltage of the optical gates
before being brought to the high-speed digitizer where
is it used as an experiment trigger and for the evalua-
tion of impact velocity. The scheme of the module is
shown in Figure[7]
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FIGURE 7. Block scheme of laser sensor and camera,
trigger unit.

3.5. LABVIEW - GUI

The main reason for choosing the LabView environ-
ment is wide support of measurement devices from
many manufacturers and their easy implementation [9].
In the case of the created solution for SHPB, Lab-
View is used to control two four-channel digitization
cards evaluating both optical gate signals and strain
gauge sensors. The responsive user interface shown in
Figure[§] is divided into functional partitions for bet-
ter orientation. When saving an experiment record, a
data header is added to the measured data, which con-
tains the parameters of the measurement performed
for subsequent evaluation in the Matlab environment
(Mathworks Inc.). The resulting file is saved in the
*.tdms format (Technical data management sharing).
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FIGURE 8. Graphical user interface in LabView.

4. EXPERIMENTAL VERIFICATION

Verification of correct function of all parts of the instru-
mentation as a whole was carried out by testing the
deformation behavior of auxetic structures at different
strain-rates. Auxetic structures are cellural materi-
als with negative poisson’s ratio [10]. Three types of
auxetic structures were tested: 2D cut missing-rib,
2D inverted honeycomb and 3D inverted honeycomb.
These structures were produced by Selective laser sin-
tering method from a 315L-0407 austenitic stainless
steel alloy. The visualization of individual structures
is shown in Figure [9]

(a) (b)

FIGURE 9. Tested auxetic structures, (a) 2D cut
missing-rib, (b) 2D inverted honeycomb, (3) 3D in-
verted honeycomb.

A prepared samples were placed between the in-
cident bar and the transmission bar and carefully
aligned with the faces of the bars. Adjacent ends of
the bars to the sample were marked by black and white
texture for subsequent DIC analysis. Incident wave
was generate by the striker bar with length 500 mm
accelerated by gas-gun pressurized on 5 bars with re-
sulting impact velocity of 33 ms~!. High speed camera
recording deformation process were set at 100 000 fps
with 320x192 px image resolution. Two high intensity
LED illuminators was used for sufficient illumination
of the scene [I1].

5. EXPERIMENTAL RESULTS

Laser sensor and camera trigger unit reliably recorded
the transit of the striker through the first and second
optical gate, synchronously triggering the high-speed
camera record and signal from the strain gauges. The
strain gauge signal has achieved sufficient quality for

subsequent evaluation and the waveform at the real-
ized measuring points on the incident and transmission
bar was recorded. The measured signal from the strain
gauges is shown in Figure
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FIGURE 10. Measured signal from the incident and
transmission bars.

The measured data were exported, along with
the header containing the record parameters, to the
* tdms file for subsequent evaluation. Example of eval-
uated data showing stress-strain and strain rate-strain
diagram for 2D Cut missing-rib structure is shown in

Figure [T1]

0 0.05 0.1 0.15 0.2 0.25 03 035 o 0.05 0.1 0.15 02
Eng. strain [ Eng. strain [-]

025 03 035

FIGURE 11. 2D cut missing-rib structure a) stress-
strain diagram b) strain rate-strain diagram

By synchronizing the camera with optical gates a
video recording of the entire deformation process was
prepared. The high intensity LED illuminators ensure
sufficient scene brightness for subsequent DIC evalu-
ation. An example of selected images of a recorded
deformation process of a 3D inverted honeycomb sam-
ple is shown in Figure

13
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FIGURE 12. Deformation of the sample 3D inverted
honeycomb.

6. CONCLUSIONS

In this paper, technical and software solutions for the
SHPB assembly were designed and implemented for
testing of soft material structure at high strain-rates.
All partial solutions were continually tested to verify
their proper functioning before they were used in the
verification experiment. As part of a validation exper-
iment, where different auxetic structures were tested,
all instrument parts showed the required properties
and the measured data were subsequently successfully
evaluated. The experiment has also shown that the
instrumentation has improved the quality and relia-
bility of the acquired data, as well as the convenience
of the operator of the SHPB instrumentation.

LIST OF SYMBOLS

C Capacitance [F]

R Resistance [{2]

fo Threshold frequency [Hz]
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