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DURIP: Optical characterization of the dynamic mechanical
response of advanced aerospace materials and structures

Final Report Covering
6/15/2018 — 6/14/2019

Objectives

The objective of this DURIP was to develop an experimental facility for the full-field, optical
characterization of the dynamic response of architected materials and structures across the
scales. Two main experimental techniques were proposed using i) high-speed photography
and ii) advanced motion capture to resolve the multi-scale high-resolution characterization
of events such as wave propagation and dynamic large deformations in novel metastruc-
tures. The development of the experimental facility was successfully completed in mid-May
2019 and is currently being used for the aforementioned objectives with an initial focus of
investigating the impact performance of tensegrity lattices.

Experimental Facility

The main experimental facility is shown in Fig. 2 and is com-
posed of a high bay drop testing facility. The facility measures
approximately 15ft deep by 20ft wide and 25ft high, allowing
for the drop testing of structures of significant size at high
impact energies.

The facility is instrumented with 12 Vicon Vantage V5
cameras, 10 of which are shown in Fig. 2. The remaining two
cameras stand on a tripod facing in the same direction as the
photograph shown in Fig. 2. The facility is also equipped with
two Photron Mini AX200 cameras capable of frame rates rang-
ing from 6,400fps at 1Megapixel to 900,000fps. The high speed
imaging cameras are shown in Fig. 1. Each set is composed
of a camera, LED lighting and an individual laptop computer
for data recording. A such each camera may be individually
deployed across the facility with ease. In conjunction, the Vi-
con motion capture system and Photron high-speed imaging Figure 1: Photron High-Speed
cameras may be used to capture large and small scale defor- Imaging Camera
mations.

The experimental facility was completed in mid-may and only preliminary experiments to
validate the capabilities of the equipment have been performed thus far. We describe next
preliminary experiments capturing the impact deformations of a tensegrity lattice using
high-speed imaging and Vicon motion tracking.
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Figure 2: Experimental structural dynamics optical characterization facility

High-Speed Imaging of Tensegrity Lattices

Experimental tests were performed using a truncated octahedron tensegrity structure as
shown in Fig. 3. A tensegrity lattice is a structure composed of
compression bars — carbon fiber reinforced polymer (CFRP)
bars shown in Fig. 3 — connected through tensile elements
— steel cables in Fig. 3. Tensegrity structures have been pre-
dicted to possess unique properties in their ability to accom-
modate impacts through the buckling of individual elements
without collapse of the structure through localization of the
deformation (Rimoli and Pal, 2017; Rimoli, 2016). Although
modeling of these structures has been demonstrated in the lit-
erature, detailed experimental investigation of these structures
is in its infancy and thus of critical importance.

Impact tests were performed on the tensegrity structure
shown in Fig. 3 from a heigh of 5ft and recorded at 500fps
with a shutter speed of 1/1000s. Two configurations of the structure were used with different
diameter CFRP compression bars. Fig. 4 shows impact tests using thin bars which undergo
significant buckling. Fig. 4(c) shows the maximum deformation during impact which is

Figure 3: Truncated octahe-
dron tensegrity structure
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accommodated entirely though buckling and is recoverable. A measure of the energy stored
in this deformation can be seen from the maximum height of the bounce back which is shown
in (d). Similar results are shown in Fig. 5 for a configuration with thick CFRP compression
bars. AS shown during maximum deformation in Fig. 5(d), the structure in this configuration
does not undergo as significant a deformation as in the thinner bar configuration. Further,
we can see from the bounce back in Fig. 5(d) that a smaller amount of elastic energy was
stored and recovered through buckling.

a) Approach b) Initial impact c) Max. deformation d) Max. springback

Figure 4: Impact of a tensegrity structure with thin (1/16 in diameter) CFRP compression bars.

a) Approach b) Initial impact c) Max. deformation d) Max. springback

Figure 5: Impact of a tensegrity structure with thick (3/32 in diameter) CFRP compression bars.

As demonstrated theoretically in (Rimoli and Pal, 2017), the truncated octahedral tenseg-
rity structure may be tiled to build a larger latte with unique mechanical properties. As part
of this ongoing research such a lattice has been manufactured and is also being tested for its
impact properties. Fig. 6 shows a lattice constructed of four unit cells (i.e. having a 2 x 1
configuration) being impacted both in its horizontal configuration, images (a) and (b), and
on its vertical configuration (c¢) and (d). Beyond their ability to undergo large recoverable
deformations, an important feature of this lattice is that deformation does not localize to
a single unit-cell or row of unit-cells as can traditionally occur in truss-like structures. As
shown in Fig. 6(d), As the structure impacts, deformation and buckling occurs throughout
the structures and is not localized at any individual unit cell.
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Horizontal Lattice Impact Vertical Lattice Impact
a) Approach b) Max. deformation c) Approach d) Max. Deformation

Figure 6: Impact of a tensegrity lattice composed of four truncated octahedral unit cells.

VICON Motion Tracking of Tensegrity Lattices

A second critical component of this research was the use of motion tracking to capture large
dynamic structural deformations. Preliminary experiments were performed using the same
lattice as truncated octahedron lattice. Tracking of the nodes was achieved by careful coating
of the nodes with reflective materials suitable for VICON motion tracking, see Fig. 7 (a).
The process of creating good reflective surfaces for motion tracking is complex and significant
effort has been put in this subject.

The motion tracking software provides the position of all reflective nodes in space as
shown in Fig. 7(b) which may also be visualized including the compressive bars connecting
various nodes as shown in Fig. 7(c). Motion tracking allows point-wise tracking of all the
nodes with sub-mm precision at frame rates approaching 1000fps. The software uniquely
identifies each node and can distinguish the motion of individual nodes. Fig. 8 shows an
example of tracking the position of two unique nodes in the lattice in time. Here the lattice
was simply picked up from the floor and dropped for a small impact. The motion of the
two node selected is well characterized and captured. Similarly, Fig. 9 shows snapshots of a
tensegrity structure being deformed in such an impact the associated motion tracking of all
the nodes.

Figure 7: a) Truncated octahedron tensegrity lattice with reflective nodes. b) Vicon Motion tracking
image of the tensegrity structure, and c¢) Motion tracking with node connectivities.
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Figure 8: Vicon software showing unique spatial location tracking of two individual nodes in the
tensegrity lattice. The experimental data is representative of picking up the lattice from the ground
and dropping for an impact.

Figure 9: Vicon motion tracking of tensegrity nodes during an impact experiment.
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