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Abstract  

The support from AFOSR through a DURIP program is used to acquire ultra-high speed stereo 

vision-system incorporated with high magnification objectives and a high-speed infrared with high 

magnification GA1 lenseswas acquired by the support from AFOSR through a DURIP program. 

The ultra-high speed system was installed in October 2017 and has been used in two DoD-funded 

projects and other related projects.  The high-speed infrared imaging was established in December 

2018 and has been used to understand the hot spot formation in polymer bonded energetic 

materials, an area of interest to the Department of Defense.  

 

Objective  

The acquisition of both state-of-the-art, ultra-high speed stereo-vision system (Ultra HS) and a 

unique stereo-microscope system that is integrated with the Ultra HS provides unprecedented 

ability to determine the three-dimensional surface deformations at up to 5,000,000 frames per 

second (40X higher than cameras with comparable resolution used with image correlation methods 

to quantify full-field strains) on specimens ranging from meters in diameter to a few millimeters 

in size. Together with existing dynamic testing facilities in our department (e.g., instrumented 

Charpy, split Hopkinson bar, torsional Hopkinson bar, tension Hopkinson bar, shock tube, drop-

weight tower), acquisition of the proposed high speed imaging system will make our dynamic 

materials characterization facility well-equipped to tackle the main challenges in understanding 

the mechanics of heterogenous materials, at microstructure level, subjected to dynamic loading 

conditions.   

The heart of our proposed Ultra HS for full-field three-dimensional dynamic deformation 

measurement system is a pair of synchronized Shimadzu HPV-X digital cameras. At the highest 

rates (5,000,000fps), the Ultra HS camera system utilizes stroboscopic illumination to obtain 

sufficient light and acquire high contrast images every 200 nanoseconds during the dynamic event; 

at frame rates below 500,000 fps, high-intensity diode lighting is adequate for illumination of the 

specimen. With the addition of the stereo-microscope system, it is important to note that both low 

and high magnification imaging is possible, providing the opportunity to study a range of structural 

and local dynamic events with unprecedented levels of measurement capability. 

 

  



Status of Effort  

As shown in Fig 1 and Fig 2. the support has acquired a state-of-the-art an ultra-high-speed stereo-

vision system with a unique-high magnification objective and high-speed infrared camera with 

high magnification objectives from AFOR through a DURIP program. The ultra-high speed optical 

system comprises a pair of synchronized Shimadzu HPV-X digital cameras and infinity objective 

lenses. The high-speed infrared imaging comprises a high-speed infrared camera M3K and G1 

high magnification lens. 

                                   

Fig.1 Ultra-high speed stereo imaging with high magnification objectives 

 

                                          

Fig.2. High-speed, high magnification infrared  



Accomplishment /new findings  

The primary objective of the project was to develop a high-speed imaging system that enables us 

to capture the local deformation mechanisms in materials subjected to high-speed loading at the 

microstructural level. Besides, the proposed imaging system will be instrumental in understanding 

the hot spot formation mechanism in energetic material under dynamic loading condition. As 

stated in the proposal, ultra-high stereo speed synchronized imaging PHV-X system with high 

magnification objectives, an Infinity K2 long-distance microscope, is acquired.  The proposed 

method has been demonstrated by measuring the local deformation mechanisms of different 

materials such as polycrystalline magnesium, cellular material, polymer bonded energetic 

materials, and particulate nano-composites at a framing rate of 500 000 frames/sec and achieved a 

spatial resolution of 15.2 µm/pixel [1-9]. Further, the imaging system has been used to measure 

the local temperature rise in energetic materials to identify the hot spot formation mechanisms. 

Based on the measurement made through the developed method, it was identified that there are 

two primary mechanisms responsible for the formation of the shear band in polymer bonded 

energetic materials, the friction of crystals and plastic deformation of the binder. Depending on 

the loading rate and the mass fraction of the crystals, there will be a competition between the two 

mechanisms. To identify the predominant mechanism, one needs high-speed infrared imaging. The 

acquired high-speed infrared imaging is used to measure the local temperature field in polymer 

bonded explosives with main objective of determining the primary cause of hot spot formation. 

The research work conducted using the recently purchased systems is discussed below.    

On the response of polymer bonded explosives subject to dynamic loading   

AFOSR funded the project under grant number   

The developed system is used to understand the failure mechanisms in polymer bonded explosives 

subjected to dynamic loading conditions. The effect of strain rate, compact pressure and mass 

fraction of the crystals on the local failure mechanism of energetic materials subjected to direct 

impact and shock loading is investigated.  It was found that the mass fraction content has a 

significant influence on the response of the material and the mode of failure. It is observed that the 

dominant failure mechanism in higher solid loading samples under dynamic loading condition is 

crystal fracture. Whereas, in lower solid loading composition, a delamination dominated failure 

mechanism is observed.  

The developed system is further used to investigate the compaction wave propagation in polymer 

bonded explosives. The compaction wavefront, compaction wave velocity and compaction 

wavefront thickness of PBS subjected to direct impact loading are measured experimentally.   

Meso-scale experiments under dynamic loading are also conducted to understand the local 

dissipation mechanism involved during the compaction front.  Based on the full field data and non-

parametric method, the spatial variation of the stress field in polymer bonded explosives is 

estimated for the first time. The damage evolution in PBX was quantified using volumetric strain 

and Poisson's ratio as an indication of damage incubation. The mesoscale study shows that the 

material softening due to damage evolution causes a wide shear banding in PBXs. Without the 

system developed through this grant, it would be impossible to get the information listed above.  



 

Fig. 3 Full filed local strain information obtained from the proposed systems a) Local transverse 

strain evolution as a function of loading time, b) a full filed image of a rain boundary overlaid on 

transverse strain field [3]  

 

 

 

 

 

 



Mechanism of hot spot formation in polymer bonded explosives under dynamic loading  

(An area interest to AFOSR) 

Weak dynamic loading of polymer bonded explosives during transportation and handling may 

cause unintentional detonation which can be catastrophic and costly. These accidents are believed 

to be due to the formation of highly localized temperature regions called ‘hot spots.' Due to a 

limitation in the experimental capability, experimental evidence of the hot spots and the 

understanding of the mechanisms of their formation are minimal. The systems acquired through 

this DURIP funding has been used to investigate the hot spot formation in polymer bonded 

explosives, using model composites under dynamic loading. The model composites used in this 

study are made of solid inclusions of graphite rods in the soft polymer, polydimethylsiloxane, 

binder. Using a high spatiotemporal resolution infrared camera and ultra-high speed visible light 

imaging based digital image correlation, the local temperature and deformation evolution are 

measured in-situ during dynamic loading of the sample.  A significant heat generation and the high 

temperature was measured around the interface between the solid and the polymer binder as shown 

in Fig. 4. Interestingly, the deformation measurement indicates that the high-temperature 

generation could be associated with high relative movement between the solid inclusions and the 

binder. 

 

 

FIG. 4. Temperature evolution under dynamic 

loading measured by the acquired system. As shown 

in the figure the temperature is localized around the 

graphite rods a) single graphite rod, b) two graphite 

road surrounded by binder, c) three graphite rods. In 

all case the rods were aligned horizontally in the 

loading direction. The temperature is localized once 

the rods are rotated and reached in a vertical potion. 

Indicating temperature is generated by the student 

shear of polymer binder around the graphite rod 



In-situ Quantification of Intra and Intergranular Deformation in Pure Magnesium Using 

Full-Field Measurements at Various Deformation Rates 

Grain boundary cracking is almost an inevitable source of failure when a cast magnesium-based 

alloy is to be deformed at relatively low temperatures, due to the presence of weak grain 

boundaries as well as significantly coarse grains with minimal deformability. The acquired 

system is used to quantitatively investigate the contribution of inter- and intragranular 

deformation to the macroscale deformability and ductility of nominally pure as-cast magnesium 

subjected to quasi-static and dynamic loading. Mainly the system is used to investigate 

deformation and grain boundary cracking in cast magnesium subjected to quasi-static loading 

and for the analysis of mesoscale deformation and failure under dynamic loading conditions. A 

novel experimental setup consisting of a split Hopkinson pressure bar (SHPB) and a recently 

acquired ultra-high-speed imaging system is used for in-situ quantification of deformation at 

microstructural levels under high strain rate loading conditions.  The results indicate that the 

contribution of grain boundary region deformation to the total strain applied on the Mg samples 

is significant and depends on the initial grain configuration. Also, strain rate sensitivity of the 

material was found to be controlled to a higher degree by the grain boundary region deformation 

[4]. 

 

Fig. 5- Contour maps showing the evolution of in-plane strain components at different global 

strain magnitudes for a sample with grain orientation is perpendicular to the loading direction. 

Loading was applied in -y-direction. Grain boundary outline is overlaid on contour maps [4]  
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