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High-Speed Infrared Imaging of a Split-Hopkinson Pressure Bar 

Experiment 

Heat transfers are involved in many phenomena such as friction, tensile stress, shear stress and material rupture. Among 

the challenges encountered during the characterization of such thermal patterns is the need for both high spatial and 

temporal resolution. Infrared imaging provides information about surface temperature that can be attributed to the stress 

response of the material and breaking of chemical bounds. In order to illustrate this concept, high-speed infrared imaging 

was carried out at 13 000 frames per second during a split-Hopkinson pressure bar experiment on a polymer sample at 

the Structural Impact Laboratory (SIMLab) of the Norwegian University of Science and Technology. The results illustrate 

how high-speed infrared imaging can provide detailed information about the thermal properties of materials undergoing 

mechanical testing. 

Introduction 

Characterization of mechanical properties such as 

Young’s modulus, shear strain, viscosity and fracture 

toughness is very important in the development process 

of new materials. Researchers must typically carry out 

many different measurements like tensile displacement, 

compression and fatigue tests in order to determine 

these parameters. The nature of the material to be 

characterized also dictates the parameters that need to 

be determined and to which extent. Metal alloys are 

typically ductile, while fiberglass materials are not. 

Consequently, laboratories are typically equipped with a 

great variety of instruments in order to face all of these 

very different situations. Among the common 

instruments used by material engineers are high-

elongation extensometers, split-Hopkinson pressure 

bars (see Figure 1) and high-speed visible cameras. 

One of the most common way of characterizing materials 

consist in establishing a stress-strain curve. The strain 

corresponds to the force applied on the material while 

the stress is associated with the way the material reacts 

to the applied constraint. In the early stage, material 

deformations are reversible (elastic deformations). The 

stress level at which the material begins to deform 

plastically is called the yield strength. Beyond this point, 

deformations are permanent. The stress-strain curve 

reflects the behavior of the overall sample at the 

macroscopic level. It does not contain any information at 

the microscopic level on how the sample deforms. For 

example, materials typically release heat as they undergo 

alterations because of elastic or plastic deformations 

(i.e., work). It is well known that thermal energy is 

released during the deformation and/or breaking of 

chemical bounds. 

Figure 1  The split-Hopkinson pressure bar experimental 
setup. 

In this work, high-speed infrared imaging was carried out 

during a split-Hopkinson experiment on a PVC-like 

polymer material at high strain rate (> 100 strain/s). This 

strain-rate regime is relevant for situations like impact 

and automotive crashes. The data collected in such 

experiments are used for validating finite element 

simulations and for determining accurate material 

models. The results illustrate how infrared imaging can 

bring some additional insights for material 

characterization in fracture mechanics experiments. 
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Experimental Information 

Telops FAST M2k 

The Telops FAST-M2k (see Figure 2) is a cooled high-

performance infrared camera featuring a 320 × 256-pixel 

indium antimonide (InSb) focal plane array (FPA) 

detector covering the 3 – 5.5 µm spectral range. A 50-

mm Janos lens was used for all experiments along with a 

¼-inch extender ring. A 64 × 64-pixel sub-portion of the 

FPA detector was used for imaging at 12 480 frames per 

second. 

 

Figure 2 Telops FAST M2K infrared camera. 

Split-Hopkinson Pressure Bars 

A schematic representation of a split-Hopkinson 

pressure bar experimental setup is shown in Figure 3. The 

setup consists of a series of 3 bars. The sample is 

sandwiched between the incident and transmitted bar. 

The striker bar is fired from a gas gun and hits the 

transmitted bar, creating a stress wave. The stress wave 

then propagates through the sample. Part of the wave is 

reflected through the incident bar (reflected wave) while 

the remaining part propagates through the transmitted 

bar. Strain gages are normally installed on the incident 

and transmitted bars. In this experiment, the test was 

carried out on a polymer (PVC-like) sample at about 100 

strain/s. 

 

Figure 3  Typical split-Hopkinson pressure bar experimental 
setup. 

Results and Discussion 

Selected infrared images recorded during the 

experiment are shown in Figure 4. In the early stages 

after the incident bar strikes the material, the sample 

heats homogeneously, which is consistent with the 

elastic deformation regime. As the material switches to a 

plastic deformation regime, localized heating on both 

sides of the sample takes place. The sample keeps 

heating as the sample deforms. At some stage, the 

maximum stress point is reached and stress hardening 

occur [2]. No mechanical alteration of the sample occurs 

beyond this point.  

 

Figure 4  Selected infrared images representing different 
stages of the split-Hopkinson experiment carried out on a 
polymer sample. 

The sample’s axial length (L) relative to its initial length 

(Li) was estimated from the image sequence and plotted 

against time, as shown in Figure 5. As expected, plastic 

中
国
区
总
代
理
：
南
京
健
天
光
电
科
技
有
限
公
司



 

High-Speed Infrared Imaging of a split-Hopkinson Pressure Bar Experiment  – © 2017 Telops   3 

APPLICATION NOTE 

deformation occurs as soon as the incident bar hits the 

sample. The sample axial length gradually decreases as a 

function of time it stops decreasing. Mechanical process 

and heat transfer take place on very different timescales. 

 

Figure 5  Sample compression as a function of time. 

 

Figure 6  3D-views of the net temperature increase at 
different times. 

In order to visualize these very different phenomena, a 

3D-view of the net temperature increase at various 

stages of the experiment is shown in Figure 5. The 

thermal gradient gradually progresses from the sides 

toward the center of the sample. Significant temperature 

increase occurs after there is no more mechanical 

deformation. Being able to track and measure these 

phenomena is important in order to calculate an 

accurate energy budget (thermal + work). 

Conclusion 

Experiments at high strain-rate require very fast frame 

rates as the whole sequence of events takes place in less 

than a millisecond. Heat release associated elastic and 

plastic deformation can successfully be recorded using 

high-speed infrared imaging. Under these conditions, 

spatial and temporal resolution are both important 

assets for computing an energy budget and improve 

material models. 
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