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Abstract 

 

Background The conversion of plastic work to heat and its efficiency (the Taylor-Quinney 

coefficient - TQC), are traditionally measured using infrared single-detectors (named detectors 

from here on) which measure the temperature at a single point on the surface. Lately, fast 

infrared cameras (focal plane array of detectors that measures a 2-dimensional field of view on 

the surface) have been increasingly used for that purpose too, but no systematic study has been 

carried out yet to compare the respective performance of each monitoring system for impact 

loading conditions. Objective A comparison between the two techniques (infrared detector and 

infrared fast camera) is reported for commercial 316L stainless steel under dynamic loading in 

the Kolsky bar. The respective merits and limitations of each setup are compared and discussed. 

Methods Cylindrical specimens were loaded at a strain rate of about 3000 [1/s] in a split 

Hopkinson pressure bar (Kolsky bar) apparatus.  The transient temperature change was 

monitored in two separate series of experiments: In the first, we used a liquid N2 cooled 

Mercury-Cadmium-Telluride (MCT) detector made by InfraRed Associates (USA) with a 1.5 

MHz sampling rate, and in the second, a Telops FAST M2K high-speed infrared camera made 

by Telops (Canada) based on Indium Antimonide (InSb) array-detector and with a sampling 

rate of up to 90 kHz. Results Temperature changes under impact were successfully measured 

and compared using the two distinct techniques. In addition, the IR camera rendered a 

satisfactory thermal and visual recording of dynamic shear failure of various specimens. 

Conclusions The integral Taylor-Quinney coefficient (𝛽𝑖𝑛𝑡) can be assessed using either 

infrared detector or fast infrared camera alike, under dynamic loading conditions. However, 
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the evaluation of the differential TQC (𝛽𝑑𝑖𝑓𝑓) necessitates high sampling rates such as those 

enabled by infrared single detectors as compared to infrared high-speed cameras. 
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Thermomechanical coupling, Stored energy of cold work. 

 

 

Introduction 

Starting at least from the early days of Tresca [1], it is well-known that large amounts of heat 

can be generated in materials undergoing large plastic deformation at high strain rates. Under 

adiabatic conditions, the heat causes a significant temperature rise, which may in turn affect 

the mechanical response of the impacted material, as reflected in constitutive models such as 

the popular Johnson-Cook model [2].  

Early work by Taylor and Quinney [3] (discussed later) examined the ratio of thermal to 

mechanical work under transient conditions, also known as the Taylor-Quinney coefficient, 

TQC [3]. With the advent of infrared detectors, the TQC has been measured for various 

materials under various loading conditions, such as tension, compression, shear, and mixed 

modes [4–11]. While this paper is not meant to review the various results available of the TQC, 

a central issue is that of the simultaneous measurement of the stress, strain, and temperature of 

the loaded specimen. More specifically, since the measurements of dynamic loads and 

displacements are almost “routine” procedures using the Kolsky apparatus [12, 13], the 

remaining issue is that of real-time temperature measurement. 

At this stage, it must be clarified that, whereas the TQC is a central point of this paper, 

temperature measurements are also necessary for other assessments such as the evolution of 

the mechanical properties with the occurrence of dynamic shear localization [14], the 

occurrence of hot spots and their relevance for granular mechanics [15], and of course metal 

machining [16], just to name a few. Different techniques have been used for temperature 

measurements over the years, such as calorimetry [3, 17], thermocouples [18–20], infrared (IR) 

detectors [5–8, 21, 22] and more recently IR cameras [23–27]. Although Taylor and Quinney, 

in one of the first works regarding the conversion of plastic work to heat, used a calorimeter 

[3], it seems that IR detectors have long dominated the field of transient dynamic temperature 

measurements [11, 28–35]. Recent technological progress yielded fast IR cameras which were 
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used to evaluate the specimen’s surface temperature change, and thus the (integral) TQC for 

some materials [24, 36], and in some cases, the differential TQC, was evaluated [37].   

IR detectors have a much higher sampling rate (on the order of 1.5 MHz) as compared to the 

fast IR cameras (on the order of 100 kHz). In other words, thermal cameras “under-sample” 

the signal that would be acquired with a detector. This said, it seems that no comparative study 

has yet been made between IR detectors and fast IR cameras. Such a comparative study is the 

purpose of this paper.  

The paper is organized as follows: First, some elements of the basic theory are presented 

regarding IR measurements and the parameters for comparison between both techniques are 

discussed. Experimental procedures, methods, materials, and equipment are discussed next. 

Temperature measurements and typical failure patterns are reported next, followed by a 

discussion comparing the relative performance of each measurement technique. 

 

Theory 

𝛽𝑖𝑛𝑡 and 𝛽𝑑𝑖𝑓𝑓  evaluation 

A well-known Taylor-Quinney relation expresses the conversion of plastic work into heat [3, 

4]: 

𝛽𝑖𝑛𝑡 = 𝑄/𝑊𝑝              (1)  

when 𝛽𝑖𝑛𝑡  expresses the amount of plastic work converted into heat and is named the Taylor-

Quinney coefficient (TQC), 𝑄 is the amount of heat released, and 𝑊𝑝 is the plastic work. The 

released heat Q is calculated by: 

𝑄 = 𝜌𝐶𝑝Δ𝑇              (2) 

when 𝜌 is the materials density, 𝐶𝑝 is the specific heat at constant pressure, and Δ𝑇 = 𝑇 −

𝑇𝑖𝑛𝑖𝑡𝑖𝑎𝑙 is the temperature rise in the specimen [4]. The plastic work is defined by:  

𝑊𝑝 = ∫ 𝜎𝑖𝑗𝑑𝜀𝑖𝑗
𝑝

𝜀𝑝

0

              (3) 

The integral TQC [4]can thus be written as: 

𝛽𝑖𝑛𝑡 =
𝜌𝐶𝑝Δ𝑇

∫ 𝜎𝑖𝑗𝑑𝜀𝑖𝑗
𝑝𝜀𝑝

0

              (4) 

In Taylor and Quinney’s work with copper under dynamic loading from 1934 [3], a TQC value 

of 𝛽𝑖𝑛𝑡 = 0.9 was reported, that has been widely used since [14, 38]. Note that in many cases, 

this value is used without taking into consideration properties like material (crystal structure, 

heat treatment conditions, etc.) and loading regime changes (tension, compression, shear, 
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mixed loading, etc.). Although in some cases a TQC of 𝛽𝑖𝑛𝑡 = 0.9 is justified, it has been 

shown in many cases that TQC can be anywhere in the range of 0.2 − 0.9 for different 

materials, and even for the same material under different loading conditions [7, 29, 30, 36, 37, 

39]. All these indicate that not only the mechanical properties should be tested under working 

regime strain rate and tractions, but also the temperature of the part (specimen) should be 

monitored especially under dynamic loading where thermal conditions are close to adiabatic 

due to lack of time for conduction. 

The first law of thermodynamics (conservation of energy) yields the following coupled heat 

equation [40]: 

𝜅∇2𝑇 − 𝛼(3𝜆 + 2𝜇)𝑇0𝜀�̇�𝑘
𝑒 + 𝛽𝑑𝑖𝑓𝑓𝜎𝑖𝑗𝜀�̇�𝑗

𝑝 = 𝜌𝐶𝑝�̇�              (5) 

Where 𝜅 stands for the heat conductance and 𝛼 is the thermal expansion coefficient. 𝜆, 𝜇 are 

the Lamé constants, 𝑇0 is the initial temperature and  𝜀�̇�𝑘
𝑒  is the trace of the elastic strain rate 

tensor. In this equation,  𝛽𝑑𝑖𝑓𝑓 represents the instantaneous fraction of plastic work converted 

to heat [4]. Under high strain and strain rate loading, adiabatic conditions are prevailed, and 

the elastic term is neglected which yields: 

𝛽𝑑𝑖𝑓𝑓𝜎𝑖𝑗𝜀�̇�𝑗
𝑝 = 𝜌𝐶𝑝�̇�              (6) 

It is noted that 𝛽𝑑𝑖𝑓𝑓 is part of the coupled heat equation (eqn. 5) whereas 𝛽𝑖𝑛𝑡 basically 

evaluates the average efficiency of the thermomechanical conversion up to a given strain. 

However, 𝛽𝑑𝑖𝑓𝑓 is seldom reported, which might be due to the necessity of evaluating the 

incremental temperature at a high sampling rate, characteristic of IR detectors. 

IR detectors’ and cameras’ principle for temperature measurement 

Infrared (IR) wavelength has a large bandwidth starting from around 0.75 μm up to about 14 

μm. Different types of infrared detectors made of a verity of materials (e.g., MCT and InSb as 

in this work) available for covering part of that large bandwidth. The detector itself can be a 

photodiode or a phototransistor, which changes its resistance and voltage according to the IR 

light received (in the specific working range of wavelengths a particular detector works in). 

For the simplicity of further explanation let’s suppose we have some thermal emission (as 

expressed by the Stefan-Boltzmann’s Law [41]) and this emission is projected on an area 

equivalent to the one covered by a IR sensing device, e.g., IR detector or fast IR camera: 

𝑃 = 𝐴𝜎𝜀(𝑇4 − 𝑇0
4)              (7) 

Where P stands for the net power radiated, A is the body surface area, 𝜎 is the Stephan-

Boltzmann constant, 𝜀 stands for emissivity, T is the measured temperature and 𝑇0 is the 
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reference temperature. The body surface (A) is usually limited to the detector’s area (the 

sensing device in an IR camera is a detector too), and to expand the measured area some optics 

is used as in the IR camera case. In order to have better resolution, a larger array of detectors 

is needed [34]. The emissivity (𝜀) depends strongly on the material being measured and its 

surface conditions [41]. The detector takes this change into account by a former calibration of 

the radiometric output, performed on an opportune calibrating sample. For the camera, unless 

the exact emissivity is known or can be found, it is advised to try and turn the examined object 

to a black body (𝜀 = 1) by e.g., painting the body in very thin black opaque (i.e., matt) color 

and hence eliminate/reduce this dependency as proposed in the user manual of the thermal 

camera by Telops (the manufacturer of the camera) [42]. On the other hand, a calibration can 

be performed [26, 36] for the camera too, but it increases the additional effort of the experiment. 

There are two main types of IR detectors (also used in IR cameras), when those used in this 

work are the Mercury - Cadmium - Telluride (HgCdTe or also known as MCT for the detector) 

and the Indium – Antimonide (InSb) for the camera. IR emission detection by sensors is 

sensitive to environmental thermal changes, i.e., every environmental thermal fluctuation and 

sometimes even the kind of light (worm bulbs with warm light as opposed to LED) change will 

affect the measured temperature value especially when the temperatures of the object and the 

environment are close. For this reason, it is important to conduct a series of repetitive tests and 

to guarantee that the measured data is reliable [43].  

Relying on the work done by Rabin and Rittel [44], one can assume homogenous temperature 

inside and on the surface of a given metallic specimen under dynamic loading. Hence the 

thermomechanical coupling, i.e. the amount of energy converted to heat from plastic 

deformation in a given specimen, is represented correctly although the measurements are done 

on the surface of a specimen rather than in its core. The above is true for any surface 

temperature sampling technique. 

 

Materials and Methods 

Materials and specimens 

In this work, three materials were tested: 316L stainless steel (SS316L) in the as received 

condition, commercially pure annealed Titanium grade 4 (CP Ti) and annealed Titanium grade 

5 (Ti6Al4V). The main comparative study between the infrared (IR) detector and IR fast 

camera was done only on the SS316L. Both the CP Ti and the Ti6Al4V were used to investigate 
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additional topics with the IR fast camera, such as localized shear and failure in the localized 

shear plane and not for comparative study, although some comparison to literature is presented. 

All specimens were painted in matt-black paint (using a thin layer like a marker but not spray 

to avoid IR emission blocking) to have a closer representation to a black body as discussed 

before. The comparative study on SS316L and the study of temperature rise during failure 

along a shear localization plane in Ti6Al4V, were carried on cylindrical specimens, having 

different diameters as presented in Figure 1. Temperature rise due to localized shear and/or 

fracture was examined using shear compression specimens with 45˚ groove (SCS-45) [45, 46] 

whose dimensions are presented in Figure 2.  

 

Figure 1: Cylindrical specimens used for SS316L and Ti6Al4V tests. 
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Figure 2: SCS specimen used for CP Ti tests. 

 

Split Hopkinson Pressure Bar (Kolsky bar) apparatus 

All tests were carried out using a split Hopkinson pressure bar (SHPB) apparatus [12, 13] with 

19.05mm diameter, made of C300 steel Maraging. The incident and transmitted bars are 2 and 

1 meters long, respectively. A 250 mm long striker made of the same material and bars’ 

diameter was used to yield a strain rate of about 3000 1/s for about 100 μs.  A homemade 

Wheatstone bridge for strain gauges measurements and as a trigger setup for the IR fast camera 

were used, and a Nicolet 440 oscilloscope was used for data acquisition. 

Infrared Detector 

An InSb / HgCdTe 2-color detector (InfraRed Associates, USA) was used. This specific setup 

contains two detectors, an InSb detector for 1-5.5 μm wavelength and a HgCdTe detector for 

5.5-12.55 μm wavelength. The InSb is suitable for higher temperatures while the HgCdTe is 

for lower, so that for the present experiment we used only the HgCdTe detector. The detector 

operates at 77 K and hence its Dewar was filled with liquid nitrogen. The detector’s amplifier 

for the 1.5 MHz sampling rate was connected to a Nicolet 440 oscilloscope for data acquisition. 

The full calibration routine is discussed elsewhere [43] hence the procedure will only be 

discussed briefly in this paper. Since the detector in use has no built-in calibration unit that 

converts the detector’s output voltage to temperature, a calibration procedure is needed. The 
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first step of the calibration consists of heating up a dummy specimen from the tested material 

which is monitored by both a thermocouple and the IR detector. After the specimen has been 

heated up to a steady temperature, the soldering iron is turned off and the specimen is left for 

cooling. The cooling period of the specimen, which takes a long time without rapid changes in 

temperature, is simultaneously monitored by both the thermocouple and the detector and 

recorded using a data acquisition system (oscilloscope in this case). The recorded data enables 

one to correlate the thermocouple and detector’s output voltages. One can thus construct a 

calibration curve which transforms the detector’s output voltage into temperature during a 

dynamic experiment without the need in thermocouples. 

 Fast Infrared Camera 

Fast full-field infrared imaging was achieved using our Telops (Canada) FAST M2k infrared 

camera, which provides a frame rate of up to 90,000 frames per second (FPS) with 64X4 

pixels resolution, namely a frame each 11.1 μs. In this study 69,000 (each 14.5 μs) and 

57,000 (each 17.5 μs) FPS were used with 64X12 and 64X20 pixels resolution, respectively. 

The trade-off of using higher resolution is a wider view field which might capture more 

information while reducing the frame rate (not reaching the maximum of 90,000 FPS), this 

trade-off fitted the materials’ behavior during the experiments done in this work. In the 

specific camera used in this work, the working distance at which a sharp picture is achieved 

is 1 meter, indicating that each pixel is 0.55X0.55 mm. The focus of a picture is crucial for 

correct thermal measurements. Another important parameter for calibration is the integration 

time, which was set after some testing to 4μs to allow for high-speed imaging on the one 

hand and prevent pixels’ saturation on the other hand. The camera was triggered by the 

Hopkinson bar’s strain gauges and was controlled via the dedicated program developed by 

Telops. The camera comes with built in calibration files and four built in filters, each filter for 

a specific range of temperatures.  

• It was decided to have the tests done under direct line of sight, although materials 

passing IR emission could be used for shielding the camera from flying specimens. 

Common shield materials are not homogeneously transparent in the IR spectrum 

ranges and therefore strongly influence the acquired thermograms as presented in 

Figure 3, hence weren’t used here. In addition, and as was explained above, since the 

camera assumes black-body emissivity (𝜀 = 1) for its temperature output, each 

specimen was brought closer to black-body by painting in black according to the 

manufacturer’s recommendation.  



 

 

9 

The temperature used for the camera’s measurements analysis with cylindrical specimens 

was calculated as the mean value of all pixels along the center plane of the specimen, as 

presented in Figure 4, as the most isolated place from end effects and inhomogeneities in 

strain. For the SCS the average temperature along the gauge was used, Figure 2 presents the 

gauge definition. 

 

 

Figure 3: Different shields filter out the IR emission, and hence direct line of sight was used 

in this work. The shield materials are specified by name and white border for each picture.  

 

 

Figure 4: A close up on a specimen during testing. The SHPB’s edges are marked with white 

lines. The middle column (center plane) at the center of the specimen, as marked in black box 
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in the enlarge frame, was used for mean temperature calculation in the specimen. The ability 

to access each pixel’s temperature is shown too. 

 

Results 

Experimental results for 316L stainless steel (SS316L), Titanium grade 5 (Ti6Al4V), and 

commercially pure Titanium grade 4 (CP Ti) are presented. The SS316L was used for the 

comparative study between the IR detector and fast IR camera, Ti6Al4V was used for post 

failure characterization, and the CP Ti was used for localized shear characterization. The 

Taylor-Quinney coefficients, defined above, are among the central physical parameters of 

relevance to the thermo-mechanical description of materials. Both 𝛽𝑖𝑛𝑡 and 𝛽𝑑𝑖𝑓𝑓 are derived 

from the temperature measurements and stress-strain relations, however it was decided to show 

only the basic measured variables (stress-strain relation and temperature) rather than the 

mathematically manipulated values, since we are comparing techniques and not materials in 

this work.  

Comparative study – IR detector and fast IR camera on SS316L 

Split Hopkinson pressure bar (SHPB) tests were carried out on a cylindrical specimen (7mm 

in diameter and length) in compression and under ca. 3000 1/s strain rate. A total of 5 

specimens were tested with the IR detector, and additional 2 with the thermal camera, all 

possessing a good repeatability. The snapshots from the IR camera are presented in Figure 5. 

All signals were synchronized in time and a specific example of two tests is presented in 

Figure 6, one using the IR detector and the other using the camera. After time 

synchronization was done, each temperature could be related to a specific strain value. Using 

this correlation between the temperature and strain for each test and IR measurement methos 

and combining with the stress strain data achieved from SHPB experiments, one can build the 

material’s characterization curves as presented in Figure 7. The mean value of the stress and 

temperature as a function of strain are presented with a full line, while the standard deviation 

is represented by the shaded area. A satisfactory comparison was achieved between the IR 

detector and IR fast camera readings, resulting in almost identical results.  
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Figure 5: Snapshots of SS316L at 57,000 FPS with 64x20 pixels resolution. The SHPB’s 

edges are marked with white lines and the time at each frame is written.  

 

 

Figure 6: Temperature rise (𝛥𝑇) and true strain Vs. time for SS316L.  Synchronization of the 

fast IR camera shows good correlation to the measured temperature using the IR detector.  
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Figure 7: True stress and temperature rise (𝛥𝑇) Vs. true plastic strain for SS316L. The black 

line represents the stress-strain plot for all specimens tested. Blue and red lines represent the 

temperature rise with strain for the detector and camera, respectively. The shaded areas 

represent the standard deviation. The diamond markers represent the measured points with 

the camera.  

Extending the sampling time - Failure along a shear plane measurement  

After establishing the satisfactory correlation for temperature measurements between both IR 

techniques, it was decided to extend the framework and to investigate shear band failure with 

the fast IR camera. For that a Ti6Al4V was used due to its known failure mode along a shear 

plane. The clear advantage of the camera over the detector, i.e., full field visualization, was 

taken into advantage to examine the deformation and post failure temperatures. The 

snapshots are presented in Figure 8 and the stress – temperature – strain relation is plotted in 

Figure 10. Figure 8 shows the specimen being almost homogeneously heated up to some 

point (𝑡 = 76.92 𝜇𝑠) where a localized shear plane can be seen, the specimen after test is 

shown in Figure 9. The high temperatures along the shear plane were above the saturation 

value of the first filter (having a temperature range of −20 ÷ 168 ℃), hence the test was 

repeated using the higher temperature range filter lens (having a temperature range of 129 ÷

450 ℃). Here, temperatures above 300 ℃ were recorded along the failure shear plane. 

Synchronizing signals in time as was done for the SS316L and extracting temperature and 
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strain relation enabled the construction of Figure 10. Using a detector limits the field of view 

due to its small area detected once the incident bar of the SHPB pushes the specimen away, 

but the camera on the other hand enables the analysis of longer timescales even after 

specimen has failed. Hence failure modes and temperatures can be studied using the camera. 

Comparing results for Ti6Al4V from literature, measured by an IR detector, reveals similar 

results up to failure [7]. As presented in Figure 10, the specimen is almost homogenously 

heated until failure, and only when final failure sets in (adiabatic shear band and friction) the 

recorded temperature increases at a much higher rate. This experiment emphasizes the wide 

range of applications for full material characterization, as mentioned in the introduction. The 

increasing dispersion of the measurement temperature presented in Figure 10 is due to the 

averaging of the central column of the specimen, as was shown in Figure 4 for SS316L. 

However, the localized hot shear plane as respect to the other part of the specimen introduce 

increasing temperature differences, and hence increasing deviations in temperature’s mean 

value. 

 

Figure 8: Snapshots of Ti6Al4V at 69,000 FPS with 64x12 pixels resolution. The SHPB’s 

edges are marked with white lines and the time is written for each frame. At the post-failure 

step a failure along a shear plane can be seen (𝑡 = 86.96 𝜇𝑠). A large temperature increase 

caused by the shear plane is presented from 𝑡 = 86.96 𝜇𝑠 with both filters (different 

temperature range). 
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Figure 9: Ti6Al4V cylindrical specimen after test. The shear failed plane can be seen.  

 

 

Figure 10: True stress and temperature rise (𝛥𝑇) Vs. true plastic strain for Ti6Al4V. The 

black line represents the stress-strain plot for all specimens tested, when the straight light 

blue line marks the failure point in the specimen. The red line represents the temperature rise 

with strain as measured by the camera. The diamond markers represent the measured points 

with the camera when the corresponding frame is attached. The shaded areas represent the 

standard deviation.  

 

 

Examining the ability of local measurements along a shear plane  

For completion, a shear compression specimen (SCS) made of CP Ti was tested with the 

same experimental configuration, and the experimental sequences are presented in Figure 11.  

Although the deformation is localized in a thin gauge compared to the large size of the pixels 

(0.55 X 0.55 mm), it was possible to see the expected and desired result. At the beginning a 
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moderate temperature rise is detected only along a well-defined plane, as reported earlier for 

shear specimens [7, 10, 11], of the gauge and up to failure. From that point, the temperature 

rises dramatically due to failure as was presented above for Ti6Al4V. Once again, the post-

failure temperature rise is very high and hence the use of the higher temperature lens was 

needed.  

 

Figure 11: Snapshots of CP Ti at 57,000 FPS with 64x20 pixels resolution. The temperature 

rises along the gauge during the plastic deformation, including failure can be seen A large 

temperature increase caused by the shear plane is presented from 𝑡 = 70.17 𝜇𝑠 using both 

temperature range filters. This test presents the feasibility of measuring thin adiabatic shear 

planes. 

  

 

Discussion 

The main goal of this work is to compare the IR detector with the fast IR camera under 

dynamic loading and present some additional tests to elaborate upon the camera’s 

capabilities. The comparative study was carried out on SS316L cylindrical specimens, while 

post failure analysis was done with Ti6Al4V cylindrical specimens, and the shear dominant 

behavior was tested using SCS made of CP Ti. 

The comparative study on SS316L reveals an excellent correlation between the two 

techniques, detector, and camera. This correlation implies that the usually used TQC (𝛽𝑖𝑛𝑡) 

can be deduced correctly using the camera since the extreme values and the general relation 

of the temperature and strain are preserved (at the measured points). However, due to the 
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lower frame rate of the camera as compared to the detector, some interpolation should be 

done between the measured points with the camera. For example, using linear interpolation 

between measured points can be done (unless a better correlation is known a -priori). This 

linear interpolation misses the local real slopes (as can be concluded from Figure 6) of the 

temperature rise as a function of the time (and also strain) and hence 𝛽𝑑𝑖𝑓𝑓 will be inaccurate, 

compared to the much more accurate slopes measured with the detector. This is true for most 

cases unless the relation between temperature and plastic strain (also time) is linear so that 

𝛽𝑑𝑖𝑓𝑓 will be similar (as in the cases presented in this work to a good approximation), and in 

fact the case of linear relation yields 𝛽𝑑𝑖𝑓𝑓 = 𝛽𝑖𝑛𝑡. One should be alerted of this limitation 

(linear interpolation) when using e.g., unstable material going phase transition during 

deformation like SS304. In this case, the temperature may fluctuate a lot with time, breaking 

the linear relationship between temperature and strain [6]. These fluctuations may cause 

instantaneous increases or decreases in temperature which will affect the 𝛽𝑑𝑖𝑓𝑓, and will 

probably be detected by the detector but not by the camera. Another issue that one should pay 

attention to is that measuring temperature rise for materials with low ductility akin to a short 

time to failure, will be much simpler (if not solely possible) with the detector due to its much 

higher sampling rate.  

The failure along a shear plane test using Ti6Al4V has shown that post-failure behavior using 

SHPB experiments can be tested using the fast IR camera due to the full field measurement 

ability. The added value from such experiments might be great since there is a large 

temperature rise, e.g., a flammable gas might ignite if stored in a pressure vessel made of 

Ti6Al4V upon failure (strength considerations are another issue).  This kind of analysis isn’t 

possible using the detector since the detector measures a very localized area. This localized 

measurement, while measuring inhomogeneous and very local phenomena, implies that one 

may easily miss the shear plane using a detector. Moreover, at longer times, the incident bar 

intersects the detectors line of sight due to its movement which in turn interferes with the 

measured values. 

When the shear plane is known or predefined as in the case of the SCS test with CP Ti, both 

the detector and camera might work. It is shown that although the camera’s pixels are large, it 

is possible to follow the temperature rise in a very narrow shear plane. 

Both experiments involving shear planes (and then fracture planes friction) had a large 

temperature rise which could be evaluated in one experiment using a detector while two 

experiments were needed for the camera. The IR detector was calibrated in these tests, for 
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each specific material, to the desired temperature range of up to about 350 ℃. Unlike the 

detector, the camera has calibrated ranges of temperatures for each lens precluding a 

continuous measurement over a wide temperature range. Hence at least two tests had to be 

performed in this case of shear planes in Ti6Al4V and CP Ti, one for the first temperature 

range of -20 – 168 ℃ and the other for the next range of 129 – 450 ℃.   

Table 1 summarizes the as the outcomes of the present study as pros and cons of the IR detector 

and fast IR camera. It is important to emphasize that this comparative table is for the detector 

and camera used in this study. The table might be slightly different if for example other optics 

were used with the camera enabling better resolution by reducing the pixel size, or larger areas 

could be tested using an array of detectors instead of a single detector. However, the general 

picture will probably remain similar. 

   
 

Detector Camera 

Sampling rate Very high – 1.5 MHz High – 90 kHz 

Calibration Repeated and thorough 

calibration needed 

No calibration needed 

Ease of use Complex, with many fixed parts Versatile and flexible 

Proven technique Well known & proven Relatively new and less tested 

Measurement field Narrow area of measurement Full-field map 

Resolution Detector size 0.25X0.25 mm Each pixel is 0.55X0.55 mm 

Cooling system Liquid nitrogen Built-in cooler 

Range of 

measurement 

Continuous up to calibrated 

temperature 

Discrete temperature range 

measurement 

Low ductility 

materials 

Partially applicable  Not applicable 

𝜷𝒊𝒏𝒕 evaluation Able to evaluate 𝛽𝑖𝑛𝑡 Able to evaluate 𝛽𝑖𝑛𝑡 

𝜷𝒅𝒊𝒇𝒇 evaluation Able to evaluate 𝛽𝑑𝑖𝑓𝑓 Limited to evaluate 𝛽𝑑𝑖𝑓𝑓 

Table 1: Pros and cons for the IR detector and high-speed IR camera as used in this study, 

for dynamic testing,. 

 

Conclusions 

A comparative study between the commonly used IR detectors (1.5 MHz) and the new 

technology of fast IR cameras (90 kHz) was done under large strain and strain rate to investigate 
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the temperature rise of metals. A satisfactory temperature correlation was achieved at the 

measured points, meaning that 𝛽𝑖𝑛𝑡 (Taylor-Quinney coefficient) can be correctly computed 

using both techniques. However, the larger sampling rate of the detector enables it to reliably 

assess 𝛽𝑑𝑖𝑓𝑓 unlike the camera. The full field advantage of the camera was shown using a post 

failure analysis otherwise hard to achieve. In addition, a good ability to measure very local 

deformation using the camera was also presented. Although both techniques are sometimes 

interchangeable, as for 𝛽𝑖𝑛𝑡 calculations, each of them has its advantages and hence should be 

chosen according to the necessity. 
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