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ABSTRACT 
In this study, we propose an experimental method based on 

infrared temperature field measurements upon small strain 

fatigue loading to correlate the mechanical dissipation with 

the high cycle fatigue (HCF) behavior of NiTi. From 

monotonic loading tensile tests in the stress range of the 

HCF regime, we identified that the global temperature 

evolution of superelastic NiTi is caused by an interaction of 

three heat sources: i) the thermoelastic coupling of the 

austenite phase, ii) the latent heat exchange upon the 

austenite to R-phase transformation, and iii) mechanical 

dissipation. To deconvolve these three heat components, we 

carried out a series of temperature field measurements 

during constant-frequency-amplitude cyclic tests. Then, we 

evaluated the spectral response of the recorded temperature 

elevations and extracted its constituent frequencies. By 

simulating the thermomechanical response of NiTi upon 

cyclic loading, we resolved the contributions of each heat 

effect to the DC component and the first three temperature 

harmonics. The simulations combined a phenomenological 

SMA model with the resolution of a 1D-heat diffusion 

problem reproducing the experimental boundary conditions.  
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INTRODUCTION 

In traditional metals, the fatigue damage is characterized by 

the activation and evolution of dissipative mechanisms. The 

amount of energy dissipated in a mechanical loading cycle 

may be considered as a measure of the fatigue performance 

of materials in the High Cycle (HCF) regime [Munier, 

2014]. For superelastic NiTi, the mechanical response in the 

HCF regime shows either linear-elasticity or stress-induced 

R-phase transformation. In this regime, the amount of 

energy dissipated upon a loading cycle is difficult to 

quantify from macroscopic mechanical data as the stress-

strain curves show imperceptible hysteresis loops. As an 

alternative, we may compute the energy dissipated in the 

form of heat from temperature measurements; however, the 

temperature evolution of superelastic NiTi combines, in 

addition to dissipative processes, other heat effects such as 

thermoelasticity and phase transformstion latent heat 

release/absorption. Next, we present an experimental 

procedure used to extract the dissipation per cycle upon 

repetitive pull-pull loading applied to samples of a 

commercial biomedical NiTi alloy. Our procedure is based 

on the analysis of the frequency spectrum of the temperature 

recorded via infrared imaging. 

MATERIAL AND EXPERIMENTAL 

SETUP 
We selected a commercial cold-drawn 1.78mm diameter 

NiTi wire made by Fort Wayne Metals Ltd. (FWM) from a 

medical graded alloy denoted as NiTi#1. FWM certified a 

final cold work of 41.1%, and ~50.9 at.%Ni. In order to 

confine the material processes and dissipative/fatigue 

mechanisms into a small gauge volume upon tensile fatigue 

experiments, we processed the selected NiTi wire into 

hourglass-shaped samples, the geometry of which is 

illustrated in Figure 1a. The tensile response of the material 

shows superelasticity at 40°C (see Figure 1b). In addition, 

the material exhibits a transformation from austenite into R-

phase in the HCF regime evidenced by a loss of stiffness 

and a temperature increase as shown in Figure 1c. To extract 

the evolution of dissipative processes upon repetitive pull-

pull stresses, we tested our samples using an 

electromechanical tensile machine BOSE ElectroForce 

3330 equipped with a 3kN capacity load cell and a dedicated 

heat chamber. Upon loading, we recorded 1D temperature 

profiles of the samples using an infrared detector 

INFRATEC 8300 with 15μm spatial resolution, 20mK 

 
a) b) 
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Figure 1:  a.) Samples geometry. b) Tensile response at 40°C 

obtained via a 10mm-gauge length clip-on extensometer. c) 

Axial temperature elevation profile  vs time upon a nearly 

adiabatic tensile loading (1GPas-1) carried out at 40°C. The 

loading is applied between times t0 and t1.  



temperature resolution and image acquisition frequencies 

going up to 800Hz. We processed the temperature elevation 

in the mid cross section of the sample using numeric Fourier 

Transformation.  

RESULTS  
We show in Figure 2 the evolution of the DC value (𝜃0) and 

the first three constituent frequencies (𝜃1, 𝜃2, and 𝜃3) of the 

temperature recorded at the middle of the a sample upon a 

stepwise-increased stress amplitude test (for more details 

see self-heating test description in [Munier, 2014]). The test 

was conducted at 40°C, stress ratio equal to 0.1 

(𝜎𝑚𝑖𝑛 𝜎𝑚𝑎𝑥⁄ ), and a loading frequency of 25Hz. The stress 

threshold 𝜎𝑅 corresponds to the stress needed for the start of 

the r-phase transformation, 𝜎𝑀𝑇 corresponds to the stress 

needed for the start of the martensite transformation, and 𝜎𝑒 

corresponds to the endurance limit of the material 

determined in [Alarcon, 2017]. The 𝜃0 evolution is 

proportional to the stabilized mean temperature elevation of 

the sample or self-heating, which, as indicated in [Munier, 

2014], might be used to determine the evolution of 

dissipative mechanisms and predict fatigue properties of 

structural materials. On the other hand, the evolution of the 

amplitude of the first three constituent frequencies 

combines the thermoelastic effect, the latent heat related to 

r-phase transformation, and dissipative mechanisms. 

Interestingly, the evolution of the harmonics shows a 

pronounced increase when the applied stress goes beyond 

the endurance limit of the material, which is less noticeable 

in the 𝜃0 curve. In order to determine how the heat sources 

in NiTi affects the evolution of the temperature harmonics 

upon fatigue tests, we performed thermomechanical 

simulations of hourglass-shaped samples using a 1D version 

of the constitutive model proposed in [Sedlák, 2012] and a 

1D form of the heat equation. The simulations allowed us to 

analyse the impact of each heat source on the spectrum of 

the temperature elevation in the mid cross-section of the 

sample. Figure 3 shows the stabilized temperature 

elevations and frequency spectra issued from 25Hz, 

constant stress amplitude simulations including a) the 

thermoelastic effect only; b) the thermoelastic effect and the 

latent heat; and c) the thermoelastic effect, the latent heat 

and the dissipation related to the transformation.  

 
a) Thermoelasticity only 

 

b) Thermoelasticity + Latent heat 

 
c) Thermoelasticity + Latent heat + Dissipation 

Figure 3. Stabilized temperature elevations and frequency 

spectra issued from simulations of hourglass shaped 

samples subjected to cyclic stresses including different 

combination of heat sources. 

CONCLUSION 
When deformation mechanisms other than elasticity are 

activated, we found that the temperature evolution of the 

sample contains two higher harmonics besides the 

fundamental one. Moreover, we found that the DC 

component is related exclusively to the dissipation (self-

heating), and that it affects slightly the amplitude of the first 

harmonics. On the other hand, the thermoelasticity and 

latent heat do not have influence on the DC value. The 

thermoelasticity and the latent heat both affect the 

amplitude of the first harmonics, while the latent heat is 

responsible of the appearance of second and third harmonics 

in the temperature spectrum. 
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Figure 2. Evolution of the DC value and the first three 

harmonics of the temperature recorded upon a stepwise-

increased stress amplitude test. 


