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Abstract. In this work, the magnetization response of FeMnAlNi superelastic shape memory alloys (SMAs) 
is investigated under stress. Wires with a diameter of 0.5 mm were subjected to repeated abnormal grain 
growth heat treatments in order to obtain bamboo structured oligocrystalline grains that are necessary for 
superelasticity. Solution heat treated wires were aged at 200ºC for 3 h to strengthen the austenite matrix. 
Tensile cyclic tests were performed at room temperature until failure, while the magnetization response of the 
wires was monitored using a hall sensor during loading and unloading in each cycle. It is observed that after 
each cycle, overall magnetization of the alloy decreases once the irrecoverable strain is introduced after large 
deformations and magnetization of the sample is inversely correlated with the irrecoverable strain. The 
findings of this work show that the magnetic shift in Fe-SMAs under deformation can be used a health 
monitoring tool in next generation structures to detect large deformations and cracks. 

1 Introduction  
Superelastic materials are a class of shape memory 

alloys (SMAs) that can generate large recoverable 
deformations upon the application of stress [1, 2]. This 
property has been shown to limit the damages in 
structures caused by adverse events such as earthquakes 
and hurricanes [3-5]. Therefore, one of the most well-
known NiTi SMAs has been considered for a wide range 
of civil engineering applications as bracing systems [6, 7], 
concrete reinforcement [8, 9], re-centering and damping 
element [10]. However, NiTi SMAs are expensive and 
difficult to process which limits their large-scale 
applications. Instead, Fe-SMAs are inexpensive 
alternatives to NiTi SMAs and they can be easily 
processed. Additionally, they show an interesting 
magnetization change during phase transformation from 
austenite to martensite under stress. The combination of 
these properties can be used to create a new health 
monitoring framework in next generation structures 
where embedded Fe-SMAs can serve as a load bearing 
and a sensing element at the same time. 

The aim of the present work is to characterize the 
magnetic response of Fe-Mn-Al-Ni SMA under stress and 
investigate the evolution of the changes in the induced 
magnetization during superelastic transformation. 

2 Methods and experimental setup 
Heat treated rods with a nominal composition of Fe-
34%Mn-15%Al-7.5%Ni (at.%) were cold-drawn into 0.5 
mm diameter wires at room temperature with a total area 

reduction of 75%. Thermomechanical processing details 
of the heat-treated rods are given in previous studies [11]. 

In order to generate bamboo-like coarse grained 
microstructure, wires were subjected to abnormal grain 
growth heat treatments as shown in Figure 1a. Wires with 
a gauge length of 50 mm were wrapped in a molybdenum 
envelope and encapsulated in a quartz tube under a high 
purity inert argon atmosphere. Encapsulated samples 
were then cyclically heat treated at 1200 ºC for 30 min and 
subsequently air cooled to room temperature (step 1 in 
Figure1a) for a total of 5 cycles. After abnormal grain 
growth process, wires were then solution heat treated at 
1300 ºC for 30 min in a high purity inert argon atmosphere 
and quenched in water (step 2 in Figure 1a). In order to 
strengthen the bcc austenite matrix, nano-sized 
precipitates were formed through precipitation heat 
treatment at 200ºC for 3 h indicated as step 3 in Figure 1a. 

Microstructures of the wires were investigated using 
EBSD. Sample preparation was done through mechanical 
grinding and 0.04µm colloidal silica. Crystallographic 
orientation mapping of the wire parallel to the drawing 
direction is represented in Figure 1b. It is observed that, 
grains have their [011] direction aligned with the axis of 
the wire and possess strong [110] texture along the 
drawing direction. Grain size to wire diameter ratio (d/D) 
is higher than 1 and grains span across the cross section 
of the wire, which is a prerequisite for superelasticity [12, 
13]. 

 
 

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0

(http://creativecommons.org/licenses/by/4.0/). 

MATEC Web of Conferences 271, 01008 (2019) https://doi.org/10.1051/matecconf/201927101008
Tran-SET 2019



 

 

 

Fig. 1. (a) Thermal processing of Fe43.5Mn34Al15Ni7.5 (at.%) 
wires. Step 1 generates the bamboo-like oligocrystalline grains 
via cycling between 1200°C and room temperature for 5 times. 
This is followed by a solution heat treatment at 1300°C for 
30min (step 2) and 200°C for 3h (step 3) aging. (b) Demonstrates 
the electron backscatter diffraction (EBSD) crystallographic 
orientation map of the wire along drawing direction. 
 

Superelastic responses of the wires were characterized 
using an electro-mechanical MTS uniaxial tension load 
frame at room temperature. An MTS LX1500 laser 
extensometer was used to measure tensile strain with a 
reflective tag directly placed to the wire. The gauge length 
of the wires was chosen as 50 mm. Specimens were 
cyclically loaded and unloaded until failure with 1% 
incremental strain levels. Nominal deformation rate was 
chosen as 5x10-4 s-1. 

In order to measure magnetic properties of the wires 
under stress, a magneto-mechanical experimental setup 
was designed where stress, strain and magnetic flux could 
be measured simultaneously. Figures 2a and b 
demonstrate the 3D SolidWorks design and the actual 
experimental setup respectively. 
 

 

Fig. 2. (a) 3D SolidWorks model and (b) experimental setup for 
measuring magnetic properties of the FeMnAlNi wires under 
stress at room temperature. 
 

Every component of the setup (including grips) were 
fabricated using a nonmagnetic aluminum alloy which has 
a magnetic relative permeability very close to vacuum 
(1.0) [14]. Therefore, magnetic interference of the setup 
with the material response was prevented during testing. 
The setup is designed to have a flat stage where a small 
0.5 T cylindrical permanent magnet provides a bias field 
perpendicular to the loading direction, with a LakeShore 
Hall probe on the opposite side of the wire. Sensor data 
from the hall sensor is sent and recorded through the use 

of a LakeShore model 460 3-channel gaussmeter. Before 
each experiment, the hall probe is calibrated with a small 
zero gauss chamber provided by the manufacturer. 

3 Results and discussion  

Figure 3a shows the room temperature superelastic 
response of the oligocrystalline Fe-Mn-Al-Ni wire aged at 
200 ºC for 3h. The sample shows almost full recovery 
until 4-5%, after which full recovery is no longer 
observed. Irrecoverable strain reaches a maximum value 
of 2% in the 8% strain level. Critical stress level of the 
wire is around ~640MPa when it is aged at 200ºC for 3h, 
which is ~200 MPa higher than previously reported values 
of wires having [011] texture [11, 12, 15]. On the other 
hand, hysteresis of the wire, which is defined as the 
average stress difference between the loading and 
unloading curve at 3% applied strain level, is measured as 
~150MPa similar to previous studies [11, 15]. Stress 
drops are observed during forward transformation, which 
is a typical response of Fe-Mn-Al-Ni wires having 
oligocrystalline grains [11, 15].  

 
Fig. 3. Room temperature (a) superelastic tensile response and 
(b) corresponding magnetic response of oligocrystalline 
Fe43.5Mn34Al15Ni7.5 (at.%) wire aged at 200 ºC for 3 hours. 
Magnetic readings and irrecoverable strain are measured in each 
cycle after unloading. 

The evolution of magnetic flux change in each applied 
strain level is shown in Figure 3b. This is compared 
against the irrecoverable strain in each cycle (represented 
as black dots in Figure 3b). Magnetic flux change 
represents the difference between the initial magnetic flux 
(undeformed state) and the magnetic flux measured at the 
end of each cycle. It is observed that, change in magnetic 
flux is initially constant, but decreases after 4% strain 
which coincides with the introduction of irrecoverable 
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strain to the sample. This behavior suggests that the 
presence of remnant martensite in the microstructure has 
a significant effect on the magnetic response of the 
material. The reason for this behavior is a change in the 
material’s magnetic state from ferromagnetic austenite to 
weak-magnetic martensite during transformation [16]. In 
Figure 3b, the magnetic flux change however, does not 
alter significantly after 6% strain. It is important to note 
that in the current study, measurements are taken from the 
middle of the wire with a sensor area of 32 mm2, 
However, actual transformation can start and propagate 
anywhere in the material. Therefore, one possible 
explanation of this constant magnetic behavior above 6% 
deformation is the location dependence of the 
transformation and its effect on the measured magnetic 
flux.  

4 Conclusions  

In the present study, the magnetic response change during 
superelasticity in Fe-Mn-Al-Ni alloys is investigated at 
room temperature. It is shown that oligocrystalline Fe-
Mn-Al-Ni wires with a 0.5 mm diameter show a 
magnetization change under deformation up to 8%. A 
magnetization shift occurred as result of remnant 
martensite in the material and it is inversely correlated 
with the irrecoverable strain. This property can be 
harnessed as a tool to monitor and detect stresses and 
strains in next generation structures with integrated Fe-
SMAs in a non-destructive fashion. 
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