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1. Introduction
Magnetic shape memory alloys (MSMA, also known as ferromagnetic shape memory 
alloys:  FSMA), are relatively a new group of smart materials. Researchers focused on 
the production process, general properties and applications in various devices, 
including mechatronic systems. MSM alloys change their dimensions and magnetic 
properties respectively to magnitude of external magnetic field. Usually the material is 
distributed as cuboid parts with one side significantly longer than others. The relative 
permeability coefficient value drops from about 65 to 2 during elongation. Thus the 
material could be used as sensor as well as actuator. Extension could be induced by 
magnetic flux perpendicular to easy axis of magnetisation, which is parallel to the 
longer part side. The contraction could be the result of magnetic flux application 
parallel to the easy axis of magnetisation. It is possible to perform both operations by 
external mechanical simulations. There are 5 possible actuator operating modes. The 
most popular spring returned mode was the basis of transducer design, where 
elongation is caused by external magnetic field generated by coils, restoring original 
shape is provided by a spring. One research variant assumes fixation of both sides of 
MSMA sample (then elongation is impossible) the increase of the coils current [4, 5]. 

2. Design of the test stand
Authors performed measurements of the static force characteristics generated by the 
material (Fig. 1). Magnetic shape memory alloys are characterised by significantly, not 
centrally symmetric, hysteresis loop. The measured hysteresis size and shape depends 
on the material properties and actual configuration of the test stand. MSMA used in the 
stand is 1 × 2.5 × 20 mm size sample of Ni2MnGa, purchased in Adaptamat Company. 
More information about test stand could be found in publications, which describe 
authors’ earlier studies [4].

MSc Frederik Stefański
e-mail: frederik.stefanski@gmail.com

The author is a PhD student in Division of Mechatronic Devices. His scientific work focuses on issues 
related to the design of electropneumatic valves and application of smart materials in mechatronic 
devices. The topic for his PhD thesis is related to design of a pneumatic valve with piezoelectric actuator.

MSc Bartosz Minorowicz 
e-mail: minorowicz.bartosz@gmail.com
Author is a PhD student in Division of Mechatronic Devices. His scientific work focuses on issues related to the 
design of electrohydraulic devices and the use of CAx tools. Currently author began work related with use of new 
class of smart materials with magnetic shape memory in mechatronic devices. This is topic for his PhD thesis.

4. Comparison of the model and measurements results
In spite of the very complicated shape of the MSMA force hysteresis (received during 
authors’ tests), the model was built with success. The results are presented on Fig. 2 
and 3. Green line origins from the measurements, blue line comes from the KP 
hysteresis model. The results are scaled to the interval <0, 1>, where input’s maximum 
is 5 A of supply current and output’s maximum is 6 N of resultant force. The material 
was pre-tensioned, thus the force rises from 1.5 N.

Fig.1 Test stand designed for MSMA samples investigation, 1 – blocking screw, 2 – 
sable with micrometre screw, 3 – coils, 4 – MSMA, 5 – force transducer

3. Model of MSMA force transducer
This article presents a model of static hysteresis of MSMA force in function of coils 
supply current. The model is based on the Krasnosel’skii-Pokrovskii nonlinear model 
(KP), described among others in [1]. Used hysteresis system is modified KP, adopted 
mainly (with minor changes) from publication [2], but it is noticeable that the obtained 
hysteresis characteristics are significantly various. Equations describing the model are 
presented below. The model consisted of 21 hysterions and was implemented in 
Matlab-Simulink environment as m-file script.

Fig. 2  Identified hysteresis model (blue line) and the measured MSMA force 
hysteresis characteristic (green line)

Fig. 3 Validation of hysteresis model (blue lines) and the measured MSMA force 
hysteresis characteristic (green lines)
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5. Conclusions and remarks to the results
The aim of the research was to build correct static hysteresis model of the force 
actuator based on the MSMA. The model weights ware identified only on the base of 
major hysteresis loop by new authors method, which will be presented in the future. 
The model was validated with minor hysteresis loops, which were obtained by 
sourcing the MSMA with sinus signal with decreasing amplitude. The results are 
satisfactory, but some corrections are still available. Such model could be easily 
transformed to inverse hysteresis loop and would help with linearisation of transducer 
characteristic. This model would improve open and close loop regulation of the 
generated force. Similar studies were performed with position regulation issue [3].
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