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Over the years, the Italian Government has taken significant strides in promoting road safety awareness among the students in high 

schools to create an awareness of prevention and a consciousness of road safety in the student population. In this context, an agreement 

was signed between the DICEAM Department of the “Mediterranea” University of Reggio Calabria (Italy) and the “Euclide” Higher 

Education Institute Bova Marina (Italy) to combine road safety with research science in the Science, Technology, Engineering, and 

Mathematics (STEM) area. With the primary aim of “knowing in order to act”, the students focused on the multi-physics design of 

magnetorheological fluid dampers as high-performance devices (simple to design and requiring reduced maintenance) for vehicle 

suspensions, especially class B vehicles. By combining road safety considerations with multi-physics scientific disciplines, the project 

seeks to emphasize the importance of prevention and knowledge-based action. The study explores the use of magnetorheological fluid 

dampers, powered by electric current and magnetic induction distribution with thermal loads, to provide appropriate yield stress for 

developing damping action with repercussions on the quality of road safety. The paper delves into the basic principles of FEM (Finite 

Element Method) techniques for analyzing an MR damper from both magnetostatic (the main cause generating the damping effect) 

and thermal perspectives (thermal effects are strongly influenced by environmental conditions). The analysis of an asymmetrical 

device, where the damping action relies on an MR fluid strip, reveals the significant influence of magnetic and thermal stresses on the 

magnetization of individual particles and the overall viscosity of the MR fluid. 

 

 

1 Introduction 

 

In recent years, the Ministry of Education and Merit 

(MIUR) of the Italian Government has been involved in 

road safety education projects within schools. These 

initiatives utilize innovative methodologies for the 

involvement of student populations in prevention and 

training interventions to promote road safety culture, 

prevention and knowledge-based action (for example, 

respect for traffic regulations), and education for 

sustainable mobility among students [1, 2]. The paper 

highlights the emerging awareness in scientific schools 

of the potential synergy between road safety and 

scientific research in the STEM domain (Science, 

Technology, Engineering, and Mathematics), 

particularly in the automotive industry [3-5]. But in 

order to act, it is necessary to have a comprehensive 

understanding of the devices mounted on motor vehicles 

that directly impact road safety, including brakes and/or 

dampers [6-8]. While brakes have a well-established 

scientific-technological substrate, dampers, which are 

installed on vehicles to absorb and dampen impulsive 

shocks and reduce suspension oscillations, present 

intriguing open research challenges [9, 10]. In light of 

this, a Memorandum of Understanding was initiated 

between the “Euclide” High Education Institute of Bova 

Marina (Italy) and the DICEAM Department of the 

“Mediterranea” University of Reggio Calabria (Italy) to 

develop a path way aimed at engaging the high school 

student population in scientific research within the 

STEM area, specifically focusing on safety dampers for 

the automotive industry. Presently, the automotive 

industry offers a wide range of dampers, including 

hydraulic [11], magnetic effect [12], hysteretic modality 

[13], pneumatic, and friction [14], with well-established 

performance and criticalities limiting its production and 

diffusion. During car usage, mechanical vibrations 

arising from the transmission of oscillating energy can 

either be useful or harmful and/or destructive, 

necessitating cancellation or, at the very least, 

dampening to achieve high levels of comfort [15]. 

Recently, specific uses of Magnetorheological Fluids 

(MR) have been introduced in semi-active dampers as 

regulators of the damping coefficient during the stroke 

of the interacting piston, enabling real-time adjustments 

[16] through the use of external magnetic fields. These 

adjustments ensure instantaneous damping control based 

on the road surface conditions and the driver’s requests, 

reducing vehicle movements and guaranteeing better 

handling and enhanced road holding with optimal wheel 

grip in all conditions [17]. As a result, driving becomes 

more enjoyable and safer due to reduced roll and 

enhanced control over sensitive operations such as 

acceleration, braking, and changes of direction.  
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The capability of the fluid within the dampers to vary its 

rheological-dynamic characteristics in response to an 

external magnetic field, denoted as H and controlled by 

electronic devices, is key to achieving these benefits. 

When subjected to H, the particles suspended in the fluid 

promptly align themselves in chains with high 

mechanical resistance, effectively transforming the fluid 

into a material with rheological characteristics akin to 

extremely hard plastic [18, 19]. When the influence of H 

ceases, the particle chains instantaneously disintegrate, 

restoring the material to its initial rheological-dynamic 

properties. Even though the scientific-technological 

development of MR fluid dampers has advanced to 

a stage where high-performance MR fluid dampers can 

be easily produced on a large scale with minimal 

maintenance interventions, there remains a necessity to 

develop physical-mathematical models that locally and 

exhaustively describe the behavior of the device. These 

models should correspond to computationally simpler 

experimental counterparts, especially under specific 

operating conditions, enabling understanding, analysis, 

and prediction of the operational performance during the 

design phase. Obviously, the application of a greater 

external magnetic field strength (H) results in a higher 

induction field B in the coil, leading to an increase in 

mechanical stress, 𝜏, until it reaches the yield stress, 𝜏0, 

giving the MR fluid a viscosity comparable to that of 

highly resistant plastics [20]. Experimental models 

typically exhibit an additive structure with weighted 

components, encompassing both elastic and viscoplastic 

contributions. The weights are formulated such that the 

viscoplastic components become prominent as 𝜏 

approaches 𝜏0. Furthermore, several fundamental 

questions persist, both in theoretical and experimental 

contexts. These range from the modeling of the 

relationship between H (and therefore the electric 

current, I, generating H) and 𝜏0  (maximum permissible 

mechanical stress beyond which the MR fluid transitions 

from an extremely hard plastic to a fluid, even when 

|H|≠ 0; to the physical-mathematical modeling of 

magneto-thermal analyses. The latter is crucial for 

evaluating potential overloads during the device design 

phase, along with assessing the influence of the absolute 

temperature, T, on the rheological properties of the MR 

fluid. It is worth noting that many experimental models, 

while computationally efficient, lack the level of detail 

provided by theoretical models, albeit at significantly 

higher computational costs. Recent developments have 

uncovered qualitative equivalences between theoretical 

models and experimental evidence. However, these 

equivalences have not yet fully elucidated the 

relationship between 𝜏0 and H, let alone the distribution 

of H (and consequently B) and T within the device. Such 

insights are crucial for identifying magnetic and/or 

thermal load-related challenges. In this paper, the project 

participants have venture into the analysis of 

a significant MR damper using Finite Element Method 

(FEM) techniques for the first time. This particular 

damper relies on a strip of MR fluid solicited by 

increasing I and circulating in the coil, producing the 

distribution of B in order to highlight potential 

hazardous boundary layers that could hinder the proper 

functioning of the device. Finally, given that T exerts 

a global influence on device performance (especially 

considering that the external environmental tempera-

tures can vary significantly depending on the latitudes in 

which the vehicle operates), the distributions of T have 

been obtained to highlight any thermal loads compro-

mising the correct damper operation. 

The subsequent sections of the paper are structured 

as follows: Sections 2 and 3 propose some basic 

backgrounds in magnetostatics and thermostatics useful 

for the physical-mathematical formulation of the 

challenge. Section 4 presents a detailed description of 

the geometry of the MR fluid damper under study. 

Sections 5 and 6 delve into the magneto-thermo-static 

analysis of the device. Finally, some conclusions and 

future perspectives are drawn. 

 

2 Some backgrounds for magnetostatics 

Scholars approached the challenge under study by 

delving into Maxwell’s equations for magnetostatics, 

which are well-recognized and take the form [21] 

{
∇ ⋅ 𝐁 = 0     
∇ × 𝐁 = 𝜇0𝐉
𝐁 = 𝜇0𝐇      

 
(1) 

where J represents the electrical current density while 𝜇0 

is the magnetic permeability of the free space; moreover, 

when 𝐉 = 0, B is solenoidal. With these premises, it is 

possible to consider a vector potential, A, in order that  
𝐁 = ∇ × 𝐀 (although, here, the uniqueness of B is not 

ensured). Particularly, 

𝐁 = ∇ × 𝐀 = ∇ × (𝐀 + ∇𝑓) = ∇ × 𝐀 (2) 

because ∇ × ∇𝑓 = 0 since f can be any. However, if J is 

defined and the magnetic permeability of the material 

can be considered invariant with the variation of the 

magnetic induction, it becomes feasible to employ Biot-

Savart type integral formulations. Those formulations 

are familiar from the basic physics courses and facilitate 

the modelling of the relationship between I and B [22]. 

Naturally, when dealing with simple geometries, the 

integral can be readily solved. For more complex 

geometries, the integral can be computed for each 

section. Finally, for the more complex geometries, the 

most performing technique of numerical integration 

would solve the challenge. Prudent consideration must 

be given to boundary conditions; particularly the 

continuity of the normal component of B when 

transitioning between materials (transit from the metal 

parts to the fluid MR strip). Concerning the field H,  

the ratio of the normal components strongly depends on 
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the magnetic permeabilities of the material involved 

(with J, the tangential components of H exhibit 

discontinuity), as known from basic physics courses, 

[23]. Equations (1), with suitable expedients, are 

sufficient to describe the magnetic-static behavior of the 

MR damper under study. 

 

3 Some backgrounds for thermostatics 

Indicating by 𝐯 ∈ ℝ3 the vector position and by t the 

time variable, the flow of heat, 𝐪(𝐯, 𝑡), in a MR fluid can 

be formulated by the Fourier’s law 

𝐪(𝐯, 𝑡) = −𝑘(𝐯)∇𝑇(𝐯, 𝑡) (3) 

where 𝑇(𝐯, 𝑡) represents the absolute temperature and 

𝑘(𝐯) is a coefficient taking into account the thermal 

peculiarities of the materials in which the heat flows. 

However, in homogeneous materials, k can be assumed 

to be independent of v. In such cases, the parabolic heat 

equation can be written as follows 

𝜕𝑇(𝐯, 𝑡)

𝜕𝑡 
= 𝐷 Δ𝑇(𝐯, 𝑡) + 𝑔(𝐯, 𝑡) 

(4) 

where 𝐷 > 0 is the real diffusion coefficient while 

𝑔(𝐯, 𝑡) considers any external heat sources. Since (4) is 

an evolutionary dynamic equation, it requires both initial 

and boundary conditions. Particularly, if V is the domain 

and 𝜕𝑉 is its border, it is pertinent to consider the 

following Dirichlet boundary condition (referred to the 

temperature) 

𝑇(𝐯, 𝑡) = 𝑇𝑞 ,       𝐯 ∈ 𝜕𝑉 (5) 

Even if Neumann boundary conditions (since they are 

referred to the heat flux across the edges) 

𝑘∇ 𝑇(𝐯, 𝑡) ⋅ 𝐧 = 𝑞,      𝐯 ∈ 𝜕𝑉. (6) 

could be exploited. Concerning the initial condition, it 

can be written as follows: 

𝑇(𝐯, 0) = ℎ(𝐯),   𝐯 ∈ 𝜕 𝑉 (7) 

while, no conditions are assigned at the final time, 𝑡̅, 
because all conditions are assigned just on the parabolic, 

𝜕𝑃𝑄𝑇, where 𝑄𝑇 is the cylinder constituted by  

[(𝑉(∪ 𝜕𝑉) × {𝑡 = 0}] ∪ 𝜕𝑉 × (0, 𝑡̅ ]. (8) 

Moreover, indicating by h and k1 the thermal 

conductivity and the heat transfer coefficient, 

respectively, the law of cooling becomes: 

ℎ∇𝑇(𝐯, 𝑡) ⋅ 𝐧 = −𝑘1(𝑇(𝐯. 𝑡) − 𝑇𝑞),       

𝐯 ∈ 𝜕𝑉. 

        (9) 

Obviously, in our case, 

𝑇 = 𝑇(𝐯),    𝑔 = 𝑔(𝐯) (10) 

 

so that Eqn. (4) becomes 

𝐷 Δ𝑇(𝐯) + 𝑔(𝐯) = 0 (11) 

Finally, without external heat source (i.e., 𝑔(𝐯) = 0),  

the thermostatic model becomes: 

{
Δ𝑇(𝐯) = 0         𝐯 ∈ 𝑉
𝑇(𝐯) = 𝑇𝑞        𝐯 ∈ 𝜕𝑉.

 
(12) 

It is evident that before solving (12), it is necessary to 

establish whether it admits a unique solution. As per  

a well-known theorem [24], since the external source is 

zero (and, therefore, continuous together with its first 

derivative), it follows that (1) admits a unique solution 

that is sufficiently regular exhibiting high spatial 

gradients and, therefore, potentially dangerous boundary 

layers in some areas of the device (as, moreover, 

predicted by the maximum theorems [25]). Furthermore, 

the solution is easily obtainable when the device consists 

of simple geometry while numerical approaches are 

needed for complex geometries. In all cases, in order to 

circumvent spurious solutions (i.e., numerical solutions 

that do not satisfy any condition of existence and 

uniqueness of the analytic solution) it is imperative to 

possess algebraic conditions (preferably in the form of 

an increase) ensuring existence, uniqueness and possibly 

regularity of the solution for the equation (9) [25]. 

 

4 The device under study: MR fluid damper  

for automotive applications 

The damper under study, depicted in Fig. 1, consists 

of a steel piston (with a Young’s modulus equal to 

2.1 × 1011 Pa and a Poisson’s coefficient equal to 0.31) 

with a radius, R, which contains the housing of the coils, 

which, upon passage of I, generate H. The piston-coil 

coupling is in turn contained in a steel cylinder with  

a thickness, represented as t, equal to 9 mm with an air 

gap of 11 mm in which the strip of MR fluid is located. 

Additionally, the distance from the piston rod to the 

inner edge of the spool, designated as H, measures 8 mm. 

Finally, the piston is configured to contain the coil 

(length l equal to 23 mm) inside it, with post length L 

equal to 24 mm. Regarding the MR fluid, the focus is on 

the MRF-132AD product manufactured by the Lord 

Corporation, as it is the most commonly used for 

dampers in the automotive industry.  

The device, as described here, represents the 

schematization of real devices already in use in the 

automotive industry of high-performance cars. It is 

worth noting that the device under study has been 

extensively studied in [26] using a very detailed 

theoretical approach, based on thermodynamic with 

tensor internal variable and constitutive equations, but 

suffering from high computational complexity and 

therefore not suitable for any real-time applications. 
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Fig. 1. 1D Schematization of the MR fluid damper 

under study: MR fluid strip is located in the air gap 

separating the piston that contains the external cylinder 

(the vertical line on the left represents the device axis of 

symmetry). 

 

5 On the magnetostatic analysis of the device 

The analytical model, given the geometry, is difficult 

to solve explicitly, so we rely on FEM numerical 

procedures.  Particularly, we used the ANSYS ToolBox 

and, especially, its module 13, which is capable of 

solving magneto-thermo-static problems. As known, if 

N is the number of windings of the coil having a certain 

length, L, and a section, A, the amplitude of the current 

density, J, can be calculated as  

 

|𝑱| =
𝑁𝐼

𝐴𝐿
 

(13) 

 

 

where I is the current flowing in the coil. We observe that in 

commercial vehicles, the battery usually supplies 12 V while 

the loads vary according to the running conditions of the 

vehicle.  

 

 
 

Fig. 2. Mesh for the FEM approach 

 

 

 

Since I strongly depends on the resistive loads, it 

appears imperative to study the behavior of the damper 

under different load conditions and, therefore, as I vary. 

It follows that by increasing I, |B| increases, resulting in 

increased viscosity and 𝜏 of the MR fluid. So, to make 

the 𝜏 − |𝐁| link, we will exploit a polynomial expression 

as [27] 

𝜏(|𝐁|) = ∑ 𝑎𝑖|𝐁|4−𝑖,       𝑎𝑖 ∈ ℝ+

3

𝑖=0

 

 

(14) 

able to achieve, as I increase, the corresponding |𝐁max| 
from which to get 𝜏0. However, as can be seen from 

Fig. 1, the geometry of the MR damper is delimited by 

edges parallel to the lines of force of B, allowing the 

construction of a regular mesh whose finite elements are 

quadrangular in shape [24]. With this premise, we 

subdivide the domain V into m sub-regions, Sr, (i.e., 

cylinder coil, ...) juxtaposed to each other (i.e.,  
𝑆𝑟 ∩ 𝑆𝑟′ = ∅ with 𝑟 ≠ 𝑟′ such that their union, ⋃ 𝑆𝑟

𝑚
𝑟=1 , 

entirely covers V. Each sub-region is subdivided into 𝑚𝑇 

quadrangular finite elements for which V is 

representable as ⋃ 𝑇𝑠
𝑚𝑇
𝑠=1 , such that 𝑇𝑠 ∩ 𝑇𝑠′ = ∅, with 

𝑠 ≠ 𝑠′. It is worth noting that the mesh thus constructed 

is well-posed since, ∀𝑠 ≠ 𝑠′, it is easy to verify that 

𝑇𝑠 ∪ 𝑇𝑠′  is either empty or consists of exactly one node 

or one edge and each finite element is characterized by 

zero measure. Moreover, the quality of the mesh has 

been verified by well-established parameters, such as the 

index of skewness (measuring the deviation of a cell 

from an ideal cell) and the aspect ratio calculations 

(measures of the stretching of a cell). The mesh, made 

up of 6018 nodes forming 4824 finite elements delimited 

by 3874 surface elements, has been achieved through  

a Delaunay procedure for non-convex domains (such as 

the domain under study), obtaining a regular distribution 

of finite elements by selecting a set of edges constructed 

in such a way that the mesh associates the afore-

mentioned edges to a pre-established set of finite 

elements (Fig. 2). Particularly, the elements of the mesh 

Table 1. 

|𝐁|min and |𝐁|max as I increases 

I (Ampere) 
|𝐁|MIN  
(Tesla)  

|𝐁|MAX  

(Tesla) 

2 6.94 × 10−5 0.892 

3 1.43 × 10−4 0.914 

4 1.49 × 10−4 0.966 

5 1.86 × 10−4 0.999 

6 2.19 × 10−4 1.04 

7 2.61 × 10−4 1.19 

8 2.94 × 10−4 1.23 

9 3.26 × 10−3 1.26 

10 3.49 × 10−3 1.30 

11 3.97 × 10−2 1.38 

12 4.65 × 10−2 1.40 
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have been structured in such a way that the sphere 

circumscribed by each finite element has no vertices 

inside it.  

Once the mesh has been built, I has been circulated 

in the coil so that the vector potential A is set to zero; 

then, since locally the mechanical stress depends on 𝜏 

(which, in turn, depends on |𝐁|) for each point of the 

domain, the norm of the difference of |𝐁| in two 

successive iterations 

 ||𝐁|𝑗+1 − |𝐁|𝑗|   (15) 

has been evaluated so that the procedure stops when its 

variation is null (or, in any case, below a certain small 

threshold, as desired). However, it must be taken into 

account that |𝐁| increases as I increase. Subsequently, it 

becomes meaningful to compute |𝐁| whose electric 

current values ranging from 2 A to 12 A, as currently 

used in the design practice of MR dampers for the 

automotive industry. Such values of |𝐁| are displayed in 

Table 1, revealing a maximum value of |𝐁| at 

approximately 1.4 T. This value notably remains well 

below the saturation value of the MR fluid considered 

(confirming the initial hypothesis consisting of 

neglecting the presence of any housing cover and 

neglecting the eddy currents). The magnetostatic 

analysis carried out showed that, when I is maximum, 

the most magnetically stressed area is the strip of MR 

fluid; however, as already highlighted, B is strongly 

below the saturation value, therefore the optimal 

performance of the damper is ensured.  

To specify 𝜏(|𝐁|), the conventional Bingham model 

cannot be used as we do not know 𝜏0. Then, we adapt 

(14) to the specific case of the type of MR fluid used 

(Lord MRF-132AD fluid) by setting ai as follows [27] 

            𝑎0 = 6.5,   𝑎1 = −26.1,     

            𝑎2 = 26.9,        𝑎3 = −0.59  

 

(16) 

so that, by replacing |𝐁max| for |𝐁|, (14) gives the 

required link. As shown in Table 2 and in Fig. 3, the 

studied damper, offers very good mechanical resistance 

since the maximum current circulates in the coil, 

𝜏0 = 146 kPa, which is also confirmed by the fact that 

the mechanical force in the damper, calculated as 

described in [27] exceeds 10 kN when the current 

circulating the coil is the maximum allowed. 

Finally, since the device operates in shear mode (i.e., the 

surfaces have a relative motion with respect to each other 

in which the MR fluid operates), the force created 

consists of two independent viscous components: 

|F| = [
𝑆⋅𝐴⋅𝜂

𝑔
] + 𝐴 ⋅ 𝜏𝑚𝑟 (17) 

where S represents the relative speed of the surfaces,  

A is the surface area, g is the fluid gap, 𝜂 is the viscosity, 

and 𝜏𝑚𝑟 is the yield stress variable in response to an 

applied magnetic field. The trend of (17) is such that, 

when the piston speed is the maximum allowed, it 

develops a force of 10.14 kN. 

 

Fig. 3. Trend of the yield stress as the current circulating  

in the coil increases 

 

6 On the thermostatic analysis of the device  

under study 

Starting from the assumption that in MR dampers, the 

heat propagates only by conduction (since convection 

and radiation are practically nil), Eqn. (12) has been 

solved numerically without an external heat source using 

a mesh (constructed with the same procedure used in the 

magneto-static analysis) but less dense than in the 

previous case (496 finite elements, 394 surface elements, 

and 731 nodes) as the heat transmission is supposed to 

be in a static regime. The generated heat maps have 

revealed distinctly differentiated 𝑇(𝐯) distributions, 

with high thermal loads in correspondence with the MR 

fluid strip. However, acknowledging that the damper is 

potentially utilized on vehicles operating at different 

latitudes, the heat maps were as varied as 𝑇𝑞 possible. 

Particularly, for  𝑇𝑞 < 263 K, the MR fluid strip is 

subjected to a limited thermal load: insufficient heat is 

Table 2. 

𝜏0 as I increases 

I (Ampere)  
𝜏0  

(kPa) 

2    41.0 

3    44.7 

4    50.5 

5    55.0 

6    57.5 

7    59.9 

8    73.9 

9    78.5 

10    84.3 

11  125 

12  146 
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generated within the MR fluid to facilitate substantial 

heat transfer to other segments of the device. However, 

even if 𝑇𝑞 increases, the maximum detectable absolute 

temperature undergoes minor fluctuations in comparison 

to its minimum value, which increases significantly.  

Consequently, 𝑇(𝐯) in the MR fluid levels remains 

(albeit with slight fluctuations), while the other sections 

of the device 𝑇(𝐯) exhibit comparatively higher values, 

albeit without undergoing substantial changes. The 

scenario changes when 𝑇𝑞 exceeds 323 K (while 

remaining below 413 K). In this case, the absolute 

temperature within the piston exhibits negligible 

fluctuations, yet substantial variations are observed 

within the housing, causing noteworthy shifts in the 

viscosity, 𝜂, of the MR fluid. Specifically, based on [27], 

the relationship is expressed as 

𝜂(𝑇(𝐯)) = 0.2 − 11 × 10−4 𝑇(𝐯) (18) 

which shows that increases in 𝑇(𝐯) linearly affect 

decreases in 𝜂 which reaches its maximum value at 

absolute zero temperature. 

 

Fig. 4. Trend of M(|H|) as T increases 

 

Temperature, in addition to globally influencing the 

MR fluid (change in 𝜂), also influences the 

magnetization, 𝑀(|𝐇|), of the particles suspended in the 

MR fluid. Particularly, by [27],  

{
𝑀(|𝐇|) = 𝑀𝑠 [coth (

𝜇|𝐇|

𝑘𝐵𝑇
) − (

𝑘𝐵𝑇

𝜇|𝐇|
)]

𝑀𝑆 = 8.1661 e
3𝑇

1000
                                                

 

(19) 

where 𝑀𝑠 is the saturation magnetization and 𝑘𝐵 is 

Boltzmann’s constant. Then, when |𝐁max| = 1.4 T, 

through (18), |𝐇max| is obtained, and by increasing 𝑇𝑞 

from 243 K to 413 K, it is evident that 𝑀(|𝐇|) decreases 

almost linearly when the temperature is low, while the 

decrease in temperature causes a greater variation of 

𝑀(|𝐇|). However, at low temperatures, 𝑀(|𝐇|) shows a 

trend parallel to the increase of |H| which also occurs at 

high temperatures but with significant values of |H| (see 

Fig. 4). We point out that the temperature also influences 

the first magnetization curve, which flattens 

considerably, highlighting extremely low saturation 

values. 

 

7 Conclusions and perspectives 

In this paper, we have presented a FEM magneto-

thermo-static analysis of an automotive industry damper 

wherein the damping mechanism relies on a strip of 

commercially available MR fluid characterized by 

specific rheological properties. Beginning with  

a physical-mathematical point of view using a magneto-

static approach with Dirichlet boundary conditions, 

important aspects of heat conduction within the device 

have been formalized using Fourier’s parabolic 

formulation. The geometry of the MR damper was 

defined and implemented into the ANSYS Toolbox 

(which allows formulations of multi-physics problems). 

By configuring the rheological parameters of the MR 

fluid, a FEM magnetostatic analysis of the device was 

conducted, revealing the correlation between increased 

electric current within the coil and elevated values of 

magnetic induction. These values, though distant from 

saturation, establish a link with yield strength through 

polynomial formulations widely used in experimental 

and industrial practice. The analysis shows that the strip 

of MR fluid is the most magnetically stressed, also 

highlighting that the maximum induction causes an 

increase in the yield strength of the MR fluid, showing a 

considerable mechanical strength. Furthermore, given 

that past experience has highlighted changes in 

rheological behavior as the external temperature of the 

device varies, thermal maps have been made for certain 

values of external temperature simulating even extreme 

environmental conditions to highlight the temperature 

boundary layers. Furthermore, a study of the influence 

of temperature both on the fluid as a whole (the influence 

of temperature on the viscosity of the MR fluid, which 

increases with decreasing temperature) and on the 

magnetization of the particles was conducted. This has 

made it possible to highlight strong reductions in 

residual magnetization with consequent extremely 

compressed hysteresis cycles with evident reductions in 

any losses (See Figure 4). Finally, it is worth noting how 

the decrease in coercivity (due to the flattening of the 

hysteresis loop) is caused by the increase in temperature. 

This temperature-induced increase accelerates atomic 

activity, consequently perturbing the magnetic moments 

of the particles of the MR fluid. 

While the obtained results exhibit promising 

rheological characteristics, they should be regarded as an 

initial step. Despite the encouraging outcomes achieved, 

there exists an opportunity to make additional efforts to 

take into account non-linearities in the thermal 

conductivity – a factor inherently dependent on 

temperature. Moreover, the advocated approach should 
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incorporate considerations for the non-instantaneous 

distribution of temperature and acknowledge that the 

laser beam, interacting with localized material areas, 

may introduce microstructural disturbances. Then, in the 

future, there is a call for investigations employing more 

realistic 3D geometries and encompassing a broader 

array of commercial MR fluids exploiting the results 

achieved here in order to highlight any progress of 

critical issues. Furthermore, embarking on a more 

comprehensive magneto-thermostatic study is advisable. 

Such a study could address delayed heat flow and 

temperature distribution while placing heightened 

emphasis on the interrelationship between the yield 

stress and the induction field. This interplay, as 

delineated earlier through the Biot-Savart type 

formulations, establishes a connection between the 

electric current circulating in the coil and the yield stress. 
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