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Abstract—Robots are entering the technological age giving 

way to endless applications in the automation industry. 

Robots of different applications need suspensions systems to 

perform their logistic or agro-industrial activities. The aim is 

to design a mechanical vibration damping device that uses 

the principles of electromagnetism in order to control the 

magnetic viscosity, and thus the way it can absorb vibrations 

that are undesirable in robotic systems. This research project 

has a complete theoretical framework and quantitative 

approach to determining variables and measuring the 

response at the experimental and mathematical level. The 

theoretical framework explains the bases for the 

mathematical model. The method was based on five stages 

which are design specifications, preparation of schematics, 

electrical and mechanical tests, mechanical and electrical 

part coupling and prototype test. As key facts, a physical and 

mathematical model were designed for a shock absorber 

device with magnetic principles for robotic systems. The 

electric current of 1.6 A and a permeability of material 5001 

are key variables that result in a damper magnetic viscosity 

γ = 7.32 T.m. Finally, authors conclude magnetic dampers 

can be used in unmanned robots allowing them to save energy 

on flat surfaces.  

 

Index Terms—automation industry, irregular terrain, 

principles of electromagnetism & damping 

 

I. INTRODUCTION  

Robotics is a multidisciplinary science involving 

electronics, artificial intelligence systems, mechanics, and 

control systems. Today it has had a high impact on the 

automation industry, solving problems in production lines, 

agribusiness, space sciences, among others. It plays a 

crucial role in performing complex or repetitive tasks, 

making it feasible for almost any application that requires 

it. Suspension systems are critical because they absorb 

some of the energy during impacts or when entering uneven 

terrain, that energy converts it into heat energy. This 

prevents movements in the system from being abrupt, 

compromising the electronic equipment to such shocks, 

and maintaining linearity while moving [1]. 

By applying the theories of electrical and magnetic 

principles, it is possible to design a damping system based 

on these phenomena. They are allowing it to be hybrid and 

maintaining control of the dampers using the robot's 

instructional commands. This reduces current consumption 

and always keeps the coil spring system activated [2]. The 

                                                           
Manuscript received July 5, 2021; revised November 1, 2021. 

purpose of these systems is to significantly reduce the 

amplitude of mechanical vibration on the rebounds of the 

mass of the vehicle, allowing to balance it with a noble and 

smooth movement. The operation is governed by some 

fundamental theorems of electromagnetic physics [3]. The 

model of this study consists of an inductor that has a steel 

core and a coil spring.  

II. THEORETICAL FRAMEWORK 

A. Electromechanical Suspension System 

The mechanical suspension consists of a spring, which 

is responsible for storing potential energy during any 

impact or irregularity, the damper dissipates mechanical 

energy in heat employing a viscous fluid. The mass 

preserves the kinetic energy of the system. Currently, in 

robots, these mechanisms are used to reduce vibrations. 

The electromagnetic actuator systems with inductors and 

springs are also used in order to eliminate disturbances. 

This allows to control the precise moments when 

mechanical damping requires giving it freedom during the 

immobility of the robot or in places where it does not 

require it [4].  

In the system, a fluid damper is changed to a magnetic 

one, which is connected to the robot controller and can be 

activated or disabled. Equation 1 describes the movement. 

𝑚�̈� +  ϒ�̇� + 𝑘𝑥 = 0                         (1) 

This is the mathematical representation in differential 

equations of a conventional mechanical suspension system, 

where m is the total mass, ϒ is the coefficient of magnetic 

viscosity, and k is the Constant of Hook in the spring. This 

mathematical representation was adapted to replace an 

electromagnetic damper. For this, it is required to define a 

value for the constate of magnetic viscosity. This magnetic 

viscosity appears in the core as a result of opposition to the 

movement. 

B. Electrical and Magnetic Principles 

The physical foundations governing magnetic behavior 

can be used to take control of components electrically, 

taking advantage of such phenomena. 

This design is based on Ampere's law, which establishes 

the postulate of magnetostatics. This magnetostatics 

involves magnetic flux density B and electric current I that 
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passes through a given conductive medium as in equation 

2. 

∮  �⃑� ∙  𝑑𝑙 = 𝜇𝐼                              (2)  

For design, B is defined as the magnetic flux density 

through a dl boundary. 

�⃑� =  �⃑� 𝑧 ∙  �̂�                                  (3)   

𝑑𝑙 = 𝑑𝑧 ∙  �̂�                                (4)  

By solving the integral that passes through the contour. 

The magnetic flux density is obtained through the nucleus 

with both air and ferromagnetic material permeabilities, 

resulting in simplified in equation 4. 

�⃑� 𝑧 =
𝜇𝑁𝑖

𝑧
 �̂�                                (5) 

Viscosity is related to some opposition to the movement 

when a core of ferromagnetic material moves within an 

electromagnetic field experiencing a force that depends 

directly on the magnetic permeability and intensity of this 

field. An equation is established for magnetic viscosity 

respecting the principles of Ampere's law and the 

Newtonian equation, which relates speed to the force he 

exerts [5]. 

C. Inductance 

Just as a capacitor stores energy in the form of electric 

fields, the inductor does so through a magnetic field that 

can vary depending on the geometry of the magnetic field.  

In the study of magnetic damping based on the solenoidal 

model. The inductance is the way to calculate the force 

exerted by the damper; this depends on the intensity of the 

magnetic field produced [6]. Circulating an electrical 

current in an inductor generates an H-intensity magnetic 

field that has two poles and tends to align the magnetic 

domains of the materials [7]. To obtain the inductance, the 

flow must be obtained through the core surface defined in 

equation 6. 

𝜙𝑧 = ∫ �⃑� ∙ 𝑑𝑠                                 (6)  

The core has a cylindrical geometry, and the flow that 

crosses that cross-section is expressed the integral of this. 

Equation 5 is replaced for the final expression. 

𝑑𝑠 = 𝑟𝑑𝑟𝑑𝜃                                 (7)  

𝜙𝑧 = ∬
𝜇𝑁𝑖

𝑧
∙ 𝑟𝑑𝑟𝑑𝜃  

𝑅

0
                         (8)  

𝜙𝑧 = 
𝜇𝜋𝑁𝐼𝑅2

𝑧
                                (9)  

Inductance is defined in equation 10. 

𝐿 =
𝜆11𝜙𝑧

𝐼
=

𝜇𝜋𝑁2𝑅2

𝑧
                           (10)  

Inductance is the ability of an inductor to store that 

magnetic energy with the unit in Henry. This unit, as 

inductance, is observed, it has the independence to the 

current, so this value is a constant in most applications. 

D. Work and Magnetic Force 

Magnetic work follows the concept of the amount of 

energy a body needs to move a particle from point A to 

point B, it is implicitly involved with inductance, since it 

was mentioned that it is a way of storing energy and in this 

study, it is of importance to determine the forces that the 

nucleus has to move in a mechanical oscillation. The work 

is expressed in equation 11. 

𝑊𝑚 =
1

2
𝐿𝐼2                                  (11) 

In this way, it is possible to calculate the partial 

derivative on the z-axis of the stored magnetic energy and 

obtain in our model a force adjusted to the design 

parameters. 

𝐹 𝑧 = −
𝜕𝑊𝑚

𝜕𝑧
= −

𝜕

𝜕𝑧
(
𝜇𝜋𝑁2𝐼2𝑅2

2𝑧
)                  (12)  

𝐹 𝑧 =
𝜇𝑜𝜋𝑁2𝐼2𝑅2

2𝑧2  �̂�                             (13)  

In the designed model, a very intense magnetic field is 

generated in the center of the core. This magnetic field 

makes the material manufacturing with high permeability 

is attracted and always towards the center [8]. In this case, 

the force experienced by the nucleus is with respect to the 

vacuum surrounding it, and it is the reason why in equation 

13, only air permeability is considered. 

E. Magnetic Permeability 

All materials have magnetic properties, some weaker 

than others when magnetic fields are applied. The materials 

align their molecules to that field, and this causes a 

magnetic dipolar moment, and this determines the 

permeable capacity it possesses. Some materials are almost 

unchanged or imperceptible, classifying them as 

diamagnetic and ferromagnetic. In most engineering 

applications, ferromagnetic materials are used, which form 

a nucleus that is excited by an inductor [9]. For 

permeabilities, it is established that the reference is that of 

the vacuum denoted as μo. The absolute permeability is 

described as the product of the relative, in equation 12. 

𝜇 =  𝜇𝑜𝜇𝑟
                                 (12) 

 

Based on this concept, a cylindrical iron core that has a 

permeability of 5000 was chosen for the damper design.  

Making it possible for magnetic viscosity, which is later 

explained, to increase significantly and generate an 

excellent damping effect. 

F. Electrical Resistance in Inductors 

For the design of a magnetic damper based on the 

solenoidal principle, the conductors and their environment 

must be considered. The physical principles of 

conductance are related to the ability to conduct electrical 

currents through a cross-section of a conductor. This ratio 

means that as the cable length increases, the resistance also 

increases and is expressed in equation 13. 

𝑅 =  𝜌
𝑙

𝐴
                                  (13) 
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A hollow cylindrical geometry was chosen, so to 

calculate the number of turns of enameled copper and the 

expected resistance should be considered the diameter and 

length of the cable, that is why for the model of this damper 

an equation is developed to determine the length of the 

copper as the perimeter of the cable increases in the 

winding. 

𝑑𝑙 = 2𝑁𝜋 ∫ 𝑑𝑟
𝑟𝑓

𝑟𝑜
                        (14) 

𝑙 = 2𝑁𝜋(𝑟𝑓 − 𝑟𝑖)                        (15) 

From this definition equation, 15 is established to 

determine the length of the cable winding and thus 

correspond to a substitution in equation 13, which has a 

dependency on the area of the cross-section of the copper 

to be used (this according to the current capacity in the 

design) and 𝜌representing resistivity, which is the inverse 

of conductivity. 
For the construction of the physical inductor, the variables 
to be considered in the previous model are denoted. The 
reason why the inductor resistance should be included is to 
achieve intensifying the current and with this the magnetic 
field, using the ohm law to calculate the current that is 
desired to circulate through it. Having replaced equation 15 
in 13, the model is expressed in equation 16. 

𝑅 = 
2𝜌𝑁(𝑟𝑓−𝑟𝑖)

𝑟2      [Ω]                    (16)  

Performing a clearing for N representing the 

number of copper cable turns; this variable is 

necessary for the manufacture of the damper. In the 

design, R is replaced by the resistance that is desired, 

causing it to circulate through the inductor a current, 

being expressed in equation 17. 

𝑁 =
𝑅𝑟2

2𝜌(𝑟𝑓−𝑟𝑖)
                              (17)  

G. Magnetic Viscocity 

The concept of viscosity relates opposition to the 

movement of a body. This is indicated in equation 18. In a 

solenoid the magnetic flux increases in the core of the 

winding and therefore there is the higher magnetic field 

intensity of the system, when a nucleus of ferromagnetic 

material of high permeability of about, it increases the force 

of attraction towards the center, always trying to align itself, 

therefore, the nucleus when leaving its center of attraction 

experiences a force of opposition, behaving like an 

incompressible fluid [10]. 

 

𝐹 =  −ϒ
𝑑𝑧

𝑑𝑡
                                   (18) 

ϒ is the magnetic viscous damping coefficient for our 

model, using this physical concept we develop a 

mathematical equation that explains the operation of 

opposition to the movement, based on the damping model 

of two plates pay them with a fluid, adapts to the design of 

the magnetic damper expressed in equation 19. 

𝛾 =  
𝐴 

ℎ
�⃑�                             (19)  

𝛾 =  
𝜇𝐴 

ℎ
�⃑⃑�                            (20)  

For the magnetic viscous damping coefficient, a 

dependence on magnetic flux density through the medium 

or media that have absolute permeability in its environment 

is seen. Where the magnetic permeability to be considered 

will be that of the air and ferromagnetic material to be used 

to be constructed, expressed in equation 21. 

𝜇 =  𝜇𝑜(1 + 𝜇𝑟)                        (21) 

Leaving as a result of a more robust expression 

dependent on materials and air, in equation 22. 

𝛾 =  
𝜇𝑜(1+ 𝜇𝑟) 𝐴 

ℎ
�⃑⃑�                    (22) 

Fig. 1 shows the variables considered as the shock model. 

By substituting the magnetic field intensity in equation 22 

and adapting it to the model in Fig. 1, a unified equation of 

the magnetic damping coefficient, set out in equation 23, is 

obtained. 

𝛾 =  
𝜇𝑜(1+ 𝜇𝑟)(2𝜋𝑟𝑙)

2ℎ
(
𝑁𝑖

𝑙
)                       (23)  

𝛾 =  
𝜇𝑜(1+ 𝜇𝑟)𝜋𝑟𝑁𝑖

ℎ
                         (24)  

 

Figure 1. Physical model of magnetic shock absorber 

The magnetic damping coefficient is expressed in 

equation 24 as a design model to make its operation more 

generic, explaining the phenomenon of opposition to 

movement dependent on two key variables, the electric 

current and the permeability of the materials. 

H. The Helical Spring 

All mechanical systems that aim to absorb the energy of 

vibrations are accompanied by elements that fulfill specific 

tasks in the dissipation of these energies. The coil spring or 

spring has the function of storing the potential energy of an 

oscillating vibrating system. Such energy is delivered to the 

shock that meets the dissipation of this energy in the form 

of heat or other forms of energy. In the magnetic damping 

model, this mechanical element is elemental, as its rigidity 

helps to significantly reduce the oscillating movements so 

undesirable in any robotic system. To perform the system, 

its design is considered to attach it to it, by means of 

equation 25. 

𝐾 =
𝐺𝑑4

8𝑛𝐷3                                  (25 ) 

μo 

h h 

ϕ 

ASurface 
l 

μr 
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The stiffness constant of a spring determines the force 

needed to deform it, thus influencing the oscillating 

kinematic analysis, preventing all force from resting on the 

damper. This equation involves variables of utmost 

importance for the design, considering the rigidity module 

of the G-spring material, the diameter of the d wire, the 

mean diameter D, and the number of active turns of the n 

wire. 

I. Mechanical Vibration Control Systems 

Engineering control systems allow us to visualize how 

mechanical systems behave and, based on it, making 

decisions to make results more efficient. 

Magnetic damping behaves like viscous damping 

through the magnetic flux density and the surrounding 

medium. In this model, it is a focus of study in mechanical 

vibrations, where the relationships between mass, spring, 

and shock must be considered. This is calculated the 

damping ratio where the mass and spring are involved with 

the damping by means of equation 26. 

𝛿 =  
𝑐

2√𝑘𝑚
                             (26) 

This relationship allows us to determine whether the 

responses to the system are complex or real, indicating 

whether the system is under-damped, critically damped, 

over-damped, or undamped. This can be expressed as the 

exponential decay of the sine oscillation, see equation 27. 

𝑧(𝑡) = 𝑒−𝑠𝜔𝑡(𝑐1̀ cos(√1 − 𝑠2)𝜔𝑡 + 𝑐2̀ sin(√1 − 𝑠2)𝜔𝑡) (27) 

This relationship expresses the exponential decay of the 

system before a natural damping frequency, which is 

described in equation 28. The product ss s represents the 

actual part of the roots calculated for this sub-damped 

system. 

𝜔 = √
𝑘

𝑚
                                  (28) 

The natural frequency makes a clear dependence on the 

two elements that constitute oscillating nature, mass, and 

spring, the constant of rigidity that obeys Hooke's law. 

The above variables make clear implications in control 

systems. For this reason, it must be seen as a transfer 

function, where the block is a standard model to replicate 

this magnetic damper. The expression that is set for 

frequency mastery and future time analysis in equation 29 

and this is due to Newton's second law. 

𝐹 = 𝑚
𝑑2𝑧

𝑑𝑡2 +  ϒ
𝑑𝑧

𝑑𝑡
+ 𝑘𝑥                     (29) 

This equation is evaluated with the functions of the 

Laplace transform to establish it in the frequency domain 

resulting in equation 30. 

𝐹(𝑢) = 𝑚[𝑠2𝑥(𝑠)] + 𝛾[𝑠 𝑥(𝑠)] + 𝑘 𝑥(𝑠)     (30) 

𝑋(𝑠) =  
𝐹(𝑢)

𝑚𝑆2+𝛾𝑆+𝑘
                     (31) 

III. METHODOLOGY 

The design of a shock absorber with magnetic qualities 

requires an exhaustive physical-mechanical analysis to 

validate its operation. This research project has a 

quantitative approach to determining variables and 

measuring the response at the experimental and 

mathematical level.  

Stage I. Design Specifications:  This section performs a 

specification collection for the mechanical and electrical 

design of the device through sustainment theories. 

Stage II. Preparation of schematics:  Mechanical 

schemes are made, and the electromagnetic variables that 

will govern the operation of the device through 

mathematical explanations are studied. 

Stage III. Electrical and mechanical tests: Small test 

prototypes are created at this stage and are vital in moving 

to the next stage and adjusting the design specifications. 

Stage IV. Mechanical and electrical part coupling:  

After the evaluation of the stages, both parts are integrated 

into a valid and functional model for the magnetic damper. 

Stage V. Prototype: a prototype is made based on the 

specifications of the methodology, as a core of evaluation 

and validation of the operation of the shock after optimal 

results. 

IV. RESULTS AND ANALYSIS 

A. Physical and Mathematical Analysis of the Electrical 

Phenomenon 

Considering the principles of operation in the magnetic 

damper and based on the postulates of the magnetostatics, 

the idea was merged by the specifications set out in the 

methodology, and the equations were developed that 

helped to understand the magnetic behavior in the materials, 

giving gap to improve the model. 

Having described equation 13, the authors  note the 

dependence of the current and the number of turns of 

copper cable, which is why equations 15 and 16 obtain the 

electrical resistance by the number of turns, allowing us to 

manipulate it to increase or decrease the current that will 

pass through the inductor. Figure 2 for winding uses a radio 

tube ri = 0.0065 m and rf = 0.0175 m. 

 
Figure 2. Top of the copper coil turns 

 

𝑁 =
(14 𝛺)(0.2275𝑚𝑚)2

2(0.0175
𝛺.𝑚𝑚2

𝑚
)(0.01744−0.0065)𝑚

           (32) 

     
𝑁 = 1890.67 turns 

It has been considered a copper cable #25 because its 

cross-section supports 1.6 amps by having a resistance of 

14 and a voltage of 22. 𝛺50volts, this current is supported 

by the mentioned caliber. Applying ohm law is obtained. 

𝐼 =  
𝑉

𝑅
= 

22.50𝑣

14 𝛺
=  1.6 𝐴                     (33) 

Subsequently, the density of magnetic flux was 

calculated through certain ferromagnetic materials, these 
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being optimal for the development of the project, due to its 

high magnetic permeability, through the equation the 

vector with unit direction is calculated on the z-axis, set in 

equation 5, equation 32 is obtained. 

�⃑� =
(4𝜋𝑥10−7 

𝑇.𝑚
𝐴 )(5000+1)(1890 𝑡𝑢𝑟𝑛𝑠)(1.6 𝐴)

0.0254 𝑚
 �̂�              (34) 

�⃑� = (752.87 𝑇) 𝐾 

This magnetic flux density indicates that for a current of 

1.6 amps, there is a flow of 752.86 T through the faces of 

the iron core with impurities that has a relative permeability 

of 5000, this is an indicator of increasing magnetic 

viscosity. 

In reference to equation 13, the force experienced by the 

nucleus is obtained with respect to the void around it. 

𝐹 𝑧 =
𝜋(4𝜋𝑥10−7𝑇.𝑚

𝐴
)(1890.67𝑡𝑢𝑟𝑛𝑠)2(1.6𝐴)2(0.00635𝑚)2

2(0.0254𝑚)2
 (35) 

𝐹 𝑧 = (−1.12 𝑁) 𝐾 
 

In the prototype developed under these conditions, the 

negative sign determines that it is opposite to the natural 

harmonic movement of the nucleus, pes this is always 

attracted to the center of the inductor, where the magnetic 

field is intense.  

For the magnetic viscosity coefficient, a mathematical 

model is established that generalizes key variables to 

increase the rigidity in the natural response of an oscillation 

that is generated by mechanical vibration in a robotic 

system. Equation 24 raised a clear dependence on the 

current and the relative permeability of which the core is 

built. 

𝛾 = 
(4𝜋2𝑥10−7𝑇.𝑚

𝐴
)(5001)(0.003175𝑚)(1890.67 𝑣)(1.6𝐴) 

0.0254 𝑚
 (36) 

𝛾 =  7.32 𝑇.𝑚 

 

This model was plotted as validation of the real results, 

which indicates that there is linearity between the magnetic 

viscosity coefficient and the current circulating through the 

inductor, which makes sense because by increasing the 

viscosity, the magnetic field is more intense in the damper.  

B. Mechanical Vibration Analysis 

All dynamic systems suffer deformations that lead to the 

bodies oscillating generating mechanical vibrations, these 

are undesirable in any mechanism, because this energy 

unbalances the bodies causing them to leave their center of 

gravity suffering high impacts. Shock absorbers and 

springs serve the function of dissipating mechanical energy 

in heat. To predict the response of the mechanical system, 

the damping ratio that is defined by equation 26 was 

calculated. For this prototype a mass of 200 grams and a 

spring with stiffness constant of 490 N/m was chosen 

replacing the magnetic viscosity coefficient: 

 

𝛿 =  
7.32

2√(0.2 𝐾𝑔)(489.31 𝑁/𝑚)
                            (37) 

 

𝛿 =  0.352 

 

This value allows us to express an equation with 

exponential decay through the roots, clarifying that being 

less than one the system behaves sub-muffled and has 

complex roots and is defined as: 

𝑠1 = (−𝛿 ∓ √𝛿 − 1)√
𝑘

𝑚
                        (38) 

𝑠1,2 = (−0.352 ∓ √0.352 − 1)√
489.31 𝑁/𝑚

0.2 𝐾𝑔
           (39) 

 

𝑠1,2 = (−16.6 ∓ 𝑗 37.96)                       (40) 

 

The roots have a complex number. Therefore, to 

establish a control model, the original part is taken, and 

values are imposed as indicated in equation 27, leaving a 

mathematical representation of the physical behavior of the 

magnetic damper, see equation 41. 

𝑧(𝑡) = 𝑒−16.6𝑡(𝑐1̀ cos(46.29 𝑡) + 𝑐2̀ sin(46.29𝑡)   (41) 

Constants C1' and C2' are determined under the initial 

system conditions, which are: 

𝐶1
′ = 𝑥𝑜 = −7.46𝑥10−3𝑚                  (42) 

 

𝐶2
′ = 

�̇�1+𝛿𝑤𝑥𝑜

√1−𝛿2𝑤
= 0 𝑚                       (43) 

 

The final expression is an equation of the time-

dependent position, which is a generic model for such 

vibratory systems; it helps us determine what the final 

elongation of exponential decay is. 

𝑧(𝑡) = 𝑒−16.6𝑡(−7.46𝑥10−3 cos(46.29 𝑡))      (44) 

Using Matlab software, it was possible to predict the 

natural response of the system where it is clearly evident 

that the damping ratio by being closer to 1 would dampen 

the test load on the prototype and by disconnecting the 

shock, its response is free and unwanted in uneven terrain. 

It was used for the right graph and δ 7.32 for the left. 

 

For the analysis of the response, the exponential decay 

of the position is displayed by equation 45, where only the 

coefficient of the exponential equation is represented. 

𝑧(𝑡) = 𝑥𝑜𝑒
−𝑠𝜔𝑡                               (45) 

𝑧(𝑡) = (−7.46𝑥10−3)𝑒−16.6𝑡                     (46) 

 

By evaluating different damping ratios in equation 45, 

you get a pattern of graphs, which demonstrate 

comparative deform, that by manipulating key variables 

such as the current, it is possible to reduce the elongation 

of the response. These values change depending on the 

proportionality of the mass and the stiffness constant of the 

spring, for this reason by equation 25, the constant that 

follows Hooke linearity was calculated: 

𝐾 =
(80.8𝑥109 𝑁

𝑚2)(0.00079375𝑚)4

8(4 𝑣𝑢𝑒𝑙𝑡𝑎𝑠)(0.0127𝑚)3
              (47) 

𝐾 = 489.31
𝑁

𝑚
                              (48)  
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Once the prototype specifications have been established, 

equation 46 was inserted into Matlab obtained from the 

graphs in Fig. 3. 

 

Figure 3. Comparison of stability graphs of the mechanical system. 

Such mathematical predictions are attributed to the 

theoretical model and coincide by validating its operation. 

In the prototype model is disconnected the shock, then acts 

as a natural frequency response without viscosity, see Fig. 

4, In the prototype and vibration analysis the Tracker 

software is used, which shows the results concerning the 

position time, speed and acceleration of the test mass. 

Subsequently in the prototype test model is applied to a 

current of 1.6 amps, which according to the theoretical 

models, would show a sub-muffled response in the system, 

stabilizing the mass in 1.5 seconds. 

 

 
 

Figure 4. Mechanical vibration analysis of the damped system 

C. Modeling Mechanical and Electrical Control Systems 

Control models are guidelines that allow you to 

manipulate critical variables in any system and help 

visualize changes and make decisions based on the results 

displayed in a generalized model. The mechanical and 

electrical system designed in this document has three 

important global variables in design, magnetic viscosity 

coefficient, spring stiffness constant and mass, such 

components can be represented by matrices in a state 

equation that shows an improved picture of changes. 

Since any robotic system has different masses and 

operating conditions, it must undergo constant testing until 

the optimal result is obtained for the performance of the 

joint components. Based on equation 31, we adopt the 

values for the test model in equation 49. 

𝑋(𝑠) =  
1

0.2 𝑆2+7.32 𝑆+489.31
                  (49) 

 

The position of the mass is expressed in the frequency 

domain can be represented in a block diagram as the 

transfer function. Taking the coefficients of the Laplace 

transform equation, it is possible to raise state equations. 

The operation of the entire system follows Newton's 

second law, where a differential equation of the second-

order, expressed in equation 1, appears. To set the state 

arrays, you must define state variables and differentiate 

them for the time to clear for high power. In this case, 

acceleration can be understood to create a block diagram. 
𝑥1 = 𝑥   𝑥1̇ = �̇�
𝑥2 = �̇�   𝑥2̇ = �̈�

                              (50) 

It clears from equation 1, for acceleration this term that 

makes expressing the equation more simplicity and being 

able to understand the changes due to the fundamental 

values. 

�̈� =
1

𝑚
(𝐹(𝑢) − ϒ�̇� − 𝑘𝑥)                         (51) 

Using an array of state variables, you can construct a 

block diagram in the pesto time domain that is modeling 

the equation differential terms, which is raised in equation 

52. 

[
�̇�1

�̇�2
] = [

0 1

−
ϒ

𝑚
−

𝑘

𝑚

] [
𝑥1

𝑥2
] + 𝐹(𝑢) [

0
1

𝑚

]               (52) 

 

Having validated the results after experimental and 

theoretical tests. The prototype was designed based on the 

same tests, thus considering the critical variables in the 

inductor and mechanical design, obtaining a result through 

this study. The model was created in the SolidWorks 

software, see Fig. 5.   

 
 

Figure 5. Block diagram based on the array of states 

V.  CONCLUSIONS 

A progressive digital methodology is applied to integrate 

mechanical and electrical components into a functional and 

experimental model. A physical and mathematical model 

is designed for a shock absorber device with magnetic 

principles for robotic systems. They were modeled with 

theoretical and experimental tests results of performing the 

magnetic damper adapting the specifications for modern 

robotic systems. This model can be used in projects such as 

[11-12] to get better performance in logistic and agro-

industrial applications. 
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