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Abstract 
 

High-level competition motorcycles have incorporated "wings," regulated by the rules of the 

championships in which they are used. This article highlights the importance of these 

aerodynamic modifications to improve performance during braking and direction changes, 

crucial aspects in motorcycle competitions. Previous studies have evaluated how the wings in 

MotoGP increase drag and lift force according to the lean angle, fundamental to understanding 

their impact on the aerodynamics of competition motorcycles. Despite existing research, more 

study is needed on static wings, motivating this work to explore the effects of active wings, similar 

to those in high-end cars and F1 single seaters, through 3D modeling and computational fluid 

dynamics (CFD) simulations. The goal is to design wings that generate variable downforce on 

the sides and rear, optimizing aerodynamics and dynamics in extreme corners, improving 

performance and safety. 

 

 
 

winglets, Motorcycle racing, 3D design 

Resumen 
 

Las motocicletas de competición de alto nivel han incorporado "alerones", regulados por las 

normativas de los campeonatos en los que se utilizan. Este artículo destaca la importancia de estas 

modificaciones aerodinámicas para mejorar el rendimiento en el frenado y los cambios de 

dirección, aspectos cruciales en las competiciones de motociclismo. Estudios previos han 

evaluado cómo los alerones en MotoGP aumentan la resistencia y la fuerza de sustentación según 

el ángulo de inclinación, fundamental para comprender su impacto en la aerodinámica de las 

motocicletas. A pesar de las investigaciones existentes, se necesita más estudio sobre alerones 

estáticos, motivando este trabajo a explorar los efectos de alerones activos, similares a los de 

coches de alta gama y monoplazas de F1, mediante modelado 3D y simulaciones de dinámica de 

fluidos computacional (CFD). El objetivo es diseñar alerones que generen una fuerza descendente 

variable en los costados y la parte trasera, optimizando la aerodinámica y dinámica en curvas 

extremas, mejorando el rendimiento y la seguridad. 
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Introduction 

 

Since 2015, high-level racing motorcycles have 

been equipped with "winglets." These winglets 

have shapes regulated by the technical 

regulations of the championships where this type 

of motorcycle is used [1]. Unlike other studies, 

this work highlights the importance of an 

alternative that could take a racing motorcycle's 

braking and direction change to unprecedented 

levels. Previous studies on aerodynamic 

modifications and their impact on drag, ground 

effect, and vertical and lateral forces depending 

on the inclination angle are addressed. Some 

studies, such as those by author Van Dijck [2] or 

Joao Gaspar Cardoso [2], have demonstrated and 

evaluated the aerodynamic forces on a road 

motorcycle modified for high-speed 

competitions, as well as the aerodynamic effects 

of a MotoGP winglet and how these marked an 

increase in resistance and lift force proportional 

to the inclination angle. These guidelines 

support much of what will be discussed in this 

document. Although the aerodynamics of 

motorcycles have been studied from various 

perspectives, there are few specific studies on 

the functionality of static winglets. Therefore, 

this work aims to study, from an aerodynamic 

point of view, the effects of active winglets, as 

seen in high-end cars or F1 single-seaters, on the 

overall aerodynamics of the motorcycle and 

provide an initial estimation of their dynamic 

effects through a 3D model and CFD 

simulation—figure 1. 

 

This research comprehensively analyzes 

the aerodynamic behavior of racing motorcycles, 

especially MotoGP types. We will focus on 

developing an aerodynamic winglet designed to 

generate significant and variable levels of 

downforce on the sides and rear end of the 

motorcycle, exploring its consequences for 

aerodynamics and dynamics. Although several 

recent studies on this topic [3] have been 

conducted, only a limited fraction of the results 

have been shared with the public due to 

competition and the confidentiality of racing 

teams. 

 

This research begins with the basics of 

winglet design and advances to evaluate its 

effects on the vehicle under the physical 

conditions in which it will operate. We rely on 

existing work on aerodynamics and 

aerodynamic winglets for general automotive 

applications [4].  

The selection of the wing profile section 

will be based on computational fluid dynamics 

(CFD) analysis and studies that have been 

previously conducted. After choosing the most 

suitable wing profile for the specific conditions, 

we proceed with the final design of the winglets. 

 

Once we analyze the typical behavior of 

the designed winglets (static) and compare their 

effects with others in the field, we will proceed 

to design and control an electronic system that 

will allow the winglet to switch from being static 

to active, thus maintaining the desired effects 

even during extreme angle turns. In the final 

phase, we will evaluate the overall aerodynamics 

of the motorcycle, contrasting the results 

obtained with static and active winglets. We will 

use the force coefficients from the CFD 

simulations to estimate each option's desired and 

undesired effects. 

 

To optimize the overall performance of 

the motorcycle and the rider, we seek to address 

the problem of excessive suction during braking 

after benefiting from the slipstream of the 

preceding motorcycle. This issue has resulted in 

multiple contacts between riders, hindering them 

from stopping the motorcycle and freeing 

themselves from the generated suction. 

Although it does not refer to a particular 

motorcycle, a maximum wingspan restriction is 

established to ensure the safe installation of the 

winglets without obstructing the rider's 

movement or posing a risk to other competitors. 

 

Box 1 
 

 
Figure 1 

CFD Study of a Ducati V4 3D model 

Source: (Ricardo Ferreira, 2022) 
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Methodology 

 

The history and early aerodynamic 

advancements in motorcycling 

 

Significant advances in researching how to 

enhance performance and reduce air resistance, 

achieving more incredible maximum speeds, 

have drawn heavily on previous studies of bird 

and fish efficiency in fluid dynamics. 

Implementing aerodynamic systems in 

automobiles took several years to ensure safety 

in aerodynamic requirements for motorcycle 

bodies. 

 

Throughout different historical stages 

experienced by motorcycle brands, teams, and 

structures in world championships, continuous 

improvements have been aimed at achieving 

optimal motorcycle performance. The 

conclusion emphasizes that aerodynamic 

efficiency is crucial for achieving outstanding 

lap times, not solely reliant on engine power or 

displacement but also on optimal aerodynamics. 

Following the onset of World War II and 

Europe's slow recovery, aerodynamic 

advancements in mobile vehicles like cars and 

motorcycles had to wait two decades for 

economic recovery, allowing for their 

production and purchase. This delay led to 

subsequent regulations on production methods, 

making vehicles cheaper and limiting 

experimental design variations on a large scale.  

The end of World War II in 1945 saw the 

beginning of the space race between the United 

States and the Soviet Union from 1957 to 1975, 

influencing aerospace design elements in 

automobiles and motorcycles. [5] 

 

The 1973 oil crisis played a pivotal role 

in revolutionizing aerodynamics in the industry. 

Manufacturers producing sports vehicles were 

compelled to develop more fuel-efficient 

products. Designers and engineers responded by 

experimenting with new designs using wind 

tunnels, initially used in aeronautics, leading to 

significant advancements in automotive 

aerodynamics. 

 

While wind tunnels were not new per se, 

their extensive use in the automotive industry 

grew after World War II and the oil crisis. Over 

time, maintaining wind tunnels became costly, 

prompting a shift to computer simulations. 

However, wind tunnels are still used to validate 

results from computer simulations. 

The most advanced aerodynamic 

technology is active aerodynamics, where 

components like spoilers can adjust their 

positions electronically based on sensor inputs to 

optimize vehicle performance under specific 

driving conditions. 

 

Aerodynamics plays a pivotal role in 

enhancing performance and efficiency in the 

evolution of automotive and motorcycle design. 

Building upon historical advancements inspired 

by natural fluid dynamics observed in birds and 

fish, engineers have progressively integrated 

aerodynamic principles into vehicle design. This 

knowledge facilitated the development of 

vehicles with improved speed and reduced air 

resistance, which became crucial for achieving 

higher performance standards. [5] 

 

However, the focus shifts to specific 

aerodynamic components' technical, 

mathematical, and scientific aspects, such as 

spoilers and wings. These components are 

designed not only to enhance the aesthetic 

appeal of vehicles but also to optimize their 

aerodynamic efficiency. Understanding the fluid 

dynamics and mathematical principles behind 

the design and placement of these elements is 

essential for engineers aiming to maximize 

vehicle performance and stability. 

 

In 2016, Ducati's factory team 

introduced winglets similar to those used in 

Formula 1 cars to generate aerodynamic 

downforce on their motorcycles. These 

appendages were placed between the fairing and 

the side panels at the front of the bikes. [6] 

 

This innovation was necessary because 

the power of these bikes often caused a 

phenomenon known as "wheelie" when exiting 

corners, resulting in the front wheel lifting and a 

decrease in traction. Electronics could not, and 

still cannot, effectively regulate the time interval 

from when the engine control unit cuts power 

until it restores it to prevent this phenomenon. 

Therefore, it can be stated that the primary goal 

of these winglets was to counteract electronic 

"anti-wheelie" measures. In 2016, several 

accidents raised concerns about the potential 

hazards of motorcycle winglets. Due to their 

sharp edges at high speeds, these appendages 

could cause injury upon impact. Consequently, 

these appendages were removed for the 

following season to mitigate safety risks. 

https://doi.org/
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In the 2017 preseason, teams sought 

ways to retain aerodynamic advantages while 

adhering to regulations. They explored new 

designs that integrated winglets within the 

fairing itself, eliminating sharp edges and 

ensuring compliance with safety standards. [6] 

 

After determining they posed no 

additional risk to riders on the track, the 

organization approved these new designs as part 

of the fairings rather than winglets—Figure 2. 

 

Box 2 
 

 
Figure 2 

New winglets models 

Source: (Ducati, 2017) 

 

A deeper exploration into the technical 

aspects involves a detailed analysis of airflow 

patterns, pressure differentials, and the effects of 

turbulence on vehicle dynamics. Mathematical 

models and scientific experiments conducted in 

wind tunnels provide crucial data for refining 

aerodynamic designs and ensuring that vehicles 

perform optimally under various driving 

conditions. 

 

Mathematical methods 

 

Some of the most essential mathematical 

principles to understand the design of a spoiler 

are: 

 

- Bernoulli's equation 

 

Bernoulli's equation [7] plays a fundamental role 

in understanding aerodynamic concepts, 

applying not only to liquids but also to gases. 

This equation describes the behavior of fluids by 

considering the work done by the fluid, its 

kinetic energy, and the conservation of energy.  

 

 

 

Bernoulli's equation becomes an 

essential component of the energy conservation 

principle in the context of incompressible fluids 

along a streamline. According to this law, the 

sum of static pressure, dynamic pressure, and 

fluid height at one point equals the sum of 

dynamic pressure and height at another point, 

accounting for slight frictional losses. 

 

𝑃1 +
1

2𝑝𝑣2
+ 𝑝𝑔ℎ =  𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 

 

Equation 1: Bernoulli 

 

P = Static pressure 

 

ρ = Fluid density 

 

v = Velocity 

 

g = Gravity 

 

h = Height 

 

The equation above belongs to 

phenomena caused by variations in height. 

However, when there is no change in pressure 

due to height, that term is removed from the 

formula, resulting in the equation type: 

 

𝑃1 +
1

2𝑝
𝑣12 =  𝑃2 +

1

2𝑝
𝑣22  

 

Equation 2: simplified Bernoulli’s Equation  

 

- Reynolds numbers 

 

The concept of Reynolds numbers [7] originated 

from an experiment conducted by Osborne 

Reynolds. In this experiment, ink was injected 

into a laminar flow, and it was observed that the 

ink maintained its constant movement. 

However, when the flow velocity was increased, 

the ink's movement changed to a turbulent 

pattern. This experiment laid the groundwork for 

determining flow regimes using the Reynolds 

number formula. 

 

The Reynolds number (Re) is a 

dimensionless quantity that describes the type of 

flow of a fluid based on its velocity, density, and 

viscosity. It is calculated as: 

 

𝑁𝑅 =  
𝐷 𝑣 𝑝

𝜇
  

 

Equation 3: Reynold’s Numbers. 
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D = is a characteristic dimension of the flow 

(such as the diameter of a conduit). 

 
𝑣 = is the flow velocity. 

 
𝜌 = is the fluid density, 

 
𝜇 = is the dynamic viscosity of the fluid. 

 

The Reynolds number helps determine 

whether the flow is laminar, transitional, or 

turbulent. When “Re” is low, the flow tends to 

be laminar and orderly, while at high “Re” 

values, the flow tends to be turbulent and 

chaotic. 

 

- Aerodynamic load/ Downforce 

 

Downforce enhances vertical force on 

motorcycles through airflow to improve tire 

traction and stability [7]. This approach keeps 

motorcycles light, allowing additional weight for 

better grip, avoiding the need for heavier bikes 

that would reduce speed and performance. The 

aerodynamic load formula correlates directly 

with speed squared, increasing with higher 

velocities. 

 

𝐹 =  0.5 ∗ 𝐷 ∗ 𝐶𝑙 ∗ 𝐴 ∗ 𝑉2  

 

Equation 4: Aerodynamic load. 

 

Where: 

 

F: Downforce. 

Cl: Lift coefficient determined by the shape of 

the vehicle and its angle of attack. 

D: Air density. 

A: Frontal area of the vehicle. 

V: Velocity. 

 

In symmetrical appendices, more 

straightforward formulas are used to calculate 

downforce, where the lift coefficient and shape 

of the object are not considered. The variation is 

determined by the angle of position rather than 

the shape of the object. 

 

𝐹 = 𝛥𝑃 × 𝐴 

 

Equation 5: Symmetrical appendices equation 

 

Where: 

 

F: Downforce. 

ΔP: Pressure difference. 

A: Area. 

 

- Drag 

 

The drag [8] is due to the viscosity of the air in 

contact with the wing. This resistance increases 

proportionally with the vehicle's speed and 

generates a force that acts in the opposite 

direction to the motorcycle's forward motion. 

 

𝐹𝑑 =  −
1

2
∗ 𝜌 ∗ 𝑣2  ∗ 𝐴𝐶 ∗  𝑑 

 

Fd =drag force. 

 

-1/2 = It's a constant: -0.5, which is negative, 

indicating that the force acts in the opposite 

direction of the velocity (similar to friction). 

 

ρ = This is the density of the fluid. 

 

A = Refers to the frontal area of the object 

pushing through the fluid. 

 

CD = This is the drag coefficient, analogous to 

the coefficient of friction. 

 

V2 = Refers to the velocity vector, meaning like 

with friction, drag is a force that acts in the 

opposite direction to the velocity. 

 

The drag force shares similarities with 

aerodynamic lift, as both forces oppose the 

motorcycle's motion. However, a fundamental 

difference lies in their direction: aerodynamic 

lift is oriented upwards, creating vertical lift, 

whereas drag acts horizontally and opposes the 

motorcycle's forward motion. 

 

Physical Effects 

 

- Fluid mechanics 

 

Fluid mechanics studies the laws governing fluid 

motion and their interactions with solid bodies. 

Fluids (liquids and gases) deform easily due to 

their lack of specific rigidity, allowing them to 

adapt to the shape of their container or the 

surfaces they flow over. 

 

Motorcycle winglets are aerodynamic 

fins added to fairings to enhance performance. 

To understand their function from a fluid 

mechanics perspective, several aspects must be 

considered: 
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Airflow [8]: Fluid mechanics analyzes 

how air flows around and through winglets as the 

motorcycle moves at high speeds, examining air 

velocity, direction, and pressure at different 

points around the winglets. 

 

Lift generation [8]: Winglets are 

designed to generate aerodynamic lift, which is 

crucial for improving motorcycle stability and 

keeping it grounded at high speeds. Fluid 

mechanics explains how this lift is created and 

its impact on motorcycle dynamics. 

 

Drag reduction [8]: In addition to lift 

generation, winglets can reduce aerodynamic 

drag by improving airflow around the 

motorcycle. Fluid mechanics helps analyze how 

these fins contribute to overall aerodynamic 

efficiency. 

 

Design optimization [8]: Fluid mechanics 

plays a crucial role in optimizing winglet design. 

Engineers use wind tunnel simulations and tests 

to evaluate different shapes, sizes, and positions 

of winglets to maximize their effectiveness in 

terms of performance and safety. 

 

- Types of flow 

 

Laminar flow [9]: smooth and orderly fluid 

motion in which particles move in parallel paths 

within well-defined sections. It is characterized 

by uniform and predictable particle movement 

without turbulence or abrupt changes in velocity. 

Laminar flow occurs at constant velocity with 

high fluid viscosity, commonly seen in slow-

moving fluids like steady pipe flow or 

applications where viscosity predominates. 

Turbulent flow [9]: Turbulent flow occurs when 

increasing velocity increases the friction 

between fluid particles, causing them to rotate. 

Viscosity loses its effect, and particles change 

direction due to this rotation—figure 3. 

  

Box 3 

 

 
Figure 3 

Linear and turbulent flow 

Source: (2016) 

Understanding and controlling airflow is 

essential in competitive contexts for achieving 

maximum aerodynamic efficiency. One key 

objective is maximizing aerodynamic load, 

which must be done within specific limits. [10] 

 

The angle of attack, typically ranging 

from 0° to 26°, plays a crucial role in competitive 

aerodynamics. This range is critical as it 

indicates where airflow transitions from laminar 

to turbulent as it passes over the wing. 

Approaching these critical angles generates 

increased aerodynamic force because the airflow 

behaves optimally. 

 

However, it is essential to stay within these 

critical angles. Going beyond them would lead 

to excessive turbulence in the airflow, resulting 

in a loss of aerodynamic efficiency. 

 

- Lift 

 

Lift [11] refers to an object's ability to rise or stay 

airborne through interaction with fluid flow, as 

observed in aircraft wings. This phenomenon 

occurs due to differences in pressure and air 

speed variations above and below the wing. 

Precisely, air flowing beneath the wing moves 

faster than air above it, resulting in an upward 

force. Conversely, when a downward force is 

generated on the wing, it is known as negative 

lift or downforce—Figure 4. 

 

Box 4 
 

 
 

Figure 4 

Lift and downforce 

Source: (2014) 

 

 

 

 

 

Lift 

Downforce 
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- Ground effect 

 

Initially explored in car racing, the ground effect 

phenomenon has intriguing applications in 

motorcycles, especially in high-performance 

racing. It aims to enhance stability and handling 

in curves by manipulating airflow to generate 

suction, improving wheel grip on the pavement. 

This involves applying Bernoulli's principle and 

the Coanda effect in aerodynamic design to 

achieve better traction while maintaining 

maneuverability despite the challenges posed by 

motorcycles' two-wheel structure and limited 

ground contact. [12] 

 

- Aerodynamic components 

 

Aerodynamic forces play a crucial role in 

competition for motorcycles in achieving 

optimal performance. Minimizing drags in 

straight-line acceleration while managing 

aerodynamic load and airflow redirection is 

essential [13]. During turns, the goal is to 

increase aerodynamic load to maintain the 

motorcycle's grip on the asphalt, thereby 

improving traction. 

 

MotoGP motorcycles incorporate 

various aerodynamic elements, each with 

specific characteristics and functions. These 

components are designed to optimize 

aerodynamic behavior and enhance the vehicle's 

overall performance across various track 

conditions. [14] 

 

Some of them are: 

 

Deflectors [15]: In motorcycles, 

deflectors play a crucial role by efficiently 

directing airflow towards strategic areas such as 

cooling pontoons and the diffuser, unlike in cars, 

where their focus is on generating aerodynamic 

load. Additionally, deflectors accelerate airflow 

over the motorcycle's fairings, creating low-

pressure zones to enhance overall performance. 

 

Diffusers:[15] Are essential elements for 

motorcycles. Their main function is to extract 

the airflow circulating underneath the vehicle 

and adapt it to the external environment. 

Accelerating the airflow under the motorcycle 

creates a low-pressure area, resulting in 

beneficial aerodynamic downforce. 

 

 

Spoiler [16]: Spoilers represent the most 

crucial aerodynamic component with their 

distinctive wing-like shape. Their principle of 

operation lies in creating airflow with higher 

speed underneath than above the fin, thus 

generating a low-pressure area that gradually 

increases aerodynamic downforce. These are 

divided into two fundamental parts: 

 

Front spoiler [16]: Front spoilers are vital 

in motorcycle competitions as they are the first 

to encounter airflow. Their primary function is 

to obtain additional aerodynamic load and 

crucially redirect airflow towards various areas 

of the motorcycle. For example, they prevent air 

from interfering with tire rotation, ensuring 

uninterrupted operation. 

 

Rear spoiler [16]: The rear spoiler stands 

out as the component that provides the highest 

aerodynamic load while also generating the most 

resistance to forward motion. The aerodynamic 

load generated by the rear fins significantly 

enhances tire grip, increasing traction and 

braking capacity on the rear wheels and 

preventing them from lifting. 

 

Aerodynamic profile/ Airfoil 

 

It is an object explicitly designed to maximize 

the forces generated by airflow velocity and 

pressure variations. [17].  

 

It consists of the following parts—Figure 

5: 

 

Airfoil Shape: This is the cross-sectional 

shape of the wing as seen transversely. 

 

Leading Edge: The front part of the wing 

first encounters the airflow, typically having a 

rounded shape. 

 

Trailing Edge: Located at the rear of the 

wing, where the upper and lower surfaces of the 

airfoil meet. 

 

Upper Surface: The top part of the wing 

between the leading and trailing edges. 

 

Lower Surface: The bottom part of the 

wing between the leading and trailing edges. 

 

Maximum Thickness: The most 

significant distance between the upper and lower 

surfaces of the wing. 
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Chord line: An imaginary straight line 

between the leading and trailing edges of the 

airfoil section. 

 

Curvature: The curve of the wing from 

the leading edge to the trailing edge. Maximum 

curvature refers to the upper surface camber, 

while average curvature refers to the lower 

surface camber. 

 

Box 5 
 

 
Figure 5 

Airfoil (2023) 

 

- Angle of Attack 

 

The angle of attack emerges as a highly 

influential factor in aerodynamic lift. It is 

defined as the angle formed between the chord 

line of the wing and the horizontal airflow, —

Figure 1.6. It is clear that as the angle of attack 

increases, so does the lift or aerodynamic load. 

 

When the angle of attack reaches a critical 

point, a phenomenon known as stall occurs. This 

involves a sudden loss of lift because the airflow 

over the airfoil cannot follow the entire wing 

contour. In our context, this refers to the inability 

of the airflow passing over the upper surface to 

adhere to the airfoil shape, leading to a stall 

entirely. [17]. 

 

The geometry of the airfoil profile plays a 

crucial role in our wing's performance. Its design 

aims to accelerate airflow on the lower surface 

and decelerate it on the upper surface, thereby 

generating higher pressure on the upper region. 

This increase in pressure increases the 

aerodynamic load, enhancing the front wheel's 

grip on the ground and enabling quicker corner 

exits. 

 

- Aerodynamics 

 

Aerodynamics, a discipline derived from physics 

within fluid mechanics, specializes in studying 

the principles and laws governing interactions 

between air and objects [18].  

 

This field examines how the object's 

physical characteristics and the surrounding 

medium give rise to specific motion dynamics, 

determining acceleration, direction, and speed. 

 

Air flows around an object, whether a 

motorcycle or any other vehicle, directly 

impacting its behavior and performance. 

Understanding and optimizing aerodynamics is 

crucial for maximizing efficiency and improving 

stability in various driving conditions. 

 

- Active Aerodynamics 

 

Aerodynamics: Refers to the branch of fluid 

mechanics dealing with the movement of air and 

other gaseous fluids, as well as the forces acting 

on bodies immersed in such fluids. [18]. 

 

Active: Implies action that demands 

agility, effectiveness, and continuous 

movement. 

 

Active aerodynamics: in the context of 

vehicles, involves the ability to generate and 

modify aerodynamic forces on a surface in 

response to vehicle movement. Instead of 

relying solely on the static shape of the vehicle 

to interact with the air, active aerodynamics 

entails dynamic and controlled adjustments that 

can vary according to driving conditions. These 

adjustments may include changes in the position 

of wings, deflectors, and other aerodynamic 

features to optimize vehicle efficiency and real-

time performance. [19]. 

 

- Design 2.0 SpoilerDesign. 

 

The design process of the spoiler begins with a 

thorough analysis of fundamental aerodynamic 

principles. The primary goal of the active spoiler 

is to counteract the suction effects generated in 

the slipstream, which hinder trailing riders when 

attempting to overcome inertia and brake into 

corners. This type of wing adjusts automatically 

to increase aerodynamic load on the sides of the 

motorcycle, adapting to the lean angle and 

direction of the curve. For instance, it adjusts its 

angle of attack on the right side of the 

motorcycle when anticipating a right turn. It 

reduces this angle as the bike leans to avoid 

undesired aerodynamic loads at critical lean 

angles. 
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This dynamic adjustment significantly 

enhances stability, agility, and grip on the 

pavement by increasing the motorcycle's lateral 

aerodynamic load. This results in improved 

traction on both wheels, allowing riders to 

navigate curves with greater precision and 

efficiency while reducing the physical effort 

required to handle the motorcycle in high-

competition scenarios. 

 

For the design of this wing prototype, 

SolidWorks software was used to create 3D 

models, and Computational Fluid Dynamics 

(CFD) simulations were conducted to 

thoroughly study aerodynamic effects, including 

pressures, velocities, and wind directions. These 

tools provided crucial insights to optimize the 

design and ensure the wing met specific 

aerodynamic requirements for high-level 

competitions such as MotoGP. 

 

This active wing, designed for MotoGP 

motorcycles, dynamically adjusts the wing's 

angle of attack when cornering, both left and 

right. This adjustment optimizes aerodynamic 

pressure as needed, enhancing stability and 

safety during overtaking by reducing drag when 

closely following another rider and increasing 

downforce while braking. 

 

For its design and manufacturing, 

SolidWorks 2022 software was utilized. The 

"right plane" was chosen as the starting point, 

where the main body of the design, based on the 

current fairing design of the KTM MotoGP 

RC16, was created—figure 6.  
 

Box 6 
 

 
Figure 6 

KTM RC16 fairing 

Source: (2024) 

 

 

 

 

 

The motorcycle fairing was created, and 

3D sketches were employed for their ability to 

handle complex shapes with extreme curves 

viewed from various angles. First, starting with 

the front section to replicate its primary shape, 

additional lines were drawn to depict different 

perspectives, such as the windscreen from the 

right plane. After generating at least four views 

in a closed 3D sketch, the surface function in 

SolidWorks formed a smooth, continuous three-

dimensional surface. This surface entity allows 

intricate and detailed models, which is especially 

beneficial for crafting curved forms that are not 

easily achievable with standard solids. The focus 

was on the motorcycle's front section to facilitate 

fluid simulation analyses. 

 

As mentioned earlier, surfaces in 

SolidWorks are irregular geometries without a 

defined thickness, which is evident in the 

program when zooming in on material edges, 

where no thickness is visible, and they are 

highlighted with a blue outline. Next, the 

SolidWorks 'Knit Surface' tool merges multiple 

surfaces into a single entity, creating blends 

between edges to ensure tangency and avoid 

intersections that could affect the geometry. 

Once merged into a single entity, the surfaces are 

converted into solids by assigning them a 

specific thickness of 5 millimeters using the 

'Thicken' function. Figure 7. 
  

Box 7 
 

 
 

Figure 7 

Thicken command in fairing 

Source: (2024) 

 

The design of the winglets begins with 

creating a sketch on the right plane and defining 

the wing profile geometry. An asymmetric 

profile is chosen for its ability to generate more 

excellent lift at high angles of attack, which is 

crucial for maintaining elevation at low speeds 

or in reduced airflow conditions.  
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After tracing the cut on the fairing using 

the "extrude cut" function, an extrusion of the 

sketch is created with a slight downward 

inclination to maintain the wing angle even 

when tilted, with dimensions of 22 cm in length 

and an initial attack angle of 13°. A T-shaped 

configuration is implemented on the upper part 

of the winglet to close it and allow activation in 

a specific section, with an initial attack angle of 

10°. Its symmetric design optimizes airflow 

direction, generating a Venturi effect that 

increases airspeed and counteracts loss when 

following another rider—figure 8. 

 

Finally, a 1 mm thick cut is made on the 

edges to separate the movable winglet from the 

T-shaped winglet walls. This is followed by 

creating symmetry between the solids towards 

the right plane, thus completing the 

comprehensive design of the motorcycle. 
  

Box 8 
 

 
Figure 8 

T-shape winglet 

Source: (2024) 

 

Electronic control 

 

An Arduino Uno board based on the 

ATmega328 microcontroller, which is crucial in 

the process, was chosen to ensure precise motor 

control and execute exact movements. This 

highly programmable microcontroller efficiently 

performs complex mathematical operations at 

considerable speed. In programming, an 

intermediate-level C-like language was used, 

featuring mathematical functions and tools such 

as and, if, else, and for, facilitating the 

implementation of system logic. 

 

The function was used to execute 

specific instructions outside the normal cycle, 

conditioned by an if statement. Depending on the 

condition set, the if statement triggers winglet 

movements, including lifting, returning to the 

initial position, or maintaining position. All 

these actions occur if the condition in the if 

statement is satisfied. 

The MPU6050 emerges as a critical tool 

in instrumentation. It features a 6-degree-of-

freedom sensor with a 3-axis accelerometer and 

a 3-axis gyroscope. It enables precise motion 

detection in three dimensions and integrates 

easily with Arduino through four primary 

connections. Widely used in motion control 

systems, virtual reality, and object tracking, it 

stands out for its versatility and utility in 

prototypes. 

 

Stepper motors were chosen for their 

efficiency and cost-effectiveness in controlling 

the winglet's angular movement. These motors 

provide precise position and speed adjustments, 

with a movement angle of 0.7 degrees per step. 

This capability ensures optimal adjustment of 

the winglet's angle of attack, which is crucial for 

dynamically adapting to flight aerodynamic 

conditions. 

 

The pins 4 to 11 were used to connect the 

stepper motors. These pins were explicitly 

chosen to connect cables leading to the control 

module or H-bridge. Each stepper motor 

requires four output cables because the chosen 

motors are bipolar, meaning they have two 

internal coils. Therefore, a specific sequence is 

needed to activate each coil and rotate the 

rotor—Figure 9. 
  

Box 9 
 

 
 

Figure 9 

Step motor electronic diagram 

Source: (2024) 
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The connection of the gyroscope is quite 

simple, requiring only four connections: one for 

5V power supply (VCC) and another for ground 

(GND), which can be shared with or grouped 

alongside those of the motor on a protoboard. 

The remaining two cables, SDA (Serial Data 

Line) connected to A4 and SCL (Serial Clock 

Line) to A5, are controlled by the I2C library, 

which is responsible for data transmission 

through these two cables. It is important to note 

that both the master and slave devices send data 

over the same cable, which is controlled by the 

master and generates the clock signal—figure 

10- figure 11. 

 

Box 10 
 

 
Figure 10 

Gyroscope electronic diagram 

Source: (2024) 

 

- Control diagram 

 

Box 11 
 

 
Figure 11 

Control diagram 

Source: (2024) 

 

 

Results 

 

The prototype successfully achieves the overall 

objective of designing an electronic control 

system using an Arduino board for an active 

winglet on a MotoGP motorcycle. Its primary 

functions include generating increased 

aerodynamic load where needed, improving 

performance and stability during high-speed 

cornering, and integrating advanced 

aerodynamic technologies for competitive 

MotoGP racing. 

 

The winglet design is based on 

fundamental physical theories to ensure proper 

functionality, with specific dimensions tailored 

for 1000cc MotoGP motorcycles under current 

regulations until 2027 by the FIM. The upper 

appendix maintains a fixed 13° angle of attack, 

while the T-shaped winglet allows variations 

from 0° to 26°. 

 

A system was developed to implement 

effective electronic control that responds to 

specific conditions such as vehicle speed 

(exceeding 130 km/h for significant 

aerodynamic effects) and motorcycle lean 

during turns. The angle range for initiating 

winglet movement is set from 0° to 10° for right 

turns and 0° to -10° for left turns, ensuring 

precision in vehicle response. 

 

Key components include an Arduino 

board programmed to coordinate all 

components, a gyroscope to detect motorcycle 

angle, an anemometer to measure airspeed, and 

two stepper motors to adjust winglet angles. 

 

Based on the established design, fluid 

dynamics simulations (CFD) using SolidWorks 

were conducted to evaluate winglet efficiency. 

These tests illustrated the airflow distribution 

over the winglet at different speeds, 

demonstrating its aerodynamic performance in 

generating the desired downforce. Figure 12. 
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Box 12 
 

 
 

Figure 12 

Neutral winglet position 

Source: (2024) 

 

The winglet has demonstrated optimal 

operation by maintaining vehicle stability 

without significant crosswind turbulence or 

vibrations. It provides an adequate aerodynamic 

load to keep the vehicle grounded without 

excessively increasing drag, which could slow 

down the motorcycle. 

 

In the simulation with the winglet set at a 

20° angle of attack, airflow lines show a 

reduction in speed from 220 km/h to 130 km/h, 

indicating efficient downforce generation, 

illustrated by pressure variations depicted in 

Figure 13, where the winglet angle influences 

pressure increase from 14.6 psi to 15 psi, 

highlighting the winglet's capability to provide 

the necessary force for cornering maneuvers and 

mitigate adverse effects of wake turbulence. 

 

Box 13 
 

 
 

Figure 13 

Pressure flow in activate winglet 

Source: (2024) 

 

Simulation results and mathematical 

calculations were used to determine the 

downforce generated by a wing using the 

aerodynamic load formula F=ΔP×A. Pressures 

were converted from PSI to Pascals, and the 

difference between 15 psi and 14 psi was 

calculated, resulting in approximately 2757.904 

Pa.  

This difference was then multiplied by 

the wing area, which is 94 cm² converted to m². 

The result in Newtons indicates that the wing can 

generate around 2.6 kg of additional load, aiding 

the rider in leaning the motorcycle efficiently 

and overcoming suction trails. 

 

Figure 14 illustrates the flow and 

pressure differences between the right-wing (in 

motion) and the left wing (in neutral position). 

These differences demonstrate the effects of 

aerodynamic principles such as Bernoulli's law. 

The right-wing shows higher pressure and lower 

velocity on the upper surface, while the lower 

surface exhibits lower pressure and higher 

velocity. In contrast, the left wing, with minimal 

angle of attack, shows minimal pressure 

variations and a slight vacuum at the rear due to 

the uniform airflow speed through the upper and 

lower parts. 

 

Box 14 
 

 
 

Figure 14 

Flow differences 

Source: (2024) 

 

Next, here is the result of the motorcycle 

prototype—figure 15. 

 

Box 15 
 

 
 

Figure 15 

Final Prototype 

Source: (2024) 
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Conclusions 

 

The prototype developed in this research 

successfully achieved all its design objectives. 

As observed in the results section, the obtained 

values are beneficial across all aspects, 

generating significant aerodynamic loads that 

assist riders in braking and maneuvering more 

efficiently while in the slipstream of other riders. 

However, some areas could be improved, such 

as the wing lifting system, which could benefit 

from a more efficient mechanism or powerful 

motors. Another area for enhancement is the 

wing's electronic control, where using more 

precise sensors could mitigate data variation, 

allowing for more accurate readings. It is 

recommended that data extracted from ECU or 

real-time telemetry systems be utilized to 

enhance precision. These recommendations are 

proposed because the data extraction 

instruments operate independently in the 

prototype and, when applied to a real 

motorcycle, must synchronize with the bike's 

computer to ensure optimal performance. 

 

Ultimately, it can be affirmed that the 

active wings achieved the project's primary goal 

by not generating counteracting forces during 

turns or turbulence, thereby improving the 

motorcycle's behavior at critical braking points 

and at the initiation of leaning. The wings' 

independence allows for varying the angle of 

attack based on downforce and motorcycle lean, 

which means a higher angle of attack can be 

maintained when the bike is straight. Braking 

begins by reducing this angle during leaning to 

avoid undesirable external forces. 

 

When the motorcycle is leaned, the force 

plane shifts laterally rather than vertically, 

potentially generating undesired lateral forces 

that reduce front-wheel contact with the ground 

and affect cornering trajectory. Reducing the 

angle of attack as lean increases is advantageous 

because it alters airflow dynamics, resulting in 

less efficient airflow over the wing and reduced 

aerodynamic performance, which is 

instrumental during extreme leans when strong 

aerodynamic effects from the wing are 

undesirable. 

 

It is important to note that this prototype 

has certain limitations that should have been 

addressed in this project.  

 

 

One limitation involves factors 

interacting with the motorcycle, such as tire wear 

toward the end of a race, which could 

significantly impact grip and subsequently 

applied force, posing a potential risk. Another 

limitation concerns suspensions. Suspension 

adjustments can significantly influence the 

motorcycle's agility by altering its position. 

Therefore, the wing's response speed should 

depend on the motorcycle's suspension 

components' reaction time, allowing the degree 

of aerodynamic wing effect to be adjusted based 

on suspension response. 
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Abstract 
 

This work presents the conceptual design of a single-seater chassis for a BAJA SAE off-road 

vehicle, using the Pahl and Beitz design methodology, with the objective of developing an 

efficient, safe prototype capable of withstanding the demands of off-road competitions. The 

weighted index method was applied to evaluate and select the components that best meet the 

requirements established in the official BAJA SAE regulations, ensuring an optimal balance 

between weight, strength, and cost. To ensure the structural integrity of the chassis, frontal and 

lateral impact analyses were conducted using finite element simulation, where the chassis's ability 

to withstand 4G loads at different critical points of the structure was evaluated. The results 

revealed that the stresses generated in the frontal impact are significantly higher compared to 

other analyses, suggesting the need to reinforce this part of the chassis in future development 

stages. 

 

 

 

 
 

Design, methodology, weighted índices 

Resumen 
 

En este trabajo se presenta el diseño conceptual de un chasis monoplaza para un vehículo 

todoterreno tipo BAJA SAE, utilizando la metodología de diseño de Pahl y Beitz, con el objetivo 

de desarrollar un prototipo eficiente, seguro y capaz de soportar las exigencias de las 

competencias todoterreno. Se aplicó el método de índices ponderados para evaluar y seleccionar 

los componentes que mejor cumplen con los requisitos establecidos en el reglamento oficial de 

BAJA SAE, asegurando un equilibrio óptimo entre peso, resistencia y costo. Para garantizar la 

integridad estructural del chasis, se realizaron análisis de impacto frontal y lateral mediante 

simulación por elementos finitos, donde se evaluó la capacidad del chasis para soportar cargas 

4G en diferentes puntos críticos de la estructura. Los resultados obtenidos revelan que los 

esfuerzos generados en el impacto frontal son significativamente mayores en comparación con 

los otros análisis realizados, lo que sugiere la necesidad de reforzar esa parte del chasis en futuras 

etapas de desarrollo.  

 

 
 

Diseño, Calidad, Índices ponderados, Metodología

 

Citation: Lozano-Díaz, Alberto, Alfaro-Méndez, Jonathan, Serrano-Ramírez, Tomás and Peña-Aguirre, Julio C. [2024]. 

Design of a single-seater chassis for a BAJA SAE vehicle. Journal of Technological Prototypes. 10[25]-1-10: e21025110. 
 

 

 

 

 

 

 

 

 

 

 

 

 
 

 ISSN 2444-4995/© 2009 The Author[s]. Published by ECORFAN-Mexico, S.C. for its 

Holding Spain on behalf of Journal of Technological Prototypes. This is an open access 

article under the CC BY-NC-ND license [http://creativecommons.org/licenses/by-nc-
nd/4.0/] 

 

Peer Review under the responsibility of the Scientific Committee MARVID®- in contribution 
to the scientific, technological and innovation Peer Review Process by training Human 

Resources for the continuity in the Critical Analysis of International Research. 
 

https://ror.org/01pb9t810
https://www.webofscience.com/wos/author/record/LLK-6709-2024
https://orcid.org/0009-0009-4379-2929
https://ror.org/01pb9t810
https://www.webofscience.com/wos/author/record/LCD-9769-2024
https://orcid.org/0009-0001-4179-9221
https://ror.org/01pb9t810
https://www.webofscience.com/wos/author/record/G-6039-2018
https://orcid.org/0000-0001-6118-3830
https://ror.org/01pb9t810
https://www.researchid.co/rid87285
https://orcid.org/0000-0002-6211-7760
https://doi.org/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.marvid.org/


2 
Journal of Technological Prototypes                                                             10[25]1-10: e21025110 

Article 

 

 

ISSN: 2444-4995 

RENIECYT-CONAHCYT: 1702902 
ECORFAN® All rights reserved. 
 

Lozano-Díaz, Alberto, Alfaro-Méndez, Jonathan, Serrano-Ramírez, 

Tomás and Peña-Aguirre, Julio C. [2024]. Design of a single-seater 

chassis for a BAJA SAE vehicle. Journal of Technological Prototypes. 
10[25]-1-10: e21025110. 

DOI: https://doi.org/10.35429/JTP.2024.10.25.1.10 

Introduction 

 

This article explores the design and analysis 

process of a single-seat chassis for a BAJA SAE 

category vehicle, adhering to the standards 

established by the Society of Automotive 

Engineers (SAE), specifically the BAJA SAE 

regulations (Society of Automotive Engineers, 

2024).  

 

The Baja SAE competition challenges 

university students to develop off-road vehicles 

capable of overcoming a series of tests that 

simulate real-world off-road driving conditions 

(Baja SAE, 2024). 

 

The primary focus of this study is to 

ensure that the designed chassis is safe and 

efficient, with optimal performance in front, 

side, and rear impacts, as well as rollovers. To 

achieve this, a Finite Element Analysis (FEA) 

has been conducted, allowing for the assessment 

of the chassis's strength and performance under 

various loads (Hibbeler, 2020).  

 

This approach provides a detailed 

understanding of the structural capabilities of the 

design, based on fundamental engineering 

principles and analytical and numerical methods 

(Logan, 2016). 

 

The project aims to design a chassis that 

meets the stringent safety and performance 

requirements imposed by the Baja SAE 

regulations, selecting materials and components 

that optimize the vehicle's functionality 

(Budynas & Nisbett, 2024).  

 

Additionally, improvements and 

modifications made during the design process 

will be documented, establishing a solid 

foundation for the construction and validation of 

the chassis in the competition (Bhandari, 2021). 

 

This work not only focuses on the 

technical aspects of the design but also provides 

a guide on the essential elements to consider 

when creating an off-road Baja SAE vehicle, 

covering material selection, tubular types, and 

geometries (Beer, Johnston, & DeWolf, 2020). 

 

 

 

 

 

 

Methods 

 

Conceptual design of the SAE Baja Chassis 

 

Figure 1 illustrates the methodology diagram 

used in the design of the single-seat chassis 

system for a BAJA SAE vehicle, based on the 

design methodology of Pahl and Beitz (Pahl, 

Beitz, Feldhusen, & Grote, 2007) and 

supplemented by the approaches proposed by 

Nigel Cross (Cross, 2021). The process is 

|divided into four fundamental stages: problem 

clarification, conceptual design, embodiment 

design, and detailed design. 

 

Each step is presented in a vertical 

structure with continuous feedback, allowing the 

design to adapt to established requirements and 

improve from its initial conception to the final 

details (Pahl et al., 2007; Cross, 2021). 

 

Box 1 
 

 
 

Figure 1 

Pahl and Beitz's design methodology 

Source: Cross, (2021) 

 

Subsequently, each step is presented in a 

vertical structure with continuous feedback, 

allowing the design to adapt to the established 

requirements and improve from its initial 

conception to the final detail (Pahl et al., 2007; 

Cross, 2021). 

 

Clarification of Objectives 

 

In the design process of a single-seat chassis for 

a BAJA SAE category vehicle, one of the most 

crucial steps is to clearly define the project 

objectives.  
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Since the initial need is often not well-

defined, the design team typically starts with a 

general idea of the product but with a limited 

understanding of the possible details and 

variations. 

 

Therefore, a critical first step in the 

design methodology is to clarify and structure 

the objectives. It is essential to establish clear 

goals that guide the design process, recognizing 

that these objectives may evolve as the 

understanding of the problem deepens and 

solutions are developed. Maintaining a clear and 

shared vision among all team members is vital to 

ensuring project coherence and direction. 

 

The objectives tree method is a key tool 

within this design methodology. This approach 

allows for organizing and visualizing the 

project’s objectives hierarchically, showing how 

different objectives interrelate and connect with 

the means required to achieve them. The 

objectives tree facilitates the identification of 

primary and secondary goals, as well as their 

relationships, which helps guide the design 

process coherently and efficiently (Cross, 2021). 

 

In the design of a chassis for a Baja SAE 

vehicle, the objectives tree enables the team to 

break down the project requirements into 

specific goals, such as ensuring chassis safety 

under various impact types, optimizing materials 

to improve strength and reduce weight, and 

meeting competition regulations. By visualizing 

these objectives in a tree structure, it becomes 

clear how each design decision contributes to the 

overall project goals. 

 

This methodological approach not only 

provides a clear structure to guide the design 

process but also facilitates informed decision-

making throughout the project. By using the 

objectives tree, the design team can ensure that 

all proposed solutions align with the established 

objectives and that all critical aspects of the 

design are considered, as illustrated in Figure 2. 

 

 

 

 

 

 

 

 

 

 

Box 2 
 

 
 

Figure 2 

Single-seat chassis target tree 

      Source Author's own contribution 

 

Establishing Roles 

 

In the design of a single-seat chassis for BAJA 

SAE, a structured methodology is followed, 

beginning with the clarification of objectives, 

where the project goals are clearly defined using 

an objectives tree. This tree breaks down general 

requirements into specific objectives, such as 

safety, material optimization, and compliance 

with regulations. 

 

Next, the function establishment phase is 

carried out using the black box concept figure 3, 

which allows the focus to be on what the chassis 

must achieve (such as converting external forces 

into stability and strength) without initially 

concerning itself with how these goals will be 

accomplished. 

 

Box 3 
 

 
 

Figure 3  

Black Box  

Source Author's own contribution 

 

Subsequently, the black box is 

transformed into a transparent box figure 4 

through a block diagram. In this diagram, the 

box is broken down into subfunctions or 

secondary functions, each represented by boxes 

interconnected by their inputs and outputs. 
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This approach allows for visualizing how 

each subfunction contributes to the overall 

function of the chassis and ensures that all 

project needs and objectives are addressed in a 

structured manner. 

 

This combined approach, transitioning 

from the black box to the transparent box, 

ensures a coherent, efficient design process that 

is aligned with the project goals, optimizing 

chassis performance and ensuring compliance 

with competition regulations. 

 

Box 4 
 

 
 

Figure 4  

Transparent chassis box for a Baja SAE vehicle 

      Source Author's own contribution 

 

Setting requirements 

 

The performance specification method focuses 

on defining the performance objectives that the 

design must meet without imposing restrictions 

on specific physical components. This approach 

gives the designer the freedom to explore 

various technical solutions to achieve those 

objectives, encouraging creativity and 

innovation. Instead of focusing on 

predetermined materials or configurations, the 

emphasis is on meeting performance criteria, 

allowing the single-seat chassis design to be 

adapted and optimized throughout the process, 

ensuring flexibility and efficiency in meeting the 

requirements of the Baja SAE competition. 

 

Box 5 
Table 1 

Chassis requirements for Baja SAE vehicles 

 
Requirements Specification 

Load Up to 200 Kg 

Structure Lightweight, stable, rigid 

Assembly Easy assemble 

Compact design Modular 

Maintenance Simple 

Repairs Simple and quick 

Durability maximum 

 

  Source Author's own contribution 

 

Generation of alternatives 

 

During the alternative generation stage, 20 

different options were developed considering 

three key aspects: chassis material, structural 

geometry, and type of tubing used. These 

alternatives were carefully designed to meet the 

established requirements, such as a load capacity 

of up to 200 kg, a rigid, lightweight, and stable 

structure, ease of assembly, and a modular 

design. 

 

The requirements table shown below was 

crucial in this process, serving as a guide to 

ensure that each alternative met critical 

specifications, including ease of maintenance, 

quick repairs, and maximum durability. By 

focusing on these criteria, various configurations 

were identified that could meet the structural and 

operational demands of the chassis in a BAJA 

SAE vehicle. 

 

Box 6 
Table 2 

Generation of Alternatives 

 
Alternative  Tubular Type Material Type Chassis 

Geometry 

Type 

4 Circular tube  Aluminum  Tubular 

chassis 

5 Combined 
tube (circular 

and square) 

Steel Combined 
chassis 

(tubular and 

angular) 

6 Square tube Steel Angular 

chassis 

7 Rectangular 
tubing   

Aluminum Tubular 
chassis 

10 Rectangular 

tubing   

Steel Angular 

chassis 

11 Combined 
tube (circular 

and 

rectangular) 

Combination of 
steel and 

aluminum 

Combined 
chassis 

(tubular and 

angular) 

14 Combined 
tube (circular 

and square) 

Aluminum  Angular 
chassis 

 

  Source Author's own contribution 

 

Alternative evaluation  

 

During the alternative generation stage, 20 

different options were developed considering 

three key aspects: chassis material, structural 

geometry, and type of tubing used. These 

alternatives were carefully designed to meet the 

established requirements, such as a load capacity 

of up to 200 kg, a rigid, lightweight, and stable 

structure, ease of assembly, and a modular 

design. 
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Subsequently, a thorough evaluation of 

all alternatives was conducted based on the 

established requirements. Each option was 

assessed in terms of its ability to meet key 

criteria, such as maximum durability, simplicity 

in maintenance, and speed of repairs. As shown 

in Table 3, the alternatives that best met these 

criteria were selected, with alternatives 4, 5, 6, 

10, 11, and 14 standing out as the most 

promising. These alternatives were considered 

the most suitable to advance to the next design 

phase due to their alignment with the project 

objectives and their ability to meet the 

operational and structural demands of the 

chassis. 

 

Box 7 
Table 3 

Evaluation of Alternatives 

 
Requirement weight 

(%) 

4 5 6 10 11 14 

Load-bearing 

capacity 

20% 8 8 7 8 8 8 

Structure 25% 8 8 8 9 8 9 

Mounting 15% 8 7 7 8 8 8 

Compact 

design 

10% 7 8 7 7 8 8 

Maintenance 10% 6 7 8 7 7 7 

Repairs 10% 7 8 7 8 8 8 

Durability 10% 8 8 7 9 8 8 

 100% 7.6 7.75 7.35 8.15 7.85 8.35 

 

  Source Author's own contribution 

 

Description and design of alternative selected  

 

Designing a vehicle for the Baja SAE 

competition requires strict adherence to specific 

regulations, ensuring that the chassis is both 

strong and lightweight. To achieve this, 

materials such as AISI 1020 steel tubing are 

used, and an appropriate geometry is designed 

for off-road performance. 

 

The development of the model began 

with a conceptual sketch, shown in Figure 5, 

which originated from three design variants and 

served as a guide for the entire project, ensuring 

compliance with regulations and objectives. This 

sketch was refined to precisely define the shapes 

and dimensions of the chassis and its 

components. Detailed models were created to 

represent mounting points, welded connections, 

and supports, which were used as the basis for 

creating the 3D CAD model. 

 

 

Box 8 
 

 
 

Figure 5 

Chassis Sketch 

      Source Author's own contribution 

 

The next step was the generation of the 

body design, composed of welded components, 

which allowed for an accurate representation of 

the chassis and the integration of all structural 

elements. With the 3D model in development, as 

shown in Figure 6, structural analyses were 

conducted to assess the strength and behavior of 

the chassis under typical load conditions of the 

Baja SAE competition. This analysis will 

determine whether the chassis meets the 

expected safety and performance requirements 

for the competition. 

 

Box 9 
 

 
 

Figure 6 

3D Chassis Model. 

      Source Author's own contribution 

 

Results 

 

In the development of the chassis for the BAJA 

SAE competition vehicle, multiple structural 

analyses were conducted using the Finite 

Element Method (FEM). These analyses focused 

on evaluating the chassis's behavior under 

various loading conditions that the vehicle might 

encounter during the competition.  
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Critical scenarios were defined to assess 

potential risks to both the chassis's integrity and 

the driver's safety. The scenarios considered 

included front and rear impacts. In each of these 

scenarios, specific boundary conditions and 

representative loads were applied to accurately 

simulate the forces acting on the chassis in real-

world situations. 

 

Front Impact Analysis 

 

In the front impact analysis, the chassis's ability 

to withstand frontal impacts was evaluated by 

simulating a scenario where the vehicle collides 

directly with an obstacle. Boundary conditions 

were applied to the rear of the chassis, fixing 

those points to simulate the overall structural 

resistance of the vehicle. The front loads were 

applied to the front of the chassis, replicating the 

forces expected in a severe frontal impact, 

assuming a 4G load with an estimated weight of 

250 kg, including the driver. As shown in Figure 

7, the loads were uniformly distributed across 

the front to ensure a realistic impact simulation. 

 

Box 10 
 

 
 

Figure 7 

Boundary Conditions for Front Load. 

      Source Author's own contribution 

 

The results indicated that the maximum 

deformation occurred in the front part of the 

chassis, particularly at the joints near the impact 

zone. However, the recorded deformations 

exceeded the acceptable limits for AISI 1020 

steel, compromising the structural integrity of 

the chassis. As shown in Figure 8, the total 

deformation is concentrated in the areas of 

frontal impact, creating a risk of structural 

failure under these conditions. 

 

 

 

Box 11 
 

 
 

Figure 8 

Total Deformation in the Front Impact Analysis. 
      Source Author's own contribution 

 

The maximum Von Mises stress 

recorded in these areas reached an equivalent 

stress of 416.59 MPa, exceeding the yield 

strength of AISI 1020 steel, which is 350 MPa. 

This result indicates that the chassis, made from 

this material, is unable to distribute the loads 

adequately, leading to stress concentrations that 

could result in premature failure. Figure 9 shows 

how the stresses are concentrated in critical 

areas, highlighting the need to reconsider the 

material or redesign these sections. 

 

Box 12 
 

 
 

Figure 9 

Equivalent Stress in the Front Impact Analysis. 

      Source Author's own contribution 

 

The analysis resulted in a safety factor of 

0.788, calculated using the Von Mises criterion. 

This confirms that the current chassis design 

with AISI 1020 steel is not safe for withstanding 

frontal impacts. As shown in Figure 10, the areas 

of highest stress require additional 

reinforcement or the use of a stronger material to 

meet structural safety requirements. 
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Box 13 
 

 
 

Figure 10 

Safety Factor According to the Von Mises Criterion in 

the Front Impact Analysis. 

      Source Author's own contribution 

 

Rear Impact Analysis 

 

In the rear impact analysis, the chassis's 

resistance to longitudinal forces typical of a rear 

collision was evaluated. To simulate this type of 

impact, boundary conditions were applied that 

restricted the movement of the chassis at the 

front, while longitudinal loads were applied at 

the rear to represent the force of a rear-end 

collision with a magnitude of 4G. These 

conditions were designed to focus stress on the 

critical areas of the chassis, ensuring that the 

simulation accurately reflected the effects of a 

rear collision on the vehicle structure. As 

illustrated in Figure 11, the loads were applied at 

the rear of the chassis to replicate a rear impact. 

 

Box 14 
 

 
 

Figure 11 

Analysis Boundary Conditions for Rear Impact. 

      Source Author's own contribution 

 

 

The results showed that the maximum 

deformation occurred at the rear of the chassis. 

Although deformations were recorded, they 

remained controlled and did not affect the 

overall stability of the vehicle. As shown in 

Figure 12, the areas of greatest deformation are 

concentrated at the rear of the chassis but do not 

compromise structural integrity. 

 

Box 15 
 

 
 

Figure 12 

Total deformation in the rear impact analysis. 

      Source Author's own contribution 

 

The maximum Von Mises stress 

recorded in the rear impact areas was 240.47 

MPa. This value, as illustrated in Figure 13, 

shows how the stress is distributed in critical 

areas, allowing for the evaluation of material 

strength under rear impact conditions. The 

chassis structure made of AISI 1020 steel was 

able to handle these loads without showing 

failures. 

 

Box 16 
 

 
 

Figure 13 

Equivalent Stress in the Rear Impact Analysis. 

      Source Author's own contribution 
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With the recorded stress value, a safety 

factor of 1.364 was calculated. This result, 

shown in Figure 14, indicates that the chassis can 

withstand rear impacts without significant 

damage, ensuring that the vehicle maintains its 

stability and adequately protects the driver in the 

event of a rear collision. Although the areas of 

greatest stress are located at the rear, the 

obtained safety factor confirms the structural 

integrity of the chassis in response to this type of 

impact. 

 

Box 17 
 

 
 

Figure 14 

Safety Factor under Von Mises Criterion in Rear 

Impact Analysis 

      Source Author's own contribution 

 

Conclusions 

 

In the development of the chassis for the BAJA 

SAE competition vehicle, the importance of a 

robust structural design that ensures driver safety 

and vehicle integrity under extreme conditions 

has been highlighted. Through comprehensive 

analysis using the Finite Element Method 

(FEM), the behavior of the chassis under critical 

scenarios of frontal and rear impact was 

evaluated. 

 

The results indicated that, in frontal 

impact situations, the chassis made from AISI 

1020 steel does not meet the expected safety 

requirements. Deformations and stress 

concentrations exceed the material limits, 

resulting in a safety factor of 0.788, which is 

insufficient to ensure structural integrity under 

these conditions. This underscores the need to 

optimize the design to improve impact 

absorption and ensure safety in frontal collision 

scenarios. 

 

 

To address these challenges, the 

possibility of modifying the material in the front 

part of the chassis was evaluated, considering, 

for example, replacing AISI 1020 steel with 

AISI 1045 steel, which has a yield strength of 

530 MPa. This change would allow the chassis 

to withstand the maximum stress of 416.59 MPa 

recorded in frontal impact, providing additional 

safety margin and improving structural integrity 

under these conditions. However, AISI 1045 is 

just one of many materials that could be 

considered to optimize the chassis, depending on 

specific requirements for strength, weight, and 

cost. 

 

Additionally, a design optimization 

methodology will be applied that considers key 

variables of strength and weight. This 

optimization will focus on strengthening critical 

areas of the chassis, improving load distribution, 

and reducing overall weight without 

compromising structural integrity. Different 

design configurations and alternative materials 

with better mechanical properties will be 

evaluated to achieve an optimal balance between 

strength and lightness. 

 

In the rear impact analysis, the chassis 

exhibited more favourable behaviour, with a 

safety factor of 1.364, indicating that the 

structure can withstand these loads without 

compromising stability. However, design 

optimization will also be considered for these 

scenarios to ensure that the chassis maintains 

optimal performance under all load conditions. 

 

The implementation of design 

optimization, along with the possible 

modification of the material in the front part, is a 

crucial step to improve the chassis's integrity in 

frontal impacts, applying an approach based on 

strength and weight to meet the strict safety 

standards of the BAJA SAE competition. This 

will ensure the durability and performance of the 

vehicle in high-demand situations, providing a 

safer and more efficient structure. 

 

Future Work 

 

Future efforts will focus on the continuous 

optimization of the chassis’s weight and 

strength, aiming to achieve an ideal balance that 

maximizes vehicle performance without 

compromising safety.  
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Further studies will be conducted on 

material selection, exploring options that offer 

better mechanical properties and contribute to 

the overall weight reduction of the vehicle. 

 

Before the chassis prototype is 

manufactured, additional analyses will be 

carried out, including simulations of side 

impacts, rollover, and towing conditions. These 

analyses, conducted using the Finite Element 

Method (FEM), are crucial to ensure that the 

chassis and subsystems can withstand the 

various extreme scenarios that might occur 

during the BAJA SAE competition. 

 

Once these analyses are completed and 

validated, the chassis prototype will be 

manufactured, integrating essential subsystems 

such as suspension, steering, brakes, 

transmission, propulsion system, and electrical 

system. Each of these subsystems will be 

simulated using FEM to ensure that their design 

meets performance and safety requirements. 

These simulations will help identify and address 

potential weaknesses in the subsystems before 

fabrication, ensuring greater reliability and 

efficiency in the final prototype. 

 

This comprehensive approach, which 

includes thorough pre-manufacturing analysis 

and detailed subsystem simulation, will ensure 

that the vehicle not only meets safety standards 

but also optimizes its performance under the 

extreme conditions’ characteristic of the BAJA 

SAE competition. 

 

Declarations 

 

Conflict of interest 

 

The authors declare no conflict of interest. They 

have no known financial or personal 

relationships that could have influenced the 

research presented in this article. 

 

Author contribution 

 

Lozano-Díaz, Alberto: Application of the idea, 

development of the design methodology, and 

creation of 3D models. 

 

Alfaro-Méndez, Jonathan: Development of 

simulations and analysis of results. 

 

Serrano-Ramírez, Tomás: Data analysis and 

creation of 3D models. 

Peña-Aguirre, Julio C: Data analysis and article 

writing. 

 

Availability of data and materials 
 
The design process for this project involved a 

seamless integration of SolidWorks and 

ANSYS. SolidWorks was instrumental in 

creating detailed 3D models of the components, 

serving as the foundation for subsequent 

analysis. These models were then imported into 

ANSYS to conduct rigorous simulations and 

stress tests. By utilizing ANSYS, we were able 

to assess the design's performance under real-

world conditions. Please be aware that the 

physical realization of this design is contingent 

upon future material acquisition. At present, our 

efforts are concentrated on the virtual 

prototyping and analysis phases. 

 

Funding 

 

This work has been funded by the Universidad 

Politécnica de Guanajuato 

 

Abbreviations 

 
AISI American Iron and Steel Institute 

FEM 

SAE 

Finite Element Method 

Sociecty of Automive Engineers 

 

References 

 

Basics 

 

Baja SAE. (2024). Baja SAE Rules 2024. 

Society of Automotive Engineers. 

 

Bhandari, V. B. (2021). Design of Machine 

Elements. McGraw Hill Education. ISBN: 

9789390177479 

 

Beer, F. P., Johnston, E. R., & DeWolf, J. T. 

(2020). Mechanics of Materials. McGraw-Hill 

Education. ISBN: 9781260113273 

 

Hibbeler, R. C. (2020). Engineering Mechanics: 

Statics & Dynamics (14th ed.) Pearson. ISBN: 

9780136912378 

 

Logan, D. L. (2016). A First Course in the Finite 

Element Method. Cengage Learning. ISBN: 

9781337342407 

 

https://doi.org/
https://www.bajasae.net/cdsweb/app/NewsItem.aspx?NewsItemID=fca69591-edf2-46fc-aac2-0b7ed04f88a9
https://www.bajasae.net/cdsweb/app/NewsItem.aspx?NewsItemID=fca69591-edf2-46fc-aac2-0b7ed04f88a9
https://www.mheducation.co.in/design-of-machine-elements-9789390177479-india
https://www.mheducation.co.in/design-of-machine-elements-9789390177479-india
https://www.mheducation.com/highered/product/mechanics-materials-beer-johnston/M9781260113273.html
https://www.pearson.com/en-us/subject-catalog/p/engineering-mechanics-statics--dynamics/P200000007370/9780136912378
https://www.pearson.com/en-us/subject-catalog/p/engineering-mechanics-statics--dynamics/P200000007370/9780136912378
https://www.vitalsource.com/products/a-first-course-in-the-finite-element-method-daryl-l-logan-v9798214343815
https://www.vitalsource.com/products/a-first-course-in-the-finite-element-method-daryl-l-logan-v9798214343815


10 
Journal of Technological Prototypes                                                             10[25]1-10: e21025110 

Article 

 

 

ISSN: 2444-4995 

RENIECYT-CONAHCYT: 1702902 
ECORFAN® All rights reserved. 
 

Lozano-Díaz, Alberto, Alfaro-Méndez, Jonathan, Serrano-Ramírez, 

Tomás and Peña-Aguirre, Julio C. [2024]. Design of a single-seater 

chassis for a BAJA SAE vehicle. Journal of Technological Prototypes. 
10[25]-1-10: e21025110. 

DOI: https://doi.org/10.35429/JTP.2024.10.25.1.10 

Budynas, R. G., & Nisbett, K. J. (2024). 

Shigley's Mechanical Engineering Design ISE 

(11th ed.). McGraw Hill Education. ISBN: 

9781260577112 

 

Cross, N. (2021). Engineering design methods: 

Strategies for product design (5th ed.). John 

Wiley & Sons. ISBN: 978-1-119-72440-7 

 

Pahl, G., Beitz, W., Feldhusen, J., & Grote, K.-

H. (2007). Engineering Design: A Systematic 

Approach (3rd ed.). Springer. 

https://doi.org/10.1007/978-1-84628-319-2 

 

 

https://doi.org/
https://www.mheducation.com.mx/shigley-s-mechanical-engineering-design-ise-9781260577112-latam
https://www.mheducation.com.mx/shigley-s-mechanical-engineering-design-ise-9781260577112-latam
https://www.wiley.com/en-mx/Engineering+Design+Methods%3A+Strategies+for+Product+Design%2C+5th+Edition-p-9781119724407
https://doi.org/10.1007/978-1-84628-319-2


1 
Journal of Technological Prototypes                                                               10[25]1-8: e31025108 

Article 

 

Au(III) recovery from aqueous systems 

 

Recuperación de Au(III) de sistemas acuosos 
 

Salazar-Hernández, Mercedesa*, Elorza-Rodríguez Enriqueb, Salazar-Hernández Carmenc and Mendoza-

Miranda, Juan Manueld 
 
a  Universidad de Guanajuato •  LTF-1226 •  0000-0001-8039-8124 •  446271 
b  Universidad de Guanajuato •  LTF-1875-2024 •  0000-0001-8633-6063 •  218740 
c  Instituto Politécnico Nacional-UPIIG •  D-4418-2019 •  0000-0002-6901-2937 •  105461 
d  Instituto Politécnico Nacional-UPIIG •  LTF-7054-2024 •  0000-0003-4777-767X •  95057 

 

CONAHCYT classification: 

 

Area: Engineering 

Field: Engineering 

Discipline: Chemical engineering 

Subdiscipline: Metallurgy 

 https://doi.org/10.35429/JTP.2024.10.25.3.8 

Article History: 

Received: January 18, 2024 

Accepted: December 31, 2024 

 

*  [merce@ugto.mx]   

Abstract 
 

The recovery of various metal ions in hydrometallurgical processes, whether from the ore or from 

the recycling of metals, is a multi-stage process that allows for the selective recovery of the metal 

ion of interest from the leach solutions. In this regard, the development of novel adsorbents 

represents a promising field of research for these processes. The present study examines the use 

of silica mesopores modified with magnetite (MS–N3–Fe) in the removal of Au(III) in H2O/HCl 

systems. The results show that MS–N3–Fe is capable of quantitatively recovering Au(III) from 

aqueous solutions with high efficiency, with a removal capacity exceeding 95% across the entire 

concentration range investigated. The analysis of the adsorption kinetics demonstrated that the 

system exhibited a markedly tendency towards equilibrium, thereby establishing the viability of 

the [AuCl4]- adsorption process with MSN3–Fe. 

 

 

 
 

Green silica, hydrometallurgy, Au(III) recovery  

 

Resumen 
 

La recuperación de los diversos iones metálicos en los procesos hidrometalúrgicos ya sea a partir 

del mineral o del reciclaje de los metales, implica diversos pasos que permitan la recuperación 

selectiva del ion metálico de interés a partir de las soluciones ricas de lixiviación. El desarrollo 

de nuevos adsorbentes es un área de interés para dichos procesos de recuperación, los materiales 

adsorbentes magnéticos permiten la recuperación del ion metálico mediante adsorción y 

concentración magnética, evitando así el uso de columnas de adsorción-desorción, que suelen 

presentar ciertas limitaciones para estos procesos. El presente trabajo muestra el uso de 

mesoporos de sílice modificados con magnetita (MS–N3–Fe) en la remoción de Au(III) en 

sistemas H2O/HCl, observándose una capacidad de remoción de Au cuantitativa (≥ 95 %). El 

análisis de la cinética de adsorción mostró un sistema tendiente drásticamente al equilibrio, lo 

que demuestra la viabilidad del proceso de adsorción del [AuCl4]- con las MSN3-Fe. 
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Introduction 

 

The use of functionalized mesoporous materials 

of silica or other non-metallic oxides in the 

extraction of various contaminants, including 

metal and non-metal ions, pharmaceuticals, 

hydrocarbons, and dyes, from aqueous systems 

has been extensively documented in the 

literature (Yao Ma et col., 2023; Yuwei Hua et 

al., 2023; Sulieman et al., 2023; Huan Zhang et 

al., 2023; Chaoke Bulin, 2023; Behrad Barzegar 

et al., 2023; Gang Chen et al., 2023; Huijin Li et 

al., 2023). In particular, the extraction of gold in 

acidic media with functionalized materials has 

been demonstrated to be one of the applications 

of this type of material. For the selective 

recovery of gold from its leachates from 

electronic waste, different functional groups, 

such as amino, mercapto, and urea, among 

others, have been proposed (Jiyang Liu et al., 

2021; Jilin Zhao et al., 2019; Feng-Chin Wu et 

al., 2009; Xuefeng Yu et al., 2024; Yani Wang 

et al., 2024; Nguyen et al., 2023; Qing Liu et al., 

2024; Xiaoxia Liu et al., 2024). These works 

demonstrate the feasibility of gold recovery in 

aqueous media with functionalized mesoporous 

materials. 

 

Recently, silica-magnetite functionalized 

magnetic composites, or silica–γ–Fe₂O₃, 

CoFe₂O₄, MnFe₂O₄, have been proposed as an 

alternative for the magnetic recovery of metal 

ions (Ag, Au, Pd, Pt) and other contaminants in 

aqueous systems (Sayed, 2016; Elham Aghaei et 

col, 2017; Salaz-Hernández et col, 2024). The 

synthesis of these composites is typically 

performed by coating magnetic nanoparticles of 

iron, cobalt, manganese, vanadium, and other 

metals with silica. This process allows for the 

modification of the silica with various functional 

groups, which can facilitate the selective 

removal of contaminants. This removal is 

achieved through physical adsorption or 

covalent immobilization of the analyte with the 

functional groups that modify the material 

(Elham Aghaei et al., 2017; Salaz-Hernández et 

al., 2024). 

 

As previously stated, the use of diverse 

magnetic adsorbents in the elimination of 

contaminants and the recuperation of metal ions 

has been extensively documented. Currently, 

this remains a topic of investigation for the 

advancement of novel technologies aimed at 

facilitating the recovery of these contaminants 

and metal centres.  

In 2023, Yao Ma et al. reported the 

employment of innovative magnetic membranes 

based on polyacrylate-magnetite for the 

selective magnetic recovery of 4,4'–

dibromodiphenyl ether. The use of these 

adsorbents allows for the quantitative recovery 

(99.9%) and stabilization of surfactant (Triton 

Z–100) from effluents originating from the 

washing of contaminated soils. The organic 

pollutant remains in solution, and the adsorption 

efficiency of the pollutant reaches 95% after five 

adsorption-desorption cycles. Additionally, the 

adsorption capacity of the adsorbents is 164 

µmol g–1 (Yao Ma et col., 2023) 

 

The present work aims to demonstrate 

the synthesis and characterization of amino-

functionalized silicas modified with magnetite 

as a potential new magnetic adsorbent, as well as 

to evaluate its effectiveness for the recovery of 

Au (III) in aqueous systems in acidic media. 

 

Experimental procedure 

 

Synthesis of silica modified with amino groups 

(MS–N3) 

 

The mesoporous silica was obtained from 

sodium silicate, and its modification was 

conducted with 20% mol of the modifying agent. 

In a 250 mL flask, 166.66 mmol of the MS are 

suspended in 100 mL of ethanol, and the mixture 

is maintained in agitation for five minutes. At the 

ending of this period, 33.33 mmol of the organic 

precursor Subsequently, 0.5 mL of NH₄OH are 

added under constant agitation. The system is 

then placed under reflux for 12 h. The resulting 

solid is recovered by filtration and washed with 

two portions of NH₄OH, followed by two 

portions of 5 mL ethanol. Finally, the solid is 

recovered by filtration and washed with two 

portions of ethanol, then dried in an oven for 12 

h at 75°C. 

 

Magnetite synthesis 

 

The synthesis of magnetite was carried out by 

precipitation techniques according to reaction 

(R1), in a 2Fe³⁺: Fe²⁺ ratio. In a 250-mL flask, 

5.27 g of FeSO₄ and 2.7 g of FeCl₃ are dissolved 

in 200 mL of water under constant stirring. The 

pH is then adjusted to 10–11, and the system is 

then placed at reflux for 24 h, after which the 

magnetite is recovered by filtration and dried at 

75°C for 12 h (Jos J. M. Lenders et al., 2016; Jae 

H. Kwon et al., 2014). 
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2FeCl3 + FeSO4 + 8NH4OH → Fe3O4 + (NH4)2SO4   +
                                                          6NH4Cl + 4H2O  

Reaction 1 
 

Modification of mesoporous silicas using 

amino groups with magnetite. 

 

The magnetite-modified silica was obtained by 

suspending 10 g of MS–N3 in 100 ml of water in 

a volumetric flask of 250 ml and adding 1.5 g of 

Fe₃O₄. The system was placed at reflux for 24 h, 

after which the reddish solid was recovered by 

filtration and washed with two portions of 5 ml 

of ethanol. The resulting solid was then dried at 

75 °C for 12 h (Salazar-Hernández et al., 2015). 

 

Material Characterization 

 

The physicochemical characterization of the 

materials was conducted using a range of 

techniques, including FTIR, SEM–EDS, and 

CPMAS NMR of 29Si and 13C. 

 

Estimation of Au(III) adsorption 

 

The adsorption capacity of Au(III) was 

evaluated by determining the adsorption kinetics 

at 10-minute intervals over the course of one 

hour with standard solutions of [AuCl₄]− at 

varying concentrations (15–365 ppm). A 

quantity of 0.1 g of the material was combined 

with 10 mL of a solution of Au(III) to be 

evaluated, and the residual concentration of 

silver in the solution was determined at the 

aforementioned times by atomic absorption 

spectrometry. 

 

The adsorption capacity of silver was 

determined by means of equation (1), in which 

qt represents the loading at time t, Co and Ct 

denote the initial and time–specific silver 

concentrations in the solution in mg L–1, V 

indicates the volume of the sample employed 

(L), and m represents the mass of the material 

used in g. 

 

𝑞𝑡 =
(𝐶0−𝐶𝑡)𝑉

𝑚
                                                        (1) 

 

Results and Discussion 

 

Synthesis and Characterization of MS–N3–Fe 

Figure 1 shows the FTIR characterization of 

MS–N3 and MS–N3–Fe. The presence of organic 

matter is observed in the range of 3000–2500 

cm–1 and 1600–1200 cm–1.  

In all cases for the samples modified with 

magnetite, a vibrational shift of δ C–N is 

observed, suggesting the N→Fe interaction on 

the materials. Figure 2 shows the solid-state 13C 

nuclear magnetic resonance characterization 

(CPMAS 13C NMR) of the amino-functionalized 

silicas. The Si–C signal was observed at 9.12, –

2.94, and 8.39 ppm for MS–N, MS–N2, and MS–

N3, respectively. The CPMAS 29Si NMR 

characterization is shown in Figure 3. In all 

cases, the T–groups of Si–C for the modified 

samples were observed at –67.58, –19.97, and –

67.28 ppm for MS–N, MS–N2, and MS–N3, 

respectively. All materials exhibited the 

presence of Q2 (–101 ppm) and Q4 (–110 to –111 

ppm) groups, indicating the formation of a 

hydrated silica network. 

 

Box 1 

 
Figura 1 

Comparative spectra for FTIR MS–N3 and MS–N3–Fe. 

 

Box 2 

 
Figura 2 

RMN CPMAS 13C of MS–N, MS–N2 y MS–N3. 

 

Box 3 

 
Figura 3 

RMN CPMAS 29Si of MS–N3. 
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Figure 4 shows the SEM–EDS of the 

materials modified with magnetite. It can be 

observed that the distribution of iron is not 

homogeneous in the material and is associated 

with the silica. 

 

Box 4 

 
Figura 4 

SEM-EDS of the magnetite modified materials: MS–N, 

MS–N2 and MS–N3 

 

Study Adsorption Au(III) 

 

Figure 5 shows the adsorption isotherms of 

Au(III) in a concentration range from 50 to 500 

mg L–1 for the evaluated materials modified with 

one, two, and three amino groups. No significant 

difference was observed in their adsorption 

capacity. In all cases, a quantitative removal 

above 90% was observed (Figure 6), as well as 

the adsorption equilibrium after 20 minutes. 

 

Box 5 

 
Figura 5 

Adsorption Isotherms of Au(III) with MS–N3–Fe 

 

 

 

 

 

 

 

 

 

 

Box 6 

 
Figura 6 

Au(III) adsorption capacity with MS–N–Fe, MS–N2–Fe 

and MS–N3–Fe. 

 

The second pseudo-second order adsorption 

kinetic model (PSO, Equation 2) considers the 

evaluation of the Rw coefficient, which is a 

parameter that allows for the straightforward 

identification of the system's tendency towards 

equilibrium and the feasibility of the adsorption 

process. Equation (3) shows the definition of this 

coefficient, which is dependent on the charge at 

equilibrium and the kinetic constant of the PSO 

model, as well as on a sufficiently long reference 

time in which the system is already at 

equilibrium (Feng-Chin Wu et al., 2009). 

 
t

Qt
=

1

K2Qe
2 +

1

Qe
t                                                    (2) 

 

Rw =
1

1+QeK2tref
                                                 (3) 

 

Where: 

 

The charge at equilibrium in mgg-1 is 

determined from the PSO model. The reference 

time, tref, is selected as a sufficiently extended 

period that allows for the observation of the 

kinetics under study. 

 

The parameter Rw of the system will 

define the equilibrium present in the adsorption 

process. If Rw is equal to 1, for a linear kinetic 

curve where the magnitude of the K2Qetref 

<<<1, it can be concluded that the adsorption 

process is not conducted favorably. This may be 

due to several factors such as: 1) The value of K₂ 

is exceedingly small, which is unfavorable for 

the adsorption process. 2) The value of Qe is 

similarly small, and 3) the value of tref is 

exceptionally long. These factors indicate that 

the adsorption process is unfavorable, and that 

the system is unable to reach equilibrium.  
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The curvature of the adsorption curve 

typically increases as Rw decreases, which is 

indicative of the system approaching 

equilibrium and the feasibility of the adsorption 

process. Table 1 provides a summary of the 

characteristics of adsorption curves as a function 

of the magnitude of Rw for a given system and 

its approach to equilibrium. This parameter 

allows for the straightforward evaluation of the 

feasibility of the adsorption process under study. 

 

Box 7 
 

Table 1 

Characteristics of adsorption curves for a PSO system 

and the approximation of the RW equilibrium factor  
 

Rw Kinetic 

curve type 

Approach to 

equilibrium 

Zone 

1 Linear Not 

approaching 
equilibrium 

0 

1>Rw<0.1 Slight 

curvature 

Approaching 

equilibrium 

I 

0.1>Rw>0.01 Wide 
curvature 

Good 
approximation 

to equilibrium 

II 

Rw<0.01 Pseudo-
rectangular 

Drastically 
close to 

equilibrium 

III 

 

Source: (Feng-Chin Wu et al., 2009). 

 

Table 2 presents a summary of the 

kinetic parameters derived from the 

experimental data and evaluated using the PSO 

model. In all cases, a satisfactory fit to the model 

was observed. The Rw analysis demonstrated a 

significant tendency towards equilibrium, 

indicating that the adsorption process of Au(III) 

on MS–N3–Fe materials is favorable. 

Furthermore, the observed adsorption capacity 

was quantitative, exceeding 90% (Figure 6).  

 

The K2 rate constant of the system 

demonstrates a decreasing trend with increasing 

initial gold concentration. This suggests that the 

adsorption process is regulated by both external 

and intra-particle diffusion, with the latter being 

the dominant mechanism. The parameter K2Qe, 

which reflects the working capacity of the 

material and is related to the t1/2 of the system 

(t1/2=1/K2Qe), implies that the higher the K2Qe, 

the faster the ring will adsorb. 

 

 

 

 

 

 

 

Box 8 
 

Table 2 

Kinetic parameters of the PSO model and the 

equilibrium factor approximation RW 
 

[Au(III)]0/ 

mgL-1 

50 100 200 300 500 

Qecal/m

gg-1 

4.47 
9.71 19.61 29.67 50 

Qeexp/ 

mgg-1 
4.48 

9.7 
19.7 

29.7 49.86 

K2/                                    

gmg-

1min-1 

20.813
4 

6.631 

8.67 

5.678 

2 

Rw 0.0005 0.0008 0.0003 0.0003 0.0005 

K2Qe/ 

min-1 
93.125 

64.375 170 168.5 
100 

System 

observa

tion 

Drastic

ally 
close to 

equilibr
ium 

Drastic

ally 
close to 

equilibr
ium 

Drastic

ally 
close to 

equilibr
ium 

Drastic

ally 
close to 

equilibr
ium 

Drastic

ally 
close to 

equilibr
ium 

 

Figure 7 (a) shows the results of the SEM 

coupled with EDS analysis of the Au adsorption 

on the MS–N3–Fe surface. The data indicate a 

non-homogeneous adsorption pattern on the 

surface, with a low concentration of Au present 

in the material. 

 

Box 9 

 
 

 
 

Figura 7 

MS-N3-Fe-Au (a) SEM and (b) EDS. 

 

 

 

 

 

 

 

(b) 

(a) 
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Conclusions 

 

The presence of the triethylenediamine group in 

the mesoporous silica was confirmed by FTIR, 
13C CPMAS NMR, and 29Si characterization. 

Additionally, SEM-EDS analysis revealed the 

presence of Fe3O4 in the material, which 

enhances its potential for use in magnetic 

concentration applications. The observed 

Au(III) removal capacity was quantitatively 

above 90% in a concentration range of 50–500 

mg L–1. The experimental data fitted the pseudo-

second order (PSO) kinetic model, indicating 

that the systems showed a tendency to reach 

equilibrium in all cases. The analysis of the 

kinetic parameters of the system revealed that 

the adsorption of Au(III) occurred more 

efficiently with an increase in the number of 

amino groups present in the material, suggesting 

that the amino groups are active sites for the 

adsorption process. 
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Abstract 
 

In this paper, the objectives, the methodology used for the execution of the project and the results 

achieved is presented. The project constitutes the development of a self-service device that allows 

the delivery of medication prescribed by a specialist by reading an identifier on medical 

prescriptions. For development it was necessary different stages, the development of the barcode 

system in medical prescriptions was the first stage, considering that this system was carried out 

in a previous paper, subsequently the link was made with the electronic and programming part, 

that is, communication was established with the graphical user interface and subsequently the 

mechanical design for the integration of the device was generated. Adopting these tools will make 

it possible to achieve an important impact by reducing waiting times and preventing saturation of 

facilities in non-eventual situations, by contemplating their installation in different public places, 

expanding access for users to the health services network. 

 

 
 

 

Dispenser, Automatic, Medical prescription 

Resumen 
 

En este trabajo, se presentan los objetivos, la metodología empleada para la ejecución del 

proyecto y se enuncian los resultados alcanzados. El proyecto constituye el desarrollo de un 

dispositivo de autoservicio que permite realizar la entrega de medicamento que prescribe un 

especialista a partir de la lectura de un identificador en las recetas médicas. Por lo que fue 

necesario seccionarlo en diferentes etapas, el desarrollo del sistema de código de barras en recetas 

médicas fue la primera etapa, considerando que este sistema se efectuó en un trabajo previo, 

posteriormente se realizó la vinculación con la parte electrónica y de programación, es decir, se 

estableció la comunicación con la interfaz gráfica de usuario y posteriormente se generó el diseño 

mecánico para la integración del dispositivo. El adoptar estas herramientas permitirá lograr un 

impacto importante al reducir los tiempos de espera y prevenir la saturación de las instalaciones 

en situaciones no eventuales, al contemplar su instalación en diferentes sitios públicos ampliando 

el acceso para los usuarios a la red de servicios de salud. 
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Automatic medicine dispenser using medical prescriptions 
 

Objetives 
 

Methodology 
 

Contribution 

Develop a self-service device 

for the delivery of medications 

through medical prescriptions. 

 

 

 

 
I. Barcode system in 

medical 

prescriptions.  
 

II. The link was 

made with the 

electronic and 

programming 

part. 
 

III.  The mechanical 

design was 

generated for the 

integration of the 

device. 

Adopting these tools will make 

it possible to make a significant 

impact by reducing waiting 

times and preventing the 

saturation of health facilities. 

 

Installing the device in different 

public places will expand 

access to health services. 

      

 

Expendedor automático de medicamentos a partir de recetas médicas 
 

Objetivos 
 

Metodología 
 

Contribución 

Desarrollar un dispositivo de 

autoservicio para la entrega de 

medicamento por medio de 

recetas médicas. 

 

 

 
I. Sistema de código 

de barras en 

recetas médicas. 

 

II. Vinculación con 

la electrónica y 

programación. 

 

III. Se generó el 

diseño mecánico 

para la 

integración del 

dispositivo. 

El adoptar estas herramientas 

permitirá lograr un impacto 

importante al reducir los 

tiempos de espera y prevenir la 

saturación de las instalaciones 

de salud. 
 

El instalar el dispositivo en 

diferentes sitios públicos 

ampliará el acceso a los 

servicios de salud.  
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Introduction 

 

Currently, the issue of logistics and the 

involvement of technology for the delivery of 

products in different sectors is booming, so it 

would be of great relevance to consider the 

health sector as a priority. Although some 

initiatives have been carried out, as in [1] that 

describes a project where a system for delivering 

medicines to patients is implemented, however, 

this modality presented inconveniences related 

to the user's own factors. 

 

The project arose from the need to 

address the current problem in the health sector 

of improving the efficiency of patient care 

services. In Mexico, studies have been carried 

out to analyse the quality of services in public 

health institutions, with the result that one of the 

factors with the greatest impact on patient 

satisfaction was the quality of service in the 

delivery of medicines [2], which was the 

appropriate incentive to start working on the 

development of a self-service device for the 

delivery of medicines. 

 

Therefore, we worked on the 

development of a device capable of delivering 

medication as its main function, considering the 

basic chart ‘273 considered essential by the 

World Health Organization [3]’ from the 

issuance of a prescription by a health institution. 

 

Methodology 

 

The process for the development of the device 

was divided into three stages: electronics and 

programming, mechanical design, and the 

manufacture and integration of the device. 

Below is a description of the stages 

corresponding to the development of the project. 

 

First stage. Electronics and programming 

 

This stage considers the development of the 

barcode reading system and the graphic interface 

to interact with the user. 

 

Barcode system for medical prescriptions. 

 

This system is developed using electronic 

elements and a laser scanner to read the barcode 

on the medical prescription. This system was 

developed in a previous work:  

‘Barcode system applied to medical 

prescriptions’ with a digital identifier DOI: 

10.35429/EJDRC.2023.17.9.27.31. 

 

Graphical user interface 

 

To complement the barcode reading system, it 

was necessary to design and program the 

graphical user interface (Figure 1) for the 

processing and visualisation of the information 

corresponding to the medicines indicated by the 

specialist in the medical prescriptions. 

 

Box 1 
 

 
 

Figure 1 

Graphical user interface 

 Source: Own elaboration [LabVIEW] 

 

Second stage. Mechanical design 

 

For the execution of the second stage, it was 

necessary to contemplate the basic elements of 

the mechanical structure and the layout of the 

components for the generation of the design 

using specialised CAD (Computer Aided 

Design) software, in order to have a digital 

model prior to the materialisation of the device 

(Figure 2).  
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Box 2 
 

 
 

Figure 2 

CAD design of the digital model. 

Source: Own elaboration [SolidWorks]. 

 

Third stage. Manufacture and integration of the 

device. 

 

In this stage, the structure, mechanisms and the 

layout of the elements are manufactured taking 

the previously generated design or digital model 

of the device as a reference. In addition, the first 

option considered was to use the spiral type 

mechanism of a conventional vending machine, 

however, it was analysed that it was not 

convenient due to its unreliability, so it was 

decided to change the mechanism for a side bar 

mechanism (rack and pinion) achieving a better 

performance. Figure 3 shows the structure of the 

finished device. 

 

Box 3 
 

 
 

Figure 3 

Structure and mechanisms of the device. 

 Source: Own elaboration. 

Finally, the integration is carried out, 

which considers the barcode reading system, the 

graphical user interface and the mechanical 

structure that make up the automated medicine 

dispensing device (Figure 4). 

 

Box 4 
 

 
 

Figure 4 

Automatic medicine dispensing device 

Source: Own elaboration 

 

Results 

 

This section presents the results obtained from a 

representative example of medical prescriptions 

with symbolic information on patients and their 

diagnosis. As part of the tests in the development 

of the project, Figure 5 shows the medical 

prescription generated for a patient, who is 

prescribed different medicines to treat his 

diagnosis. Subsequently, the operation of the 

automatic medicine dispenser is shown, with the 

associated barcode having to be scanned to read 

and correctly identify the information (Figure 6) 

and the corresponding delivery of the medicines 

indicated in the prescription (Figure 7). 

 

Box 5 
 

 
 

Figure 5 

Medical prescription with identifier 

Source: Own elaboration [Excel] 
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Box 6 
 

 
 

Figure 6 

Result of the information identified in the graphic 

interface 

Source: Own elaboration. 

 

Box 7 
 

 
 

Figure 7 

Medicines delivered 

Source: Own elaboration 
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Conclusions 

 

The present project was developed from the 

interaction of different areas of application and 

important contributions allowing the 

achievement of the expected results. In order to 

validate the functioning of the automatic 

medicine dispensing device, it was necessary to 

carry out a series of tests that allowed it to be 

adapted to the user's own needs. When testing 

the functioning of the prototype, some 

adjustments were made to the mechanisms to 

adapt them to the dimensions of the medicines 

and the layout of the elements in the graphic 

interface was optimised for better visualisation. 

In addition, it was essential to add barcode 

scanner technology, which allowed for the 

correct identification of medicines and in turn 

reduced errors and user service times. 

 

Although the project was completed, 

there are challenges to overcome in 

implementing the system, including the 

integration of an electronic seal validated by the 

corresponding health institution to guarantee the 

authenticity of the medical prescription, which is 

essential for linking to the device.  

 

Coordination with specialists in the 

sector for the adoption of the system will allow 

patients to have their prescription generated 

when they are seen at the medical unit they 

attend, which will allow them to exchange their 

medication. In addition, to manage its 

formalisation before the competent authorities 

for its scaling up and implementation as part of 

a network of devices installed in different 

strategic points of the city for user access.  

 

Therefore, this project has a promising 

future, as the contributions and benefits to the 

health sector will be important, resulting in an 

improvement in patient care services. 
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Abstract 
 

Electrochemistry is part of the teaching of several subjects in the educational programs at the 

Technological University of Chihuahua, aware of the importance of developing environments for 

teaching, experimentation and understanding the general principles of the discipline, a project is 

developed with the aim of integrating a chrome plating module into a didactic laboratory 

prototype that simulates the industrial electrodeposition process, where students can directly 

observe the process, strengthening the teaching and meaningful learning of the principles of 

electrochemistry in a practical and safe environment. Likewise, having this prototype encourages 

research and collaboration with companies that require electrodeposition treatments. 

 

 
 

Electrodeposition, Chrome plating, Corrosion  

Resumen 
 

La electroquímica forma parte de la enseñanza de varias asignaturas en los programas educativos 

de la Universidad Tecnológica de Chihuahua, conscientes de la importancia de desarrollar 

entornos para la enseñanza, experimentación y comprensión de los principios generales de la 

disciplina, se desarrolla un proyecto que tiene el objetivo de integrar un módulo de cromado a un 

prototipo didáctico de laboratorio que simule el proceso industrial de electrodeposición, donde 

los estudiantes puedan observar de manera directa el proceso, fortaleciendo la enseñanza y el 

aprendizaje significativo de los principios de la electroquímica en un entorno práctico y seguro. 

Así mismo al contar con este prototipo, se propicia la investigación y vinculación con las 

empresas que requieran tratamientos de electrodeposición. 
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Introduction 

 

Electrochemistry is the branch of chemistry that 

studies processes in which there is a conversion 

of chemical energy into electrical energy or vice 

versa. When electricity is used to induce a non-

spontaneous chemical reaction, it is known as 

electrolysis. 

 

Electrochemical processes include 

battery construction, metal corrosion and 

electrolytic coatings, the latter of which have 

historically been used for decorative purposes 

and in the 13th century BC materials were 

already being coated with gold and silver. 

However, it was not until the 19th century that 

the current industrial technique was developed, 

diversifying its applications and uses. 

 

Electroplating is one of the most widely 

used techniques in electrolytic coatings. It 

consists of covering materials with thin layers of 

a metal such as nickel, copper, zinc or chromium 

in order to improve their appearance, prevent 

wear, protect the materials from corrosion and 

prolong their useful life. 

 

Chromium, in the form of a metallic 

coating, is a material widely used in the 

protection of parts to improve the surface 

properties of different automotive, aeronautical 

and industrial components that are subjected to 

highly corrosive environments and exposed to 

high mechanical stresses. 

 

The principle of electroplating is mainly 

based on Faraday's two laws, which state the 

following: 

 

- The mass content of the deposited metal is 

directly proportional to the amount of 

electricity transferred. 

 

- For the same amount of current, the 

amount of mass deposited on the substrate 

is proportional to the electrochemical 

valence of the metal used.  

 

According to Artavia (2008), chromium 

electrodeposition is carried out in an electrolytic 

cell containing a liquid substance called 

electrolyte, which allows conduction from the 

anode to the cathode. 

 

 

An electric current is used to remove 

positive particles from the metal (anode) which 

pass through the electrolyte and are deposited on 

the part to be plated (cathode) which is 

megatonally charged. In the electrochemical 

bath, the chromium and the electrodeposit part 

are deposited, the metal ions move from the 

surface of the anode to the cathode where they 

are deposited uniformly. 

 

The main elements of the electrolytic cell 

are: the electrolytic bath, an anode, a cathode and 

a source of electrical energy. (Zapata Gordon, 

Tristancho Reyes, & Almeraya Calderon, 2020). 

 

Box 1 
 

 
 

Figure 1 

Electrolytic cell 

 

Source: Own elaboration 

 

Based on the thicknesses achieved, 

metallic chromium coatings can be classified 

into two main categories: decorative chromium 

and hard chromium: 

 

- Decorative chrome is mainly applied to 

improve aesthetic appearance and provide 

moderate corrosion resistance. 

 

- Hard chrome is used to increase the wear 

resistance, surface hardness and durability 

of components in industrial applications. 

 

For Saman & Frank C. (2021) some of 

the most common industrial applications include 

the automotive industry: with decorative chrome 

coatings on trim and other components to 

improve aesthetic appearance and corrosion 

resistance. 
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Hard chrome is used on parts such as 

pistons and compression rings to improve wear 

resistance. In the aerospace industry, on the 

other hand, hard chrome is used in critical 

components such as landing gear, bearings and 

gears, where high wear resistance and low 

friction are essential. 

 

The design and integration of this 

module is to simulate the process carried out 

industrially in a laboratory for educational and 

research purposes. 

 

The module is characterised by its 

simplicity, safety and versatility: 

 

- Simplicity: The design is simple and easy 

to use, making it accessible to students and 

teachers of different levels of experience. 

 

- Safety: It complies with safety standards 

for handling electrical equipment and 

chemical solutions. 

 

- Versatility: It can be used to teach different 

aspects of electroplating, such as the 

electroplating of different metals, the 

application of different coatings and 

process optimisation. 

 

The problem that this project seeks to 

solve is the difficulty students have in 

understanding the principles of electroplating 

through traditional teaching methods. The 

central hypothesis of the project is that the 

integration of an electrolytic module into a 

didactic prototype for the application of 

chromium plating allows students to improve 

their understanding of the theoretical concepts of 

electroplating through practical and 

experimental learning. 

 

Methodology 

 

The methodology consists of the research 

design, followed by the incorporation of the 

chrome plating module and integration of the 

electrolytic cells. The last stages are the 

experimental tests for the correct operation of 

the module and the development of laboratory 

practices for the students of the different careers. 

Figure 2 shows the stages of the research 

methodology: 

 

 

 

Box 2 
 

 
 

Figure 2 

Methodology 

 

Source: Own elaboration 

 

Development of electrolytic chrome plating 

module 

 

The criteria for the design of the electrolytic 

module for its construction and integration into 

the didactic prototype of the Laboratory for the 

application of chromium plating at the 

Technological University of Chihuahua are 

based on simplicity in the use of the equipment, 

trying to represent as faithfully as possible the 

process as it is carried out industrially. 

 

The module is built to scale to facilitate 

its handling, and is designed taking into account 

theoretical knowledge, visits to the Regional 

Centre for Optimisation and Development of 

Equipment (CRODE) and the experience of 

professionals close to the field. For its 

construction, low-cost and easy-to-acquire 

materials are sought. The components required 

for the module are 

 

- Electrolytic cells 

 

- Variable current source 

 

- Multimeters 

 

- Thermometer 

 

- Electrical connections 

 

- Electrodes 

 

- Anodes 
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Electrolytic Cells. - An electrolytic cell is 

a vat where the metallic coating is made with 

some material such as copper, nickel or 

chromium, it is the one that contains the different 

electrolytic baths. The material used to build the 

cells is fibreglass, with a polyvinyl chloride 

(PVC) coating, as it is very resistant to the 

solutions used and can withstand temperatures of 

up to 60°C. 

 

The cells are designed with a volume of 

approximately 20 litres. Each cell must have 

accessories for the operation of the process, such 

as a drain to remove the chemical, a 

polycarbonate alert holder, a file cabinet for 

recording the process, a support for the 

thermometer, a water intake to fill the vat, a 

support for holding parts and an outlet for 

connection to the heater. The cell where the 

chrome plating is performed is polarised through 

the voltage module for the electrical processing 

of the material. 

 

Figure 3 shows the design of the module 

with the tanks and cells on a scale of 1:20. 

 

Box 3 
 

 
 

Figure 3 

Module structure 

 

Source: Own elaboration 

 

Current source. - A low-voltage direct 

current source is needed, i.e. producing 6V for 

copper and nickel plating, up to 12V for chrome 

plating. On the other hand, a relatively high 

amperage or amount of current is required. 

When depositing, the control of the amount of 

current is critical, therefore, in addition to the 

current source, a device is needed to regulate the 

amount of current or amperage flowing through. 

Multimeter. - Multimeters are required to 

measure the voltage and current required for the 

process. 

 

 

Thermometer. - The thermometer is also 

indispensable to measure the temperature of the 

electrolyte and the process in general, as a heater 

will be used to raise the temperature and, 

consequently, decrease the time required for the 

process. 

 

Electrical connections. - For all electrical 

connections, conventional copper cable of 1.6 

mm diameter is used, which is sufficient to carry 

the amount of current of the system without 

suffering overheating of any kind. 

 

Electrodes. - The electrode rods for 

chrome plating should be 2.4 mm diameter lead 

or carbon, these rods are placed directly on top 

of the cells, while the joints between the 

electrodes and the rods are made with metal 

press fasteners tied with a small piece of copper 

wire. 

 

Anodes. - The anodes are distributed on 

both sides of the cathodes in bags of a polymer 

resistant to the established operating conditions, 

at equal distances to favour the uniformity of the 

electrodeposit. They are attached to the anode 

rods by inserting the anode rods between the 

holes in the anode bag. 

 

Development of the process steps 

 

The stages involved in the process for plating to 

chrome are as follows: 

 

1. Pre-degreasing. - Pre-degreasing uses an 

alkaline cleaning solution, which is useful 

for removing dirt, grease and oil from the 

parts to be coated. 

 

2. Rinsing - The rinses are in the cells that 

have water, where the parts are immersed 

for 1 to 2 minutes to eliminate residues of 

the solutions used. 

 

3. Electrolytic degreasing. - This is done 

with caustic soda to eliminate impurities 

and activate the adherence of the material. 

 

4. Activation. - In this cell, the parts are 

immersed for one minute in sulphuric acid 

to neutralise the alkaline surface and 

activate it. 
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5. Nickel plating. - In this stage the part is 

immersed in the nickel at a temperature of 

35°C and the current calculated for the 

desired thickness based on the area of the 

part is applied. 
 

6. Chrome plating. - Finally, the part is 

immersed in the chromium bath at a 

temperature of 50°C and the current 

calculated on the basis of the area of the 

part is applied and left for 1 to 2 minutes. 

 

7. Rinsing. - The part is rinsed in water to 

remove the impurities of the solutions used 

in the coating. 

 

8. Inspection and final finishing. - The 

chrome-plated object is inspected to 

ensure that the plating is uniform and of 

high quality. Additional polishing may be 

performed to achieve the desired 

brightness. 

 

Process parameters for chrome plating baths 

 

For proper plating, the following parameters 

must be set and controlled to ensure a uniform 

and high quality plating. 

 

- Temperature. - A temperature of 40 to 

60°C is recommended to maintain a good 

conductivity of the solution and therefore 

a good speed of chromium plating. 

 

- pH. - The best working results are obtained 

at pH between 4.0 - 4.5, being within this 

range when the best levelling and 

brightness is obtained. 

 

- Current density: The current density 

applied during the chrome plating process 

typically ranges between 2 and 10 amps 

per square decimetre (A/dm²). 

 

- Agitation. - Agitation of the bath can be 

mechanical or by air bubbling, which helps 

to maintain an even distribution of the 

chromium ions and improves the quality of 

the plating. The recommended values are 

3 - 6 lt/min/dm2for air agitation, which in 

the bath will be done by a tank pump. 

 

 

 

 

The interaction of these variables has a 

direct effect on the coating process of any 

material, which is why their operating range 

must be controlled by means of good 

instrumentation. 

 

Formulation and preparation of electrolytic 

baths 

 

The electrolytic bath for chromium, also known 

as chromium plating, is a specific chemical 

solution that allows the deposition of chromium 

on a metal surface by means of an 

electrochemical process. The main components 

of the chromium plating bath are as follows: 
 

Box 4 
 

Table 1 

Chrome bath formulation 

 

Reagent Concentration (g/L) 

Chromic acid (H2CrO3) 300-400 

Sulphuric acid (H2SO4) 2.5-3.5 

 

Source: Own elaboration 

 

1. Chromic acid (CrO₃) 

 

The main source of chromium ions in the 

bath. 

 

2. Sulphuric acid (H₂SO₄) 

 

Acts as a catalyst and stabiliser in the 

bath. 

 

There are also additional components 

such as additives that serve to improve the 

conductivity of the bath, such as sodium sulphate 

(Na₂SO₄) and catalysts that improve the gloss 

and uniformity of the coating. 

 

Results 

 

The results of the present article are: 

 

Tangibles 

 

- Chromium plating module. 

 

- Laboratory practices. 

 

- Research and links with companies. 

 

 

 

https://doi.org/10.35429/JTP.2024.10.25.5.7


6 
Journal of Technological Prototypes                                                               10[25]1-7: e51025107 

Article 

 

 

ISSN: 2444-4995 

RENIECYT-CONAHCYT: 1702902 
ECORFAN® All rights reserved. 
 

Campos-Quiroz, María Magdalena, García-Rascón, Araly and Frías-

Gutierréz, Edgar. [2024]. Integration of electrolytic module into didactic 

prototype for application of chrome coating. Journal of Technological 
Prototypes. 10[25]-1-7: e51025107.  

DOI: https://doi.org/10.35429/JTP.2024.10.25.5.7  

Intangibles 

 

- Meaningful learning in students 

 

Conclusions 

 

At present, the application and development of 

techniques for electrolytic coatings in didactic 

modules allows laboratory practices to be carried 

out, strengthening meaningful learning in 

students and contextualising theoretical 

knowledge with productive industrial processes. 

The electrolytic coating of parts and components 

is very useful for preventing corrosion in metal 

parts, giving them a decorative finish, and 

making the manufacture of higher quality 

products more efficient. 

 

The application and use of this prototype 

has an impact on the improvement of laboratory 

practices, which contribute to the simulation of 

real industrial environments. Using this type of 

process, students apply electrolytic coatings in 

order to prevent wear and deterioration of parts 

in corrosive environments. 

 

Furthermore, the current industry 

understands the importance and values the 

linking of the educational sector for the 

collaboration of the improvement of its 

processes through the use of environments 

similar to those used in the company, placing the 

student in situations similar to the real ones. 
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Abstract 
 

Solar energy is the main source of life on the planet; directs the biophysical, 

geophysical and chemical cycles that maintain life on earth. The sun supplies us 

with food through photosynthesis. Likewise, solar energy is used for the generation 

of electrical energy. The solar radiation that incident on the earth can be actively 

used, through the implementation of photovoltaic modules or cells. The present 

investigation shows the different electrical variables of these modules 

interconnected to the Higher Technological Institute of Huatusco (TSH) electrical 

network. 

 

 

 

Solar, Energía, Electricidad 

Resumen 
 

La energía solar es la fuente principal de vida en el planeta; dirige los ciclos 

biofísicos, geofísicos y químicos que mantienen la vida en la tierra. El sol nos 

suministra alimentos mediante la fotosíntesis. Asimismo, la energía solar es 

utilizada para la generación de energía eléctrica La radiación solar que incidente en 

la tierra puede aprovecharse activamente, a través de la implementación de módulos 

o celdas fotovoltaicas. La presente investigación muestra las diferentes variables 

eléctricas de estos módulos interconectados a la red eléctrica del Instituto 

Tecnológico Superior de Huatusco  (TSH).     
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Introduction 

 

Photovoltaic solar energy is defined as the 

process of obtaining electrical energy through 

photovoltaic panels. Photovoltaic modules or 

collectors are made up of diode-type 

semiconductor devices, which upon receiving 

solar radiation, through a chemical process, 

cause the electrons in the modules to be excited, 

causing electronic jumps; this is known as the 

photoelectric effect; when this phenomenon 

occurs, a potential difference is generated at the 

ends of the conductors. The result obtained is a 

continuous electrical voltage that can be used 

and transformed into an alternating voltage and 

thus be injected into the electrical grid or into an 

interconnected system.  (Sánchez, 2011) 

 

The electrical energy used by the Higher 

Technological Institute of Huatusco (ITSH) 

comes from the Federal Electricity Commission 

(CFE). 

 

Development 

 

Currently in the Higher Technological Institute 

of Huatusco (ITSH), approximately 108,234 

MWh are consumed per year, which generates a 

high billing cost. With the installation of 

modules, a part of the MWh consumed can be 

generated and the remainder returned to the 

Federal Electricity Commission (CFE) electrical 

network in order to obtain the benefit of reducing 

the cost of the bill. 

 

Installations connected to the electrical 

network 

 

They are installations in which the energy 

generated by the photovoltaic field is delivered 

directly to the distribution network. This type of 

installation does not have batteries or regulators, 

only the photovoltaic elements and the inverter. 

For the latter, a system for measuring the energy 

consumed and delivered must be available, 

which must be capable of interrupting or 

resuming the supply depending on the field 

status of the module and adapting the alternating 

voltage produced in the inverter to the phase of 

grid energy. 

 

 

 

 

 

 

Photovoltaic module 

 

The main function of the photovoltaic module is 

to capture and convert solar radiation into 

electrical voltage; it can be connected in series 

or parallel. When connected in series, the total 

voltage will be the sum of the individual voltages 

of each of the modules. The output voltage will 

be equal to the voltage of a module. When 

connected in parallel, the total voltage will be the 

same as that of a single module. Therefore, the 

number of modules connected in series 

determines the voltage, and the number of 

modules in parallel determines the current that 

can be supplied to a load. 

 

Investor 

 

It is responsible for converting the continuous 

voltage produced by the photovoltaic generator 

to the electrical characteristics required by the 

loads to be powered. 

 

Circuit protection elements 

 

They are elements such as blocking diodes, 

disconnection switches, thermal magnet 

switches; placed between different parts of the 

system, to protect the equipment in the event of 

failure or overload situations.  

 

Methodology to use 

 

To determine the calculation of the number of 

modules that will be needed, it is necessary to 

know the consumption load in KWh; Because it 

is a High Demand Medium Voltage Hourly Rate 

(GDMTH), the report is made monthly; which 

allows an annual average to be obtained, as 

shown in the following table 1. 

 

Box 1 
Table 1 

Consumo annual en KWh 

 
Month Consumo total KWh 

January 6,831 

February 7,757 

March 9,087 

April 7,473 

May 9,928 

June 11,905 

July 7,604 

August 9,848 

September 11,562 

October 9,775 

November 8,378 

December 8,086 

Total  108,234 

 

Source: Own elaboration 
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The photovoltaic systems analysis 

software (PVSyst) is used to perform the 

calculation. The module with which the study 

was carried out corresponds to the 385 W, with 

PERC technology, monocrystalline cell, 

JAM72S09 375-395/PR series, powered by high 

efficiency PERCIUM cells (Ramos, 2024). 

 

Once the readings have been taken, the 

monthly average consumption is taken, which 

gives us a value of 9,019.5 KWh. With this data, 

the calculation of the number of modules that are 

going to be used to produce this load is carried 

out. 

 

Radiation data by month, year and day 

will be obtained as a reference from the city of 

Huatusco, Veracruz, Mexico, using the 

photovoltaic systems analysis software (PVSyst) 

shown in figure 1. 

 

The average monthly load is divided by 

the 30 days of the month, obtaining an amount 

of 300.65 KWh. This load is divided by the peak 

solar hour obtained, resulting in the following: 

 

  Power in kWh of required consumption 

(PFV).  
 

𝑃𝐹𝑉 =
300.65 𝐾𝑊ℎ

5.79 ℎ
 

= 51.9257 𝐾𝑊ℎ                                             

[1] 
 

 

Box 2 
 

 
 

Figure 1 

Project data inserted in Software PVSyst 

Source: Own elaboration 

 

 The calculation of the number of panels 

to cover the demand of 8.3466 KWh per day is 

made from the following equation: 

 

No. of preliminary panels (N.P.P). 

 

 

𝑁. 𝑃. 𝑃

=
𝑃𝑜𝑤𝑒𝑟 𝐹𝑉 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 

𝑃𝑎𝑛𝑒𝑙 𝑝𝑜𝑤𝑒𝑟
𝑥1000 

 

𝑁. 𝑃. 𝑃 =
51.9257 𝐾𝑊ℎ

385 𝑊
1000 

 

 

 

𝑁. 𝑃. 𝑃 = 0.13498 𝑥 1000 
 
 

 N. P. P = 134.98 panels  

[2] 
 

 

 Nevertheless, factors that reduce the 

production capacity of the system are considered 

such as: cloudy days, inverter efficiency, 

ambient temperature and panel efficiency; It is 

advisable to increase an extra 20%, so this factor 

must be multiplied having the number of panels 

specified 

 
𝑁. 𝑃 = 𝑁. 𝑃. 𝑃 = (134.98)(120 %) 

≈ 161.97162 𝑝𝑎𝑛𝑒𝑙𝑠 
[3] 

 

 

 Once the number of panels has been 

specified, the inverter capacity calculation is 

carried out. 

 

  

𝐼𝑛𝑣𝑒𝑟𝑡𝑒𝑟 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 = 
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑑𝑒𝑎𝑙 𝑝𝑎𝑛𝑒𝑙𝑠 𝑥 𝑝𝑎𝑛𝑒𝑙 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦  
 

𝐼𝑛𝑣𝑒𝑟𝑡𝑒𝑟 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 = 
 

162 𝑝𝑎𝑛𝑒𝑙𝑒𝑠 𝑥 385 𝑊 = 62.37 𝐾𝑊 

 
 

[4] 
 

 

 According to equation (4), the inverter to 

be used is the Sunny tripower core1-us brand. 

  

 With the inverter, the number of panels 

to be installed per chain is calculated. 

 

𝑃𝑎𝑛𝑒𝑙𝑠 𝑝𝑒𝑟 𝑐ℎ𝑎𝑖𝑛 =
162 𝑝𝑎𝑛𝑒𝑙𝑠

18 𝑐ℎ𝑎𝑖𝑛𝑠
= 

 

= 9 𝑃𝑎𝑛𝑒𝑙𝑠 

[5] 
 

 

 The structure to be used to place the 

panels is from the Everest brand due to its simple 

installation and flexibility; The system 

corresponds to the CrossRail Tilt-Up rail system. 

The size of the structure can be calculated as 

follows: 

https://doi.org/
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𝑁𝑜. 𝑑𝑒 𝑟𝑎𝑖𝑙𝑠 = 𝑁𝑜. 𝑝𝑎𝑛𝑒𝑙𝑠 𝑥 1.3 [6] 

 

 Approximately 4 panels the size of one 

meter wide by two meters high are placed, so 

multiplying gives us a value of: 

 

𝑁𝑜. 𝑑𝑒 𝑟𝑎𝑖𝑙𝑠 = 4 𝑥 1.3 = 5.2 𝑟𝑎𝑖𝑙𝑠 [7] 

 

 You need 5 complete rails of 4.22 cm in 

length and an extra section of 84 cm of rail. Two 

complete rails will be used that will be in the 

east-west position, leaving 22 cm for the 

midclamps and enclamps. 

 

Results 

 

Analysis en the photovoltaic systems software 

(PVSyst) PVSyst V7.4.5 

 

Figure 2 shows data and geographical 

coordinates of the place where the project was 

carried out (Sofware, 2024). 

 

Box 3 
 

 
 

Figure 2 

Project data inserted in Software PVSyst 

Source: Own elaboration 

 

 Figure 3 shows that the energy produced 

throughout the year is: 113712 KWh/year; This 

amount is divided by the 365 days of the year 

which results in: 

 
113712 𝐾𝑊ℎ/𝑎ñ𝑜

365 𝑑𝑎𝑦𝑠/𝑦𝑒𝑎𝑟
= 311.53 𝐾𝑊ℎ 𝑎𝑙 𝑑í𝑎 

[8] 
 

 

Box 4 
 

 
 

Figure 3 

KWh/year data obtained with Software PVsyst  

Source: Own elaboration 

 

 

 

 

 

Analyzing the data of 311.53 KWh/day 

and knowing that the calculated load was 300.65 

KWh/day, the software simulation is used and it 

is determined that the excess energy is 10.88 

KWh. Which will be supplied to the Federal 

Electricity Commission (CFE) electrical 

network. Figure 4 shows that the area calculated 

for the installation is 292 m²; It also gives us a 

total of 162 panels, which is the same data 

obtained from equation (3) (Sofware, 2024). 

 

Box 5 
 

 
 

Figure 4 

Area data obtained with Software PVSyst 

Source: Own elaboration 

 

In figure 5, it is observed that the 

inclination for better use of radiation is 30 

degrees since a 0.999 is generated. 

 

Box 6 
 

 
 

Figure 5 

Tilt data obtained with Software PVSyst 

Source: Own elaboration 

 

Figure 6 shows that in the month of 

December, together with January, there is less 

radiation, this is due to the rotation of the planet 

and its approach to the sun in the winter season, 

while the best peaks of energy use are They 

occur in March, April and May. 
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Box 7 

 
 

Figure 6 

Radiation data obtained with Software PVSyst 

Source: Own elaboration 

 

In figure 7, the peak solar hours per 

month are observed, where the month with the 

highest radiation is May with 210.3 KWh/m², in 

total we have an annual radiation of 2114.3 

KWh/m². 

 

Box 8 
 

 
 

Figure 7 

Solar hour data obtained with Software PVSyst 
Source: Own elaboration 

 

Figure 8 shows the use as well as the 

losses of the photovoltaic system, with an 

efficiency of 19.44% of the solar panel; taking 

into consideration that the real efficiency is 16 to 

30%, which is observed in the technical sheet.  

(Software, 2024). 

  

Box 9 
 

 
 

Figure 8 

Efficiency data obtained with Software PVSyst  

Source: Own elaboration 

 

Contributions  

 

Moisés Molina García carried out the 

calculation and sizing of the photovoltaic 

system.  

 

Francisco J. Fuentes Ramos carried out the 

analysis and feasibility study of the system 

interconnected to the institution's electrical 

network. 

 

Jonathan Diaz Cogco collected the data to be 

able to perform the calculations.  

 

César L. Melchor Hernández carried out the 

structure, data review, analysis and study of the 

research documented for publication. 

 

To the Electromechanical Engineering division, 

of the Higher Technological Institute of 

Huatusco (ITSH), for the facilities granted. 

 

Conclusions 

 

Analyzing the data obtained analytically and, 

through the use of software, it can be said that 

the system does comply with what is specified in 

terms of the load to be supplied since it has 

3.61% more than what is needed. 

 

The last report generated in the 

photovoltaic systems analysis software (PVSyst) 

is from February 2024, the variations may 

change but minimally.  

 

 The data used for this research is 

available in the material resources area. The 

materials to be used will be installed in stage 2 

of the research project, depending on the 

institutional budget.  

 

This article shows the first stage of the 

project to install photovoltaic modules at ITSH. 

 

References 

 

Basic 

 

Ramos, F. J. (13 de 03 de 2024). Modelado de 

sistemas solares. (M. M. García, Entrevistador)

  
 

 

 

 

 

https://doi.org/


6 
Journal of Technological Prototypes                                                               10[25]1-6: e61025106 

Article 

  

 

ISSN: 2444-4995 

RENIECYT-CONAHCYT: 1702902 
ECORFAN® All rights reserved. 
 

Fuentes-Ramos, Francisco Javier, Molina-García, Moisés, Diaz-Cogco, Jonathan and 

Melchor-Hernández, Cesar Leonardo. [2024]. Analysis of installation of photovoltaic 

panels interconnected to the electrical grid at the Instituto Tecnologico Superior de 

Huatusco. Journal of Technological Prototypes. 10[25]-1-6: e61025106. 

DOI: https://doi.org/10.35429/JTP.2024.10.25.6.6 

Differences 

 

Sánchez, D. A. (2011). Libro Interactivo sobre 

energía solar y sus aplicaciones. Pereira: 

Universidad Tecnológica de Pereira [On line]. 

ISSN: 2344-7214. 

 

Supports  

 

Software, P. (. (27 de 02 de 2024). PVSYST.  

 

https://doi.org/
https://repositorio.utp.edu.co/server/api/core/bitstreams/29243269-1d0b-4c34-8c23-b3229dbdc19a/content
https://repositorio.utp.edu.co/server/api/core/bitstreams/29243269-1d0b-4c34-8c23-b3229dbdc19a/content
https://www.pvsyst.com/development-projects/


 

Journal of Technological Prototypes              Month, Year Vol.1 No.1 1-15-[Using ECORFAN] 

Article 

    

 

[Title in TNRoman and Bold No. 14 in English and Spanish] 
 

Surname, Name 1st Author*a, Surname, Name 1st Co-authorb, Surname, Name 2nd Co-authorc and 

Surname, Name 3rd Co-authord [No.12 TNRoman] 
 
a  Affiliation institution,  Researcher ID,  ORC ID, SNI-CONAHCYT ID or CVU PNPC [No.10 TNRoman] 
b  Affiliation institution,  Researcher ID,  ORC ID, SNI-CONAHCYT ID or CVU PNPC [No.10 TNRoman] 
c  Affiliation institution,  Researcher ID,  ORC ID, SNI-CONAHCYT ID or CVU PNPC [No.10 TNRoman] 
d  Affiliation institution,  Researcher ID,  ORC ID, SNI-CONAHCYT ID or CVU PNPC [No.10 TNRoman] 

 

All ROR-Clarivate-ORCID and CONAHCYT profiles must be hyperlinked to your website. 
Prot- 

   University of South Australia •  7038-2013•  0000-0001-6442-4409 •  416112 

 

CONAHCYT classification:  
https://marvid.org/research_areas.php      [No.10 TNRoman] 

Area: 

Field: 

Discipline: 

Subdiscipline: 

DOI: https://doi.org/ 
Article History: 

Received: [Use Only ECORFAN] 

Accepted: [Use Only ECORFAN] 

Contact e-mail address: 

*  [example@example.org]

Abstract [In English]                   

Must contain up to 150 words 
Graphical abstract [In English] 

 

 
 

Authors must provide an original image that clearly represents 

the article described in the article. Graphical abstracts should be 

submitted as a separate file. Please note that, as well as each 

article must be unique. File type: the file types are MS Office 

files.No additional text, outline or synopsis should be included. 

Any text or captions must be part of the image file. Do not use 

unnecessary white space or a "graphic abstract" header within 

the image file. 

 

Keywords [In English] 

Indicate 3 keywords in TNRoman and Bold No. 10 

Abstract [In Spanish]  

Must contain up to 150 words 
Graphical abstract [In Spanish] 

 

 
 

Authors must provide an original image that clearly represents 

the article described in the article. Graphical abstracts should be 

submitted as a separate file. Please note that, as well as each 

article must be unique. File type: the file types are MS Office 

files.No additional text, outline or synopsis should be included. 

Any text or captions must be part of the image file. Do not use 

unnecessary white space or a "graphic abstract" header within 

the image file. 

 

Keywords [In Spanish] 

Indicate 3 keywords in TNRoman and Bold No. 10

 

Citation: Surname, Name 1st Author, Surname, Name 1st Co-author, Surname, Name 2nd Co-author and Surname, Name 3rd 

Co-author. Article Title. Journal of Technological Prototypes. Year. V-N: Pages [TN Roman No.10]. 
 

 

 

 

 

 

 
 

 

ISSN 2444-4995/ © 2009 The Author[s]. Published by ECORFAN-Mexico, S.C. for its 

Holding Spain on behalf of Journal of Technological Prototypes. This is an open access 

article under the CC BY-NC-ND license [http://creativecommons.org/licenses/by-nc-
nd/4.0/] 

 

Peer Review under the responsibility of the Scientific Committee MARVID
®

- in 

contribution to the scientific, technological and innovation Peer Review Process by training 

Human Resources for the continuity in the Critical Analysis of International Research. 

 

https://ror.org/registry/
https://clarivate.com/products/scientific-and-academic-research/research-discovery-and-workflow-solutions/researcher-profiles/
https://orcid.org/register
https://miic.conacyt.mx/generador-view-angular/index.html?application=CVU#/seleccionaTipoCuenta
https://ror.org/01p93h210
https://www.webofscience.com/wos/author/record/1125517
https://orcid.org/0000-0001-6442-4409
https://marvid.org/research_areas.php
https://doi.org/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.marvid.org/


 

Journal of Technological Prototypes              Month, Year Vol.1 No.1 1-15-[Using ECORFAN] 

Article 

    

  
ISSN 2444-4995 

RENIECYT-CONAHCYT: 1702902 

ECORFAN® All rights reserved. 

 

Surname, Name 1st Author, Surname, Name 1st Co-author, Surname, 

Name 2nd Co-author and Surname, Name 3rd Co-author. Article Title. 

Journal of Technological Prototypes. Year. V-N: Pages [Times New 

Roman No. 8] 

Introduction 

 

Text in TNRoman No.12, single space. 

 

General explanation of the subject and explain 

why it is important. 

 

What is your added value with respect to other 

techniques? 

 

Clearly focus each of its features. 

 

Clearly explain the problem to be solved and 

the central hypothesis. 

 

Explanation of sections Article. 

 

Development of headings and subheadings of 

the article with subsequent numbers 

 

[Title No.12 in TNRoman, single spaced and 

bold] 

 

Products in development No.12 TNRoman, 

single spaced. 

 

Including figures and tables-Editable 

 

In the article content any table and figure 

should be editable formats that can change size, 

type and number of letter, for the purposes of 

edition, these must be high quality, not 

pixelated and should be noticeable even 

reducing image scale. 

 

[Indicating the title at the bottom with No.10 

and Times New Roman Bold] 

 

Box 
 

 
 

Figure 1 

Title [Should not be images-everything must be editable] 

      Source [in italic] 

 

 

 

Box 
Table 1 

Title [Should not be images-everything must be editable] 

 

    

    

    

    

    

 

  Source [in italic] 

 

The maximum number of Boxes is 10 items 

 

For the use of equations, noted as follows: 

 

Yij = α +  ∑ βhXhij
r
h=1 + uj + eij                   [1] 

 

Must be editable and number aligned on the 

right side. 

 

Methodology 

 

Develop give the meaning of the variables in 

linear writing and important is the comparison 

of the used criteria. 

 

Results 

 

The results shall be by section of the article. 

 

Conclusions 

 

Clearly explain the results and possibilities of 

improvement. 

 

Annexes 

 

Tables and adequate sources. 

 

The international standard is 7 pages 

minimum and 14 pages maximum. 

 

Declarations 

 

Conflict of interest 

 

The authors declare no interest conflict. They 

have no known competing financial interests or 

personal relationships that could have appeared 

to influence the article reported in this article. 

 

Author contribution 

 

Specify the contribution of each researcher in 

each of the points developed in this research. 

 

 



 

Journal of Technological Prototypes              Month, Year Vol.1 No.1 1-15-[Using ECORFAN] 

Article 

    

  
ISSN 2444-4995 

RENIECYT-CONAHCYT: 1702902 

ECORFAN® All rights reserved. 

 

Surname, Name 1st Author, Surname, Name 1st Co-author, Surname, 

Name 2nd Co-author and Surname, Name 3rd Co-author. Article Title. 

Journal of Technological Prototypes. Year. V-N: Pages [Times New 

Roman No. 8] 

Prot-  

Benoit-Pauleter, Gerard: Contributed to the 

project idea, research method and technique. 

 

Availability of data and materials 
 
Indicate the availability of the data obtained in 

this research. 
Funding 

 

Indicate if the research received some 

financing. 

 

Acknowledgements 

 

Indicate if they were financed by any 

institution, University or company. 

 

Abbreviations 

 

List abbreviations in alphabetical order. 

 

Prot- 
ANN Artificial Neural Network 

 

References 

 

Use APA system. Should not be numbered, nor 

with bullets, however if necessary numbering 

will be because reference or mention is made 

somewhere in the Article.  

 

Use the Roman alphabet, all references you 

have used should be in Roman alphabet, even if 

you have cited an article, book in any of the 

official languages of the United Nations 

[English, French, German, Chinese, Russian, 

Portuguese, Italian, Spanish, Arabic], you 

should write the reference in Roman alphabet 

and not in any of the official languages. 

 

Citations are classified the following categories: 

 

Antecedents. The citation is due to previously 

published research and orients the citing 

document within a particular scholarly area. 

 

Basics. The citation is intended to report data 

sets, methods, concepts and ideas on which the 

authors of the citing document base their work. 

 

Supports. The citing article reports similar 

results. It may also refer to similarities in 

methodology or, in some cases, to the 

reproduction of results. 

 

Differences. The citing document reports by 

means of a citation that it has obtained different 

results to those obtained in the cited document. 

This may also refer to differences in 

methodology or differences in sample sizes that 

affect the results. 

 

Discussions. The citing article cites another 

study because it is providing a more detailed 

discussion of the subject matter. 

 

The URL of the resource is activated in the DOI 

or in the title of the resource. 

 

Prot- 

Mandelbrot, B. B. [2020]. Negative dimensions 

and Hölders, multifractals and their Hölder 

spectra, and the role of lateral preasymptotics in 

science. Journal of Fourier Analysis and 

Applications Special. 409-432.  

 

Intellectual Property Requirements for 

editing: 

 

- Authentic Signature in Color of 

Originality Format Author and Coauthors. 

 

- Authentic Signature in Color of the 

Acceptance Format of Author and 

Coauthors. 

 

- Authentic Signature in blue color of the 

Conflict of Interest Format of Author and 

Co-authors. 
 

https://doi.org/10.1201/9780429332838
https://doi.org/10.1201/9780429332838
https://doi.org/10.1201/9780429332838
https://doi.org/10.1201/9780429332838
http://www.ecorfan.org/pdf/Originality%20Format-Formato%20de%20Originalidad_2.pdf
http://www.ecorfan.org/pdf/Authorization%20Form-Formato%20de%20Autorizacion_2.pdf
https://www.ecorfan.org/servicios/Formato%20de%20Conflicto%20de%20intereses,%20Cesi%C3%B3n%20de%20derechos%20y%20distribuci%C3%B3n_I.pdf


 

 

Reservation to Editorial Policy 

 

Journal of Technological Prototypes reserves the right to make editorial changes required to adapt the 

Articles to the Editorial Policy of the Journal. Once the Article is accepted in its final version, the 

Journal will send the author the proofs for review. ECORFAN® will only accept the correction of 

errata and errors or omissions arising from the editing process of the Journal, reserving in full the 

copyrights and content dissemination. No deletions, substitutions or additions that alter the formation 

of the Article will be accepted. 

 

Code of Ethics - Good Practices and Declaration of Solution to Editorial Conflicts 

  

Declaration of Originality and unpublished character of the Article, of Authors, on the obtaining 

of data and interpretation of results, Acknowledgments, Conflict of interests, Assignment of 

rights and Distribution 

 

The ECORFAN-Mexico, S.C Management claims to Authors of Articles that its content must be 

original, unpublished and of Scientific, Technological and Innovation content to be submitted for 

evaluation. 

 

The Authors signing the Article must be the same that have contributed to its conception, realization 

and development, as well as obtaining the data, interpreting the results, drafting and reviewing it. The 

Corresponding Author of the proposed Article will request the form that follows. 

 

Article title: 

 

– The sending of an Article to Journal of Technological Prototypes emanates the commitment of 

the author not to submit it simultaneously to the consideration of other series publications for it 

must complement the Format of Originality for its Article, unless it is rejected by the Arbitration 

Committee, it may be withdrawn. 

 

– None of the data presented in this article has been plagiarized or invented. The original data are 

clearly distinguished from those already published. And it is known of the test in PLAGSCAN 

if a level of plagiarism is detected Positive will not proceed to arbitrate. 

 

– References are cited on which the information contained in the Article is based, as well as 

theories and data from other previously published Articles. 

 

– The authors sign the Format of Authorization for their Article to be disseminated by means that 

ECORFAN-Mexico, S.C. In its Holding Spain considers pertinent for disclosure and diffusion 

of its Article its Rights of Work. 

 

– Consent has been obtained from those who have contributed unpublished data obtained through 

verbal or written communication, and such communication and Authorship are adequately 

identified. 

 

– The Author and Co-Authors who sign this work have participated in its planning, design and 

execution, as well as in the interpretation of the results. They also critically reviewed the paper, 

approved its final version and agreed with its publication. 

 

– No signature responsible for the work has been omitted and the criteria of Scientific 

Authorization are satisfied. 

 

– The results of this Article have been interpreted objectively. Any results contrary to the point of 

view of those who sign are exposed and discussed in the Article. 

 

  



 

 

Copyright and Access  

 

The publication of this Article supposes the transfer of the copyright to ECORFAN-Mexico, SC in its 

Holding Spain for its Journal of Technological Prototypes, which reserves the right to distribute on the 

Web the published version of the Article and the making available of the Article in This format 

supposes for its Authors the fulfilment of what is established in the Law of Science and Technology of 

the United Mexican States, regarding the obligation to allow access to the results of Scientific Research. 

 

Article Title: 

 

Name and Surnames of the Contact Author and the Coauthors Signature 

1.  

2.  

3.  

4.  

 

Principles of Ethics and Declaration of Solution to Editorial Conflicts 

 

Editor Responsibilities 

 

The Publisher undertakes to guarantee the confidentiality of the evaluation process, it may not disclose 

to the Arbitrators the identity of the Authors, nor may it reveal the identity of the Arbitrators at any 

time. 

 

The Editor assumes the responsibility to properly inform the Author of the stage of the editorial process 

in which the text is sent, as well as the resolutions of Double-Blind Review. 

 

The Editor should evaluate manuscripts and their intellectual content without distinction of race, 

gender, sexual orientation, religious beliefs, ethnicity, nationality, or the political philosophy of the 

Authors. 

 

The Editor and his editing team of ECORFAN® Holdings will not disclose any information about 

Articles submitted to anyone other than the corresponding Author. 

 

The Editor should make fair and impartial decisions and ensure a fair Double-Blind Review. 

 

Responsibilities of the Editorial Board 

 

The description of the peer review processes is made known by the Editorial Board in order that the 

Authors know what the evaluation criteria are and will always be willing to justify any controversy in 

the evaluation process. In case of Plagiarism Detection to the Article the Committee notifies the 

Authors for Violation to the Right of Scientific, Technological and Innovation Authorization. 

 

Responsibilities of the Arbitration Committee  

 

The Arbitrators undertake to notify about any unethical conduct by the Authors and to indicate all the 

information that may be reason to reject the publication of the Articles. In addition, they must 

undertake to keep confidential information related to the Articles they evaluate. 

 

Any manuscript received for your arbitration must be treated as confidential, should not be displayed or 

discussed with other experts, except with the permission of the Editor. 

 

The Arbitrators must be conducted objectively, any personal criticism of the Author is inappropriate. 

 

The Arbitrators must express their points of view with clarity and with valid arguments that contribute 

to the Scientific, Technological and Innovation of the Author. 

 



 

 

The Arbitrators should not evaluate manuscripts in which they have conflicts of interest and have been 

notified to the Editor before submitting the Article for Double-Blind Review.  

 

Responsibilities of the Authors 

 

Authors must guarantee that their articles are the product of their original work and that the data has 

been obtained ethically. 

 

Authors must ensure that they have not been previously published or that they are not considered in 

another serial publication. 

 

Authors must strictly follow the rules for the publication of Defined Articles by the Editorial Board. 

 

The authors have requested that the text in all its forms be an unethical editorial behavior and is 

unacceptable, consequently, any manuscript that incurs in plagiarism is eliminated and not considered 

for publication. 

 

Authors should cite publications that have been influential in the nature of the Article submitted to 

arbitration. 

 

Information services 

 

Indexation - Bases and Repositories 

 

EBSCO (Research Database - EBSCO Industries) 

GOOGLE SCHOLAR (Citation indices-Google) 

LATINDEX (Scientific Journals of Latin America, Spain and Portugal) 

MENDELEY (Bibliographic References Manager) 

REDIB (Ibero-American Network of Innovation and Scientific Knowledge- CSIC) 

RESEARCH GATE (Germany) 

 

Publishing Services 

 

Citation and Index Identification H 

Management of Originality Format and Authorization 

Testing Article with PLAGSCAN 

Article Evaluation 

Certificate of Double-Blind Review 

Article Edition 

Web layout 

Indexing and Repository 

ArticleTranslation 

Article Publication 

Certificate of Article 

Service Billing 

 

Editorial Policy and Management 

 

38 Matacerquillas, CP-28411. Moralzarzal –Madrid-España. Phones: +52 1 55 6159 2296, +52 1 55 

1260 0355, +52 1 55 6034 9181; Email: contact@ecorfan.org www.ecorfan.org 

 

 

 

 

 



 

 

ECORFAN® 

 

Chief Editor 

QUINTANILLA - CÓNDOR, Cerapio. PhD 

  

Executive Director 

RAMOS-ESCAMILLA, María. PhD 

 

Editorial Director 

PERALTA-CASTRO, Enrique. MsC 

 

Web Designer 

ESCAMILLA-BOUCHAN, Imelda. PhD 

 

Web Diagrammer 

LUNA-SOTO, Vladimir. PhD 

 

Editorial Assistant 

TREJO-RAMOS, Iván. BsC 

 

Philologist 

RAMOS-ARANCIBIA, Alejandra. BsC 

 

Site Licences 

 

03-2010-032610094200-01-For printed material ,03-2010-031613323600-01-For Electronic 

material,03-2010-032610105200-01-For Photographic material,03-2010-032610115700-14-For the 

facts Compilation,04-2010-031613323600-01-For its Web page,19502-For the Iberoamerican and 

Caribbean Indexation,20-281 HB9-For its indexation in Latin-American in Social Sciences and 

Humanities,671-For its indexing in Electronic Scientific Journals Spanish and Latin-America,7045008-

For its divulgation and edition in the Ministry of Education and Culture-Spain,25409-For its repository 

in the Biblioteca Universitaria-Madrid,16258-For its indexing in the Dialnet,20589-For its indexing in 

the edited Journals in the countries of Iberian-America and the Caribbean, 15048-For the international 

registration of Congress and Colloquiums. financingprograms@ecorfan.org 

 

Management Offices 

 

38 Matacerquillas, CP-28411. Moralzarzal – Madrid – Sapin.  

 

 

 

 

 

 

 



 

 

   

Journal of Technological Prototypes 

  
 

 “Development of a prototype spoiler for effective braking of a racing 

motorcycle, utilizing active aerodynamics” 

Cruz-Olvera, Leonardo, Cuate-Gómez, Diego Hernán, Garzón-

Román, Abel and Lugo-Quintal, Jesús Manuel 

Universidad Interamericana A. C.  

Instituto Tecnológico Superior Progreso  

Benemérita Universidad Autónoma de Puebla  

Instituto Tecnológico Superior Progreso 

 

“Design of a single-seater chassis for a BAJA SAE vehicle” 

Lozano-Díaz, Alberto, Alfaro-Méndez, Jonathan, Serrano-Ramírez, 

Tomás and Peña-Aguirre, Julio C. 

Universidad Politécnica de Guanajuato 

 

“Au(III) recovery from aqueous systems” 

Salazar-Hernández, Mercedes, Elorza-Rodríguez Enrique, Salazar-

Hernández Carmen and Mendoza-Miranda, Juan Manuel 

Universidad de Guanajuato 

Instituto Politécnico Nacional-UPIIG 

 

“Automatic medicine dispenser using medical prescriptions” 

Jara-Ruiz, Ricardo, Reyes-Jiménez, Jesús Alonso, Gómez-Bernal, 

María Leticia and Sánchez-Reyes, Ehiby Aldahir 

Universidad Tecnológica del Norte de Aguascalientes 

 

“Integration of electrolytic module into didactic prototype for application 

of chrome coating” 

Campos-Quiroz, María Magdalena, García-Rascón, Araly and Frías-

Gutiérrez, Edgar 

Universidad Tecnológica de Chihuahua 

 

“Analysis of installation of photovoltaic panels interconnected to the 

electrical grid at the Instituto Tecnologico Superior de Huatusco” 

Fuentes-Ramos, Francisco Javier, Molina-García, Moisés, Diaz-

Cogco, Jonathan and Melchor-Hernández, Cesar Leonardo 

Tecnológico Nacional de México - Instituto Tecnológico Superior de 

Huatusco 

 


	Journal_of_Technological_Prototypes_V10_N25_5.pdf
	Integration of electrolytic module into didactic prototype for application of chrome coating
	Abstract
	Resumen
	Introduction
	Development of electrolytic chrome plating module
	Methodology
	Development of the process steps
	Process parameters for chrome plating baths
	Formulation and preparation of electrolytic baths
	Results
	Conclusions
	Declarations
	Conflict of interest
	Authors' contribution
	Availability of data and materials
	Acknowledgements
	Abbreviations
	References


