®
.g!_:;?:. RENIECYT
9th International Interdisciplinary Congress on Renewable Energies, Industrial Maintenance, Mechatronics and Informatics QOUTEOR e s e

....... Empresas Cientificas y Tecnoldgicas

@
Booklets 1702902 CONAHCYT

ECORFAN

RENIECYT - LATINDEX - Research Gate - DULCINEA - CLASE - Sudoc - HISPANA - SHERPA UNIVERSIA - Google Scholar DOI - REDIB - Mendeley - DIALNET - ROAD - ORCID - V|LEX

Title: Development of a prototype spoiler for effective braking of a racing motorcycle, utilizing

active aerodynamics
Authors: Cruz-Olvera, Leonardo, Cuate-Gomez, Diego Hernan, Garzon-Roman, Abel and Lugo-Quintal,

Jesds Manuel
ROR Universidad interamericana A.C. c KWU-1476-2024 0009-0008-8454-8749 & 2045800

ROR Instituto tecnoldgico superior progreso © GPP-1425-2022 © 0000-0003-1741-0009 € 700475
ROR Benemérita Universidad Autonoma de Puebla © KLI-0626-2024 0000-0002-9412-9432 & 568124

Editorial label ECORFAN: 607-8695 RorInstituto Tecnolégico Superior Progreso = B-8916-2019 0000-0002-3267-8268 & 268027 CONAHCIT dlassification:
BCIERMMI Control Number: 2024-01 Area: Engineering

BCIERMMI Classification §2024): 241024-0001 Field: Engineering

RNA: 03-2010-032610115700-14 Discipline: Electronic Engineering
Pages: |5 Subdiscipline: Design and systems

ECORFAN-México, S.C.
Park Pedregal Business. 3580, Holdings

Anillo Perif, San Jerénimo Mexico Colombia Guatemala
Aculco, Alvaro Obregon,

01900 Ciudad de México, CDMX, WWW.eco I"fan .Ol’g

Bolivia Cameroon Democratic

Phone: +52 | 55 6159 2296
Skype: ecorfan-mexico.s.c.
E-mail: contacto@ecorfan.org
Facebook: ECORFAN-México S. C.

Twitter: @EcorfanC

Spain El Salvador Republic
Ecuador Taiwan of Congo

Peru Paraguay Nicaragua



PRESENTATION CONTENT

Introduction

History in motorcycle aerodynamics
Mathematical and physical methods
Aerodynamics and active aerodynamics.
The spoiler design.

The spoiler design results

The spoiler design results. (principal function).

The spoiler design results. (differences)
Mathematical result.
Conclusions

References



Introduction

This investigation highlights the importance of aerodynamic modifications to improve performance
during braking and direction changes most crucial aspects in motorcycle competitions.

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.




History in motorcycles aerodynamics

Previous studies of bird and fish.

The end of World War 11 in 1945 saw the beginning of the space race between the United States
and the Soviet Union from 1957 to 1975.

limiting experimental design variations on a large scale.
Wind tunnelsleading to significant advancements in automotive aerodynamics in 1973.
CFD.

Since 2015 motorcycles have been equipped with "winglets.

>
>
>
>
>

Van Dijck and Joao Gaspar Cardoso, have demonstrated and evaluated the aerodynamic forces on
a road motorcycle modified for high-speed competitions.

Active Aerodynamics.




Mathematical and physical methods

In the way of design an spoiler its important to know some physical and mathematical methods
to understand the correct way of function and not design something dangerous to the racers.

Some of them are:

Bernoulli equation i 1 _,
Pl+—vlc= P2+—v2
Downforce 2p 2p
Reynolds number

Drag F=05*xD*Cl*Ax*V?
Fluid mechanics
Lift

Types of flow




Mathematical and physical methods

Types of flow Lift and downforce
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» Aerodynamic: specializes in studying the principles

>

Aerodynamics and active aerodynamics.

and laws governing interactions between air and
objects.

Active aerodynamics: in the context of vehicles,
involves the ability to generate and modify
aerodynamic forces on a surface in response to vehicle

movement




The spoiler design.

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.




The spoiler design.

» Electronic Control: An Arduino Uno board based on the ATmega328 microcontroller.

» Communication control: The MPUG6050.

Gyroscope position (steering wheel) and motorcyele speed over 100 km/h
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The spoiler design results.

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.

e
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The spoiler design results.
(principal function).

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:

» Principal function of the winlet: 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 by
pressure variations where the winglet angle influences pressure increase from 14.6 psi to 15 psi.
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The spoiler design results.
(differences)

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.

Right wing shows: higher pressure and lower velocity on the upper surface, while the lower
surface exhibits lower pressure and higher velocity.

Left wings: minimal pressure variations and a slight vacuum at the rear due to the uniform
airflow speed through the upper and lower parts.
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Mathematical results.

» Principal equation: F=APxA

AP = (15psi — 14.6psi) x 6894.76 Pa
AP = ().4psi x 6894.76 Pa
AP ~2757.904 Pa

_ 2 l*m.2
A = 94em” X 000002

A =0.0094m?
F = 2757.904 Pa % 0.0094 m?
F ~ 25904 N

Fiy = 25.904 N x 0.10197 kg/N
Fry ~ 2.644 kg




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.
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