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APRESENTAÇÃO

Em “Ampliação e Aprofundamento de Conhecimentos nas Áreas das 
Engenharias” vocês encontrarão dezenove capítulos que demonstram que as 
fronteiras nas engenharias continuam sendo ampliadas.

A engenharia aeroespacial brasileira vem realizando muitos estudos para 
a melhoria nos processos de construção de satélites e temos nesta obra quatro 
capítulos demonstrando isso.

Na engenharia elétrica e na computação temos quatro capítulos demonstrando 
empenho no aprofundamento de pesquisas envolvendo temas atuais.

A engenharia de materiais e a engenharia química trazem quatro capítulos 
com pesquisas na produção de novos materiais e produção de medicamentos.

Pesquisas na engenharia de produção temos três capítulos que demonstram 
o empenho na análise de qualidade da produção industrial.

Os demais capítulos apresentam boas pesquisas em engenharia civil,  
engenharia mecânica e engenharia agrícola.

Boa leitura!

Franciele Braga Machado Tullio
Lucio Mauro Braga Machado



SUMÁRIO

SUMÁRIO

CAPÍTULO 1................................................................................................................. 1
AVALIAÇÃO DA PRONTIDÃO DA ORGANIZAÇÃO DE AIT DE SATÉLITES ARTIFICIAIS PARA O 
ATENDIMENTO DE REQUISITOS DE SEUS STAKEHOLDERS

Isomar Lima da Silva 
Andreia Fátima Sorice Genaro
José Wagner da Silva 
Elaine de Souza Ferreira de Paula 
Bruno da Silva Muro
DOI 10.22533/at.ed.7442008041

CAPÍTULO 2............................................................................................................... 13
EMPREGO DOS PARÂMETROS DE LAMINAÇÃO PARA OTIMIZAÇÃO DE PAINÉIS REFORÇADOS 
EM COMPÓSITOS SUBMETIDOS A CARGAS COMPRESSIVAS

Hélio de Assis Pegado
Laura Tameirão Sampaio Rodrigues
DOI 10.22533/at.ed.7442008042

CAPÍTULO 3............................................................................................................... 30
AN OVERVIEW OF THE BFO - BASIC FORMAL ONTOLOGY - AND ITS APPLICABILITY FOR 
SATELLITE SYSTEMS

Adolfo Americano Brandão
Geilson Loureiro
DOI 10.22533/at.ed.7442008043

CAPÍTULO 4............................................................................................................... 39
COLETA DE REQUISITOS DO SUBSISTEMA BAZOOKA CANSAT UTILIZADO NO SEGUNDO 
CUBEDESIGN 

Daniel Alessander Nono
Anderson Luis Barbosa
Bruno Carneiro Junqueira
André Ferreira Teixeira
Aline Castilho Rodrigues
DOI 10.22533/at.ed.7442008044

CAPÍTULO 5............................................................................................................... 47
CENTRAIS HIDROCINÉTICAS COMO MEIO PARA A REESTRUTURAÇÃO DEMOCRÁTICA DO 
SETOR ELÉTRICO 

Luiza Fortes Miranda
Geraldo Lucio Tiago Filho
DOI 10.22533/at.ed.7442008045

CAPÍTULO 6............................................................................................................... 60
DE KAOS PARA SYSML NA MODELAGEM DE SISTEMAS EMBARCADOS: UMA REVISÃO DA 
LITERATURA

Timóteo Gomes da Silva
Fernanda Maria Ribeiro de Alencar 
Aêda Monalizza Cunha de Sousa Brito
DOI 10.22533/at.ed.7442008046



SUMÁRIO

CAPÍTULO 7............................................................................................................... 68
INTERNET OF THINGS NA ENGENHARIA BIOMÉDICA

Tatiana Pereira Filgueiras
Pedro Bertemes Filho
DOI 10.22533/at.ed.7442008047

CAPÍTULO 8............................................................................................................... 77
AVALIAÇÃO DE TOPOLOGIAS DE FONTES DE CORRENTE EM BIOIMPEDÂNCIA ELÉTRICA

David William Cordeiro Marcondes
Pedro Bertemes Filho
DOI 10.22533/at.ed.7442008048

CAPÍTULO 9............................................................................................................... 97
OBTENÇÃO DE BIODIESEL POR MEIO DA TRANSESTERIFICAÇÃO DO ÓLEO DE SOJA 
UTILIZANDO CATALISADOR DE KOH/Al2O3 EM DIFERENTES COMPOSIÇÕES

Laís Wanderley Simões
Normanda Lino de Freitas
Joelda Dantas
Elvia Leal
Julyanne Rodrigues de Medeiros Pontes
Pollyana Caetano Ribeiro Fernandes
DOI 10.22533/at.ed.7442008049

CAPÍTULO 10........................................................................................................... 113
CARACTERIZAÇÃO MECÂNICA DE FILMES HÍBRIDOS PRODUZIDOS POR AMIDO DE MILHO E 
QUITOSANA

Francielle Cristine Pereira Gonçalves
Kilton Renan Alves Pereira
Rodrigo Dias Assis Saldanha
Simone Cristina Freitas de Carvalho
Vítor Rodrigo de Melo e Melo
Kristy Emanuel Silva Fontes
Richelly Nayhene de Lima
Magda Jordana Fernandes
Elano Costa Silva
Thaynon Brendon Pinto Noronha
Liliane Ferreira Araújo de Almada
Paulo Henrique Araújo Peixôto
DOI 10.22533/at.ed.74420080410

CAPÍTULO 11........................................................................................................... 125
SYNTHESIS AND STRUCTURAL CHARACTERIZATION OF SODIUM DODECYL SULFATE (DDS) 
MODIFIED LAYERED DOUBLE HYDROXIDE (HDL) AS MATRIX FOR DRUG RELEASE

Amanda Damasceno Leão
Mônica Felts de La Rocca
José Lamartine Soares Sobrinho
DOI 10.22533/at.ed.74420080411

CAPÍTULO 12........................................................................................................... 134
THIN PLATE SPLINE INTERPOLATION METHOD APPLICATION TO PREDICT THE SUNFLOWER 
OIL INCORPORATION IN POLY (ACRYLIC ACID)-STARCH FILMS 

Talita Goulart da Silva
Débora Baptista Pereira
Vinícius Guedes Gobbi



SUMÁRIO

Layla Ferraz Aquino
Thassio Brandão Cubiça
Matheus Santos Cunha
Tiago dos Santos Mendonça
Sandra Cristina Dantas
Roberta Helena Mendonça
DOI 10.22533/at.ed.74420080412

CAPÍTULO 13........................................................................................................... 152
GESTÃO ESTRATÉGICA PARA O DESENVOLVIMENTO DE PROJETOS NA EMPRESA DE 
MANUTENÇÃO JL AUTOMAÇÃO INDUSTRIAL

Francely Cativo Bentes
David Barbosa de Alencar
Marden Eufrasio dos santos 
DOI 10.22533/at.ed.74420080413

CAPÍTULO 14........................................................................................................... 162
OTIMIZAÇÃO DOS INSPETORES ELETRÔNICOS NA PRODUÇÃO DE TAMPAS METÁLICAS NO 
POLO INDUSTRIAL DE MANAUS

Elisabete Albuquerque de Souza
David Barbosa de Alencar
Marden Eufrasio dos Santos
DOI 10.22533/at.ed.74420080414

CAPÍTULO 15........................................................................................................... 174
CONTROLE DE QUALIDADE DOS BLOCOS CERÂMICOS DE VEDAÇÃO DE SEIS E OITO FUROS 
DAS OLARIAS DO AMAPÁ

Daniel Santos Barbosa 
Adler Gabriel Alves Pereira 
Orivaldo de Azevedo Souza Junior
Ruan Fabrício Gonçalves Moraes
Paulo Victor Prazeres Sacramento 
DOI 10.22533/at.ed.74420080415

CAPÍTULO 16........................................................................................................... 190
REAPROVEITAMENTO DE TOPSOIL COMO MEDIDA DE RECUPERAÇÃO DE ÁREAS 
DEGRADADAS

José Roberto Moreira Ribeiro Gonçalves  
Fabiano Battemarco da Silva Martins  
Ronaldo Machado Correia  
DOI 10.22533/at.ed.74420080416

CAPÍTULO 17........................................................................................................... 199
AVALIAÇÃO DE OBRAS DE ARTE ESPECIAIS: COMPARAÇÃO ENTRE A NBR 9452/2019 E O 
MÉTODO ESLOVENO

Ana Carolina Virmond Portela Giovannetti
DOI 10.22533/at.ed.74420080417

CAPÍTULO 18........................................................................................................... 208
DIMENSIONAMENTO DA POTÊNCIA MÍNIMA EXIGIDA DO ACIONAMENTO PRINCIPAL DE 
TRANSPORTADORES DE CORREIA

José Joelson de Melo Santiago
Carlos Cássio de Alcântara 
Daniel Nicolau Lima Alves



SUMÁRIO

Jackson de Brito Simões 
DOI 10.22533/at.ed.74420080418

CAPÍTULO 19........................................................................................................... 220
CONSTRUÇÃO, INSTRUMENTAÇÃO E CARACTERIZAÇÃO DE UM TÚNEL DE VENTO DIDÁTICO 
DE CIRCUITO FECHADO

Lucas Ramos e Silva
Guilherme de Souza Papini
Rafael Alves Boutros
Romero Moreira Silva
Wender Gonçalves dos Santos
DOI 10.22533/at.ed.74420080419

SOBRE OS ORGANIZADORES............................................................................... 236

ÍNDICE REMISSIVO................................................................................................. 237



 
Ampliação e Aprofundamento de Conhecimentos nas Áreas das Engenharias Capítulo 4 39

Data de aceite: 27/03/2020

COLETA DE REQUISITOS DO SUBSISTEMA 
BAZOOKA CANSAT UTILIZADO NO SEGUNDO 

CUBEDESIGN 

CAPÍTULO 4
doi

Data de submissão: 01/01/2020

Daniel Alessander Nono
Instituto Nacional de Pesquisas Espaciais

São José dos Campos – São Paulo
http://lattes.cnpq.br/5899252892071526

Anderson Luis Barbosa
Instituto Nacional de Pesquisas Espaciais

São José dos Campos – São Paulo
http://lattes.cnpq.br/9745869685056509

Bruno Carneiro Junqueira
Instituto Nacional de Pesquisas Espaciais

São José dos Campos – São Paulo
http://lattes.cnpq.br/6490179894105021

André Ferreira Teixeira
Instituto Nacional de Pesquisas Espaciais

São José dos Campos – São Paulo
http://lattes.cnpq.br/4117184145281894

Aline Castilho Rodrigues
Instituto Nacional de Pesquisas Espaciais

São José dos Campos – São Paulo
http://lattes.cnpq.br/9991775555597652

RESUMO: Projetos espaciais requerem um 
alto nível organizacional para seu sucesso. O 
nível de assertividade é proveniente da escolha 
dos métodos de engenharia mais adequados 

para propor, construir, verificar, validar, operar 
e descartar os sistemas. Dentre os métodos 
empregados pelos engenheiros do INPE, existem 
a Engenharia de Requisitos e a Engenharia de 
Sistemas. Este trabalho analisou, classificou 
e organizou os interessados e afetados, ou 
stakeholders, do sistema Bazooka Cansat, 
operada no evento Segundo CubeDesign. 
Em seguida foram feitas entrevistas com os 
interessados e as necessidades coletadas, 
analisadas e transformadas em requisitos. 
Os requisitos foram balanceados segundo as 
necessidades dos entrevistados e se mostraram 
eficazes para as etapas subsequentes de 
montagem, integração, testes e uso.
PALAVRAS-CHAVE: Engenharia de Sistema; 
Requisitos; CanSat.

REQUIREMENTS ELICITATION FOR THE 

BAZOOKA CANSAT USED IN THE SECOND 

CUBEDESIGN

ABSTRACT: Space projects requires a high 
organizational level for its success. The 
assertiveness level comes from the choosing 
of the most suitable engineering methods to 
propose, develop, verify, validate, operate 
and discard the systems. Among the methods 
applied by engineers from INPE (National 

https://wwws.cnpq.br/cvlattesweb/PKG_MENU.menu?f_cod=A7F1F79A514CC08E7F6FD838359681EF
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Institute for Space Research), there are the Requirements Engineering and the 
Systems Engineering. This work analyses, ranks and organizes the Stakeholders 
for the Bazooka CanSat system, used in the Second CubeDesign. Then, the people 
interested on the system where interviewed and the necessities gathered, analyzed 
and turned into System Requirements. The requirements were weighted according to 
the need of the people interviewed and proved to be effective for the subsequent steps.  
KEYWORDS: System Engineering; Requirement; CanSat.

1 | 	INTRODUCTION

CubeDesign is an event focused in divulgating for the world Space Engineering 
and INPE (National Institute for Space Research). This event has three categories: 
MockUp, CanSat and CubeSat. On the CanSat category, the competitors must 
develop satellite prototypes to be launched 32 meters height by a launch system. 
The requirement elicitation for the launch system is shown in this paper.

Figure 1 shows the flowchart of the engineering methods used in the 
development of the launch system named Bazooka CanSat.

Figure 1 – Bazooka CanSat Flowchart of the Engineering Methods

	 Requirement Engineering is a method responsible for the deep understanding 
of the necessities of the stakeholders of a system. In this method, the necessities are 
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interpreted and turned into measurable parameters through iterative processes. The 
main attributes of a concise requirements are: traceability, verifiability, unambiguity 
and feasibility [1-3]. Also, the acceptance criteria and validation methods, where the 
requirements are turned into system specifications, are defined. [1-4]

	 System Engineering is responsible for proposing one or more solutions, 
weighted among the stakeholders of the system. This method observes, analyzes 
and structures the organizational, physical and environmental structures, as well as 
the people involved, and seeks to meet the requirements of the project, mission, and 
functions. [1]

	 The Pugh’s Matrix is an engineering method which seeks to choose the more 
adequate logical solution for the project and the mission fulfillment. It utilizes the 
output of the possible solutions proposed by the System Engineering. [2]

	 System Engineering is a method to design a system. It is interdisciplinary 
and involves the development of the structural calculations, electronics, material 
selection, product dimensions, product design, and the manufacturing and assembly 
sequence. [3]

	 Material selection analyzes and determines the materials which must be 
employed to make the physical parts of the system, considering cost, geometry, 
environment, system scenarios, and to increase the lifespan of the system. [1, 2]

	 The parts manufacturing and assembly is the step where the pieces are 
made, and the systems are assembled and integrated. After the integration, the final 
verification and validation by the clients/stakeholders occurs.

2 | 	METHODOLOGY

	 The steps for the gathering and treatment of the necessities, generation, 
verification and validation of the requirements are presented as a flowchart in the 
Figure 2.
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Figure 2 - Steps for the development and validation of Requirements

 The methods for requirement elicitation applied were: interview, activities 
analysis, and Brainstorming.  

 For the interview, the following questions were used: What are the essential 
necessities of the system? What is use intended use for the system? How long 
the system will be in use? Is there any restriction to the system? What are the 
fundamental physical characteristics of the system? What are the fundamental 
chemical characteristics of the system? What is the ideal geometry of the system? 
What is the deadline to deliver the system? What is the cost limit of the system?

3 |  RESULTS AND DISCUSSIONS

3.1 Workfl ow Diagram 

 The fi rst step was to elaborate the life cycle of the product, focusing in the 
workfl ow. Then, the stakeholder groups were identifi ed through the activity analysis, 
which is shown in Figure 3.
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Figure 3 - Organizational stakeholder map in activities function

3.2 Organizational Stakeholders 

Figure 4 shows the detailed analysis of the subgroup CUBEDESIGN / CanSat 
Team. The other subgroups are not shown.

Figure 4 - Stakeholders for the Subgroup CanSat Team.

3.3 Interviews and analyzes

The interviews were effective to elicit the requirements. The experience showed 
that most of  the stakeholders have confusing ideas, which refl ect in greater time 
expending to sort the types of requirements. The results are shown in the columns 
one and two of the Table 1 

3.4 Document Verifi cation

The documentation was verifi ed through the internet. The information was 
uploaded to a drive on the data cloud and the stakeholders verifi ed if the requirements 
were acceptable.

 This step was burdensome due to fact that the necessities weighting was 
discussed several times, until a solution that moderately satisfi ed the stakeholders 
was found.
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3.5	Documents Validation

This step was less disturbed because the stakeholders had already verified the 
requirements and agreed with it. The work employed on the detailed verification was 
responsible for the fast validation of the requirements.

3.6	Requirements Results

	 The results of the requirement analysis and of the requirements obtained are 
shown in simplified version in the Table 1.
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Performance

“Basically, 
it is 

necessary 
to verify 
the flight 
height 

and the 
CanSat 

dimension”

Eduardo 
Burguer

The system 
must be 

capable to 
throw CanSat 
at a height of 
32±1 meter. 

Experimental 
and 

Modeling 
Field Test

The verification must 
be done through the 

recording of the launch 
with 20±0.3cm. A standard 

of 1±0,05m must be 
placed in the vertical, 

away 10±0,3 meters of the 
launching system, below 
and parallel to the flight 
trajectory. The recording 
must be analyzed and a 
geometric comparation 

between the flight apogee 
and the standard. The 
prototypes must follow 
the established criteria 

in the RQT05. Five 
launches must be done. 
The requirement will be 
considered verified if the 
flight height is of 32±1m.

The group 
decided that 
the launch 

must reach the 
center of the 

soccer field of 
ADC/INPE. 

Therefore, for a 
launch at 45°, 
it is necessary 
to reach this 

height.
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“Basically, 
it is 

necessary 
to verify 
the flight 
height 

and the 
CanSat 

dimension”

Eduardo 
Burguer

The system 
must be 

capable to 
throw CanSat 
at a height of 
32±1 meter.

Experimental 
and 

Modeling
Field Test

The verification must 
be done through the 

recording of the launch 
with 20±0.3cm. A standard 

of 1±0,05m must be 
placed in the vertical, 

away 10±0,3 meters of the 
launching system, below 
and parallel to the flight 
trajectory. The recording 
must be analyzed and a 
geometric comparation 

between the flight apogee 
and the standard. The 
prototypes must follow 
the established criteria 

in the RQT05. Five 
launches must be done. 
The requirement will be 
considered verified if the 
flight height is of 32±1m.

The group 
decided that 
the launch 

must reach the 
center of the 

soccer field of 
ADC/INPE. The 
greater distance 
from the side to 
the center of the 
soccer field is, 
approximately, 

32m.
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“Basically, 
it is 

necessary 
to verify 
the flight 
height 

and the 
CanSat 

dimension”

Eduardo 
Burguer

The system 
must be 
capable 

to throw a 
CanSat with 

radius of 
3.0±0.05cm.

Experimental Field Test

The verification must 
be done through the 

measuring of the distance 
of the launching system, 
with the help a calibrated 
caliper with a precision of 
0.01mm. The requirement 
is verified if the diameter 
is bigger than 3±0.05cm

The 
competitions 
rules say that 

the official 
measures of 

a CanSat is of 
a diameter of 
60±0.1mm, so 
it is necessary 
to verify if the 

CanSat will fit in 
the launcher.

Table 1 – Results of the requirement analysis

4 | 	CONCLUSION

	 The requirements elicitation for the system Bazooka CanSat was inspired 
on the method applied by INPE in Satellites projects. The results were weighted 
among the stakeholders through arduous negotiations. Among the main problems 
found, the meeting between the expected launch height and the height that was 
possible to accomplish with the time and resources available was the hardest. The 
results accomplished were satisfying, even though some of the requirements could 
not be met. In fact, this sequence of methods to generate requirements helped the 
designers, assemblers, and operators of the system to accomplish the mission and 
to satisfy the stakeholders
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