FRANCIELE BRAGA MACHADO TULLIO ’
LUCIO MAURO BRAGA MACHADO
[ORGANIZADORES) AMPLI AGRO E
APROFUNDAMENTO
DE CONHECIMENTOS NAS

AREAS DAS ENGENHARIAS

[Atena

Editora
Ano 2020



FRANCIELE BRAGA MACHADO TULLIO ’
LUCIO MAURO BRAGA MACHADO
[ORGANIZADORES) AMPLI AGRO E
APROFUNDAMENTO
DE CONHECIMENTOS NAS

AREAS DAS ENGENHARIAS

[Atena

Editora
Ano 2020



2020 by Atena Editora
Copyright © Atena Editora
Copyright do Texto © 2020 Os autores
Copyright da Edicao © 2020 Atena Editora
Editora Chefe: Prof® Dr? Antonella Carvalho de Oliveira
Diagramacao: Natalia Sandrini de Azevedo
Edicado de Arte: Lorena Prestes
Revisao: Os Autores

Todo o conteldo deste livro esta licenciado sob uma Licenga de Atribuicdo Creative
BY Commons. Atribui¢ao 4.0 Internacional (CC BY 4.0).

O conteldo dos artigos e seus dados em sua forma, correcao e confiabilidade sao de responsabilidade exclusiva
dos autores. Permitido o download da obra e o compartilhamento desde que sejam atribuidos créditos aos
autores, mas sem a possibilidade de altera-la de nenhuma forma ou utiliza-la para fins comerciais.

Conselho Editorial

Ciéncias Humanas e Sociais Aplicadas

Prof? Dr® Adriana Demite Stephani - Universidade Federal do Tocantins

Prof. Dr. Alvaro Augusto de Borba Barreto - Universidade Federal de Pelotas

Prof. Dr. Alexandre Jose Schumacher - Instituto Federal de Educacao, Ciéncia e Tecnologia de Mato Grosso
Prof? Dr? Angeli Rose do Nascimento - Universidade Federal do Estado do Rio de Janeiro
Prof. Dr. Antonio Carlos Frasson - Universidade Tecnolégica Federal do Parana

Prof. Dr. Antonio Gasparetto Junior - Instituto Federal do Sudeste de Minas Gerais

Prof. Dr. Antonio Isidro-Filho - Universidade de Brasilia

Prof. Dr. Carlos Antonio de Souza Moraes - Universidade Federal Fluminense

Prof. Dr. Constantino Ribeiro de Oliveira Junior - Universidade Estadual de Ponta Grossa
Prof? Dr? Cristina Gaio - Universidade de Lisboa

Prof? Dr® Denise Rocha - Universidade Federal do Ceara

Prof. Dr. Deyvison de Lima Oliveira - Universidade Federal de Rondonia

Prof. Dr. Edvaldo Antunes de Farias - Universidade Estacio de Sa

Prof. Dr. Eloi Martins Senhora - Universidade Federal de Roraima

Prof. Dr. Fabiano Tadeu Grazioli - Universidade Regional Integrada do Alto Uruguai e das Missoes
Prof. Dr. Gilmei Fleck - Universidade Estadual do Oeste do Parana

Prof? Dr? Ivone Goulart Lopes - Istituto Internazionele delle Figlie de Maria Ausiliatrice
Prof. Dr. Julio Candido de Meirelles Junior - Universidade Federal Fluminense

Prof® Dr® Keyla Christina Almeida Portela - Instituto Federal de Educacao, Ciéncia e Tecnologia de Mato Grosso
Prof? Dr? Lina Maria Goncalves - Universidade Federal do Tocantins

Prof® Dr® Natiéli Piovesan - Instituto Federal do Rio Grande do Norte

Prof. Dr. Marcelo Pereira da Silva - Universidade Federal do Maranhao

Prof? Dr® Miranilde Oliveira Neves - Instituto de Educacao, Ciéncia e Tecnologia do Para
Prof? Dr? Paola Andressa Scortegagna - Universidade Estadual de Ponta Grossa

Prof? Dr? Rita de Cassia da Silva Oliveira - Universidade Estadual de Ponta Grossa

Prof? Dr? Sandra Regina Gardacho Pietrobon - Universidade Estadual do Centro-Oeste
Prof? Dr? Sheila Marta Carregosa Rocha - Universidade do Estado da Bahia

Prof. Dr. Rui Maia Diamantino - Universidade Salvador

Prof. Dr. Urandi Joao Rodrigues Junior - Universidade Federal do Oeste do Para

Prof? Dr® Vanessa Bordin Viera - Universidade Federal de Campina Grande

Prof. Dr. William Cleber Domingues Silva - Universidade Federal Rural do Rio de Janeiro
Prof. Dr. Willian Douglas Guilherme - Universidade Federal do Tocantins

Ciéncias Agrarias e Multidisciplinar

Prof. Dr. Alexandre Igor Azevedo Pereira - Instituto Federal Goiano

Prof. Dr. Antonio Pasqualetto - Pontificia Universidade Catélica de Goias
Prof® Dr® Daiane Garabeli Trojan - Universidade Norte do Parana

| Atena

LEditora
Ano 2020




Prof® Dr® Diocléa Almeida Seabra Silva - Universidade Federal Rural da Amazonia
Prof. Dr. Ecio Souza Diniz - Universidade Federal de Vicosa

Prof. Dr. Fabio Steiner - Universidade Estadual de Mato Grosso do Sul

Prof. Dr. Fagner Cavalcante Patrocinio dos Santos - Universidade Federal do Ceara
Prof? Dr? Girlene Santos de Souza - Universidade Federal do Recdncavo da Bahia
Prof. Dr. Julio César Ribeiro - Universidade Federal Rural do Rio de Janeiro

Prof? Dr® Lina Raquel Santos Araujo - Universidade Estadual do Ceara

Prof. Dr. Pedro Manuel Villa - Universidade Federal de Vicosa

Prof? Dr? Raissa Rachel Salustriano da Silva Matos - Universidade Federal do Maranhao
Prof. Dr. Ronilson Freitas de Souza - Universidade do Estado do Para

Prof? Dr? Talita de Santos Matos - Universidade Federal Rural do Rio de Janeiro
Prof. Dr. Tiago da Silva Teéfilo - Universidade Federal Rural do Semi-Arido

Prof. Dr. Valdemar Antonio Paffaro Junior - Universidade Federal de Alfenas

Ciéncias Biolégicas e da Salde

Prof. Dr. André Ribeiro da Silva - Universidade de Brasilia

Prof? Dr? Anelise Levay Murari — Universidade Federal de Pelotas

Prof. Dr. Benedito Rodrigues da Silva Neto - Universidade Federal de Goias

Prof. Dr. Edson da Silva - Universidade Federal dos Vales do Jequitinhonha e Mucuri
Prof? Dr? Eleuza Rodrigues Machado - Faculdade Anhanguera de Brasilia

Prof® Dr2 Elane Schwinden Prudéncio - Universidade Federal de Santa Catarina
Prof. Dr. Ferlando Lima Santos - Universidade Federal do Reconcavo da Bahia

Prof. Dr. Fernando José Guedes da Silva Junior - Universidade Federal do Piaui
Prof? Dr? Gabriela Vieira do Amaral - Universidade de Vassouras

Prof. Dr. Gianfabio Pimentel Franco - Universidade Federal de Santa Maria

Prof® Dr? lara Lucia Tescarollo - Universidade Sao Francisco

Prof. Dr. Igor Luiz Vieira de Lima Santos - Universidade Federal de Campina Grande
Prof. Dr. José Max Barbosa de Oliveira Junior - Universidade Federal do Oeste do Para
Prof? Dr® Magnélia de Araljo Campos - Universidade Federal de Campina Grande
Prof? Dr® Mylena Andréa Oliveira Torres - Universidade Ceuma

Prof® Dr® Natiéli Piovesan - Instituto Federacl do Rio Grande do Norte

Prof. Dr. Paulo Inada - Universidade Estadual de Maringa

Prof? Dr® Renata Mendes de Freitas - Universidade Federal de Juiz de Fora

Prof? Dr® Vanessa Lima Gongalves - Universidade Estadual de Ponta Grossa

Prof? Dr® Vanessa Bordin Viera - Universidade Federal de Campina Grande

Ciéncias Exatas e da Terra e Engenharias

Prof. Dr. Adélio Alcino Sampaio Castro Machado - Universidade do Porto

Prof. Dr. Alexandre Leite dos Santos Silva - Universidade Federal do Piaui

Prof. Dr. Carlos Eduardo Sanches de Andrade - Universidade Federal de Goias
Prof® Dr® Carmen Lucia Voigt - Universidade Norte do Parana

Prof. Dr. Eloi Rufato Junior - Universidade Tecnolégica Federal do Parana

Prof. Dr. Fabricio Menezes Ramos - Instituto Federal do Para

Prof. Dr. Juliano Carlo Rufino de Freitas - Universidade Federal de Campina Grande
Prof® Dr* Luciana do Nascimento Mendes - Instituto Federal de Educacgao, Ciéncia e Tecnologia do Rio
Grande do Norte

Prof. Dr. Marcelo Marques - Universidade Estadual de Maringa

Prof? Dr* Neiva Maria de Almeida - Universidade Federal da Paraiba

Prof? Dr® Natiéli Piovesan - Instituto Federal do Rio Grande do Norte

Prof. Dr. Takeshy Tachizawa - Faculdade de Campo Limpo Paulista

Conselho Técnico Cientifico

Prof. Me. Abraao Carvalho Nogueira - Universidade Federal do Espirito Santo

Prof. Me. Adalberto Zorzo - Centro Estadual de Educacao Tecnolédgica Paula Souza

Prof. Dr. Adaylson Wagner Sousa de Vasconcelos - Ordem dos Advogados do Brasil/Seccional Paraiba
Prof. Me. André Flavio Goncalves Silva - Universidade Federal do Maranhao

| Atena

Editora
Ano 2020




Prof? Dr® Andreza Lopes - Instituto de Pesquisa e Desenvolvimento Académico

Prof? Dr? Andrezza Miguel da Silva - Universidade Estadual do Sudoeste da Bahia

Prof. Dr. Antonio Hot Pereira de Faria - Policia Militar de Minas Gerais

Prof? Ma. Bianca Camargo Martins - UniCesumar

Prof? Ma. Carolina Shimomura Nanya - Universidade Federal de Sao Carlos

Prof. Me. Carlos Antdnio dos Santos - Universidade Federal Rural do Rio de Janeiro

Prof. Ma. Claldia de Araljo Marques - Faculdade de Musica do Espirito Santo

Prof. Me. Daniel da Silva Miranda - Universidade Federal do Para

Prof? Ma. Dayane de Melo Barros - Universidade Federal de Pernambuco

Prof. Me. Douglas Santos Mezacas -Universidade Estadual de Goias

Prof. Dr. Edwaldo Costa - Marinha do Brasil

Prof. Me. Eliel Constantino da Silva - Universidade Estadual Paulista Jalio de Mesquita

Prof?> Ma. Fabiana Coelho Couto Rocha Corréa - Centro Universitario Estacio Juiz de Fora

Prof. Me. Felipe da Costa Negrao - Universidade Federal do Amazonas

Prof? Dr® Germana Ponce de Leon Ramirez - Centro Universitario Adventista de Sao Paulo

Prof. Me. Gevair Campos - Instituto Mineiro de Agropecuaria

Prof. Me. Guilherme Renato Gomes - Universidade Norte do Parana

Prof? Ma. Jaqueline Oliveira Rezende - Universidade Federal de Uberlandia

Prof. Me. Javier Antonio Albornoz - University of Miami and Miami Dade College

Prof? Ma. Jéssica Verger Nardeli - Universidade Estadual Paulista Jdlio de Mesquita Filho

Prof. Me. José Luiz Leonardo de Araujo Pimenta - Instituto Nacional de Investigacion Agropecuaria Uruguay
Prof. Me. José Messias Ribeiro Junior - Instituto Federal de Educacao Tecnolégica de Pernambuco
Prof® Ma. Juliana Thaisa Rodrigues Pacheco - Universidade Estadual de Ponta Grossa

Prof. Me. Leonardo Tullio - Universidade Estadual de Ponta Grossa

Prof? Ma. Lilian Coelho de Freitas - Instituto Federal do Para

Prof? Ma. Liliani Aparecida Sereno Fontes de Medeiros - Consé6rcio CEDERJ

Prof® Dr? Livia do Carmo Silva - Universidade Federal de Goias

Prof. Me. Luis Henrique Aimeida Castro - Universidade Federal da Grande Dourados

Prof. Dr. Luan Vinicius Bernardelli - Universidade Estadual de Maringa

Prof?® Ma. Marileila Marques Toledo - Universidade Federal dos Vales do Jequitinhonha e Mucuri
Prof. Me. Rafael Henrique Silva - Hospital Universitario da Universidade Federal da Grande Dourados
Prof® Ma. Renata Luciane Polsaque Young Blood - UniSecal

Prof? Ma. Solange Aparecida de Souza Monteiro - Instituto Federal de Sao Paulo

Prof. Me. Tallys Newton Fernandes de Matos - Faculdade Regjional Jaguaribana

Prof. Dr. Welleson Feitosa Gazel - Universidade Paulista

Dados Internacionais de Catalogag¢ao na Publicagao (CIP)
(eDOC BRASIL, Belo Horizonte/MG)

A526 Ampliacdo e aprofundamento de conhecimentos nas areas das
engenharias [recurso eletrdnico] / Organizadores Franciele Braga
Machado Tullio, Lucio Mauro Braga Machado. — Ponta Grossa,
PR: Atena, 2020.

Formato: PDF

Requisitos de sistema: Adobe Acrobat Reader
Modo de acesso: World Wide Web

Inclui bibliografia

ISBN 978-65-86002-74-4

DOI 10.22533/at.ed.744200804

1. Engenharia — Pesquisa — Brasil. 2. Inovagdes tecnolégicas.
3. Tecnologia. I. Tullio, Franciele Braga Machado. Il. Machado, Lucio
Mauro Braga.
CDD 620
Elaborado por Mauricio Amormino Junior | CRB6/2422
Atena Editora
Ponta Grossa - Parana - Brasil
www.atenaeditora.com.br

| Atena

Editora
Ano 2020




APRESENTAGAO

Em “Ampliacdo e Aprofundamento de Conhecimentos nas Areas das
Engenharias” vocés encontrardo dezenove capitulos que demonstram que as
fronteiras nas engenharias continuam sendo ampliadas.

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

Na engenharia elétrica e na computag¢ao temos quatro capitulos demonstrando
empenho no aprofundamento de pesquisas envolvendo temas atuais.

A engenharia de materiais e a engenharia quimica trazem quatro capitulos
com pesquisas na produg¢éo de novos materiais e producdo de medicamentos.

Pesquisas na engenharia de producao temos trés capitulos que demonstram
o empenho na analise de qualidade da producéao industrial.

Os demais capitulos apresentam boas pesquisas em engenharia civil,
engenharia mecéanica e engenharia agricola.

Boa leitural

Franciele Braga Machado Tullio
Lucio Mauro Braga Machado
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Ampliagéo e Aprofundamento de Conhecimentos nas Areas das Engenharias

STAKEHOLDERS

RESUMO: As atividades de Montagem,
Integracédo e Testes de um satélite artificial
correspondem a conjuntos de procedimentos
e a execucdo de uma sequéncia de eventos
logicamente correlacionados, com a finalidade
de obter um alto grau de confianca no
funcionamento do satélite. A AIT (Assembly,
Integration and Test) busca a garantia de
que todos os parémetros de projeto e de
desempenho especificados serao alcancgados.
Para isso sdo simuladas todas as condicdes
ambientais, nas quais o satélite fica sujeito,
desde seu lancamento até sua operacdo em
orbita. O estudo aqui apresentado faz parte
de uma pesquisa de doutorado em andamento
que tem por objetivo desenvolver um esquema
(framework) conceitual e uma metodologia para
analise da prontidao da organizacao de AlT para
integrar um determinado satélite de maneira a
atender de forma satisfatéria aos requisitos de
todos os seus stakeholders (stakeholders da
AIT) e prezando pela qualidade, confiabilidade,
seguranca e conformidade de parametros
de desempenho especificados para serem
adotados pela organizagéo de AlT.

PALAVRAS-CHAVE: AT, Stakeholders,
Requisitos, Prontidao, Processos.
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EVALUATION OF THE READINESS OF THE AIT ORGANIZATION ARTIFICIAL
SATELLITES APPLIED FOR STAKEHOLDERS REQUIREMENTS

ABSTRACT: The activities of Assembly, Integration and Testing of an artificial satellite
corresponds to a set of procedures and the execution of the logically correlated events
sequence to obtain a high degree of confidence of satellite operation. The Assembly,
Integration and Testing (AIT) activities are performed to ensure that all specified design
and performance parameters were reached. Within this context, all the environmental
conditions in which the satellite will be asked for, from its launch until its operation in
orbit, are simulated. The study presented herein is part of a Ph.D. research, with the
purpose of developing a conceptual framework and a methodology for analysis of the
AIT organization readiness level to integrate a particular satellite in order to satisfy
all stakeholders’ requirements (AIT stakeholders) valuing quality, reliability, safety and
compliance of performance parameters usually adopted by the AIT organization.
KEYWORDS: AIT, Stakeholders, Requirements, Readiness, Organization.

11 INTRODUCTION

This paperdiscussesthereadiness assessmentofthe AIT (Assembly, Integration
and Testing) organization for meeting the requirements of its stakeholders. It is
essential in this area, to identify the stakeholders and to find out how to measure their
interests during execution of a complex project, such as space projects, (Loureiro,
1999).

Space systems projects consists in quite specific enterprises due to complexity,
high costs involved, use of brand new technologies in order to develop equipment
for operation in adverse environments, as well as lack of possibility for repair the
equipments, after its orbit operation started, (Loureiro1999).

For this type of project, is considered utmost importance to have an AIT
organization with mature and well-defined processes wherefore meeting stakeholder
requirements. To meet these requirements it is imperative identify stakeholders
concerns, wishes, desires and goals, and also characterize and manage the
stakeholders that affect or are affected by the product development.

The development of a method to evaluate the readiness of the AIT organization
with a focus on the stakeholders requirements can be provided as a tool for
quality assurance of the provided services. Evaluation of the readiness of the AIT
organization to meet the requirements of its stakeholders.

Ampliagdo e Aprofundamento de Conhecimentos nas Areas das Engenharias Capitulo 1




2 | BIBLIOGRAPHIC REFERENCE

2.1 Stakeholder analysis and management

For Clarkson (1995), Donaldson and Preston (1995), Rowley (1997), Scott and
Lane (2000), Baldwin (2002) and Mainardes et al. (2010), the concept of stakeholder
management was developed to aim organizations to recognize, analyze and examine
the characteristics of individuals or groups that has potential to influence or are
influenced by an organization, such as its organizational behavior. For the authors
listed above, the organizational management is done into three levels: stakeholders’
identification; the development of processes that help to raise the stakeholders’
needs and interests, and the construction of relationships between all stakeholders.

Stakeholder analysis can be considered as a continuous process of data
collection and analysis from interested parts, their tendencies and preferences,
(Mitchell et al., 1997; Wood, 1990). For (Freeman, 2010), stakeholder analysis is
a set of activities that should take into account prompt questions such as: who are
the stakeholders? What they want? How will they try to achieve what they want?
The cited questions are related to the attributes, purposes and methods used by
stakeholders. This analysis is important to purchase the stakeholders knowledge
influence in the project feasibility to determine the conflicts of interests between
stakeholders involved.

2.2 Assembly, Integration and Testing

AIT (Assembly, Integration and Testing) ensures that all design parameters
and specified performance will be achieved. To reach this, all the environmental
conditions which the satellite will be submitted to are simulated, from launch to orbit
operation, (LIT-INPE2015).

According to the life cycle of NASA projects, AlT activities are included into the
phase D of a space project. The life cycle comprises the following phases:

+ Pre-Phase A: Design Studies - Conceptual studies and identification of via-
ble alternatives in the form of simulations, analyzes, study reports, models
for the project;

+ Phase A: Development of concept and technology -At this stage the de-
finition of system concept and technology are presented in the manner of
simulations, analysis, engineering models and mockups and trade study de-
finition;

Phase B: Preliminary Project - Establishment of a preliminary project or ini-
tial baseline, capable of mission needs. It establishes the development of

necessary technology, the system requirements and design requirements in
addition to managing a preliminary design for each final structure project of

the system;
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+ Phase C: Final design and manufacturing - Completion of the design and
construction of its associated subsystems, including their operating systems.
Manufacture of hardware and software coding and components of the sys-
tem;

Phase D: AIT and release - Performs the implementation of Assembly, Inte-
gration and Product Testing of the final product or system. Initiate and prepa-
re for launch and for product operation;

Phase E: Operations and maintenance - This phase is implemented in the
mission operation plan and mission is conducted, while proper maintenance
of the system is carried out;

« Phase F: Discard or Decommissioning- On this stage the systems decom-
missioning and disposal scheme, developed in Phase E, are implemented.
The data collected from the system is analyzed.

According to (NASA, 2007), each phase has its respective revisions, being the
revisions of phase D as follows:

+ FRR - Flight Readiness Review: Provides tests analysis, demonstrations
and audits to determine the system’s readiness for a safe and successful
flight or launch and for subsequent flight operations;

+  ORR - Operational Readiness Review: This review checks the current sys-
tem characteristics and procedures used in the system operation or in the
final product. It ensures that all hardware, software, personnel, procedures,
system documentation and support documents reflect accurately the implan-
ted state of the system;

+ SAR - System Acceptance Review: Verifies completeness of specific end
products in correlation with expected maturity level and assure stakeholder
expectations scope;

+ TRR - Test Readiness Review: Ensures that test item (hardware/software),
test installation, and testing procedures are ready to Test and Acquisition,
Reduction and Control of data.

The AIT activities and reviews, requires specialized technical expertise with
the goal to achieve a high degree of confidence in order to assure the product
accordance with specified parameters, it is required professionals from different
areas and several stakeholders. These professionals/stakeholders have distinct
interests however it converges to the same purpose, to ensure high reliability level
and accurate satellite operation. Some of the main stakeholders are shown in figure
1.
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Figure 1. Stakeholders in AIT.
Source: Author (2019).

When known who the stakeholders of each AIT project are, allows to differentiate
your interests, allows leveling the expectations besides enable comprehension of
best way to deal with. (Silvadr 2011) describes the AIT activities:

+ Assembly: Includes the mechanical operations performed to position, fix
and interconnect physically each one of the units that belongs the satellite
system.

+ Integration: Activities of interconnection and functional verification between
the units which constitute a subsystem, and between the subsystems which
compound the system.

+ Test: This is a sequence of experiments with the aim to verify the design re-
quirements are satisfied and whether the satellite will endure both launching
and orbiting hard operations during the estimated time for its activities.

2.3 Readiness

The concept of readiness resembles the definition of capacity and maturity
being the competence to efficiently repeat a list of results in a predictable manner
through mature and consolidated processes (CMMI, 2018). On the other hand, the
concept of readiness can be applied focused on the technological issue, for example
TRL'’s technology readiness levels, which consist of a method that allows the certain
technologies maturity estimation, (ESA, 2008).

In the same line of reasoning, it is possible to affirm that Readiness can be
used to measure the level of maturity or evaluate something development such as:
works, systems, processes, and technologies. Therefore, when level of readiness
is determined it helps management and stakeholders in decision making regarding
progress, capacity and technology development inside of an organization and
thereby avoid problems related to implementation and budget commitment.
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2.4 Maturity and capacity definition

Maturity and capacity is the competence to prevent the repetition of results list
through mature and consolidated processes and also the competence to manage
the development, acquisition and maintenance of products and services effectively
(CMMI, 2018).

The maturity level of the company reveals its competitive and innovation
capacity to obtain advantages in the development of differentiated products and
services. The CMMI (Capability Maturity Model Integration) establishes five levels of
maturity and capacity of a company. Each level is a predefined set of process areas,
which indicates the organization’s processes degree of maturity at a specific time
(CMMI, 2018). See Figure 2.

Level 5 - Continuous focus on process improvement
Optimized

Level 4 - Quantitatively Processes are measured and controlled
Managed

Processes are characterized for organization
Level 3 - Defined and are proactive

Processes are characterized by design and

Level 2 - Managed actions are often reactive

Level 1 - Initial Processes are unpredictable, poorly controlled
and reactive

Figure 2. CMMI Levels.
Source: Adapted from CMMI (2018).

The maturity of an organization is closely linked to the capacity of its processes.
When level of maturity and capacity is needed, a methodology is required to evaluate
processes capacity and at the same time provide a link to the organization’s strategic
objectives, by identifying priorities (CMMI, 2018). To obtain success, it is necessary
to know the current maturity stage of the organization as well as its ability to deal

with new management techniques.

2.5 Measurement readiness metrics

Readiness Levels (RL) consist of a set of metrics that allow the evaluation of
certain aspects in the organization, project or system as follows: system readiness,
technology readiness, integration readiness, manufacturing readiness, and
programmatic readiness.

For the assessment of technological readiness, the commonly used metric is
the TRL (Technology Readiness Level). This is a set of management metrics that
allows the maturity evaluation of certain technology, and a consistent comparison
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of maturity between different types of technology, in the scope of a specific system,
application and operating environment (ESA, 2008).

The technological readiness levels were stipulated to provide a common metric.
Through the knowledge of maturity of new technologies is possible to communicate
program executives, system developers and technology researchers among
individuals from different organizations (ESA, 2008).

Regarding the readiness levels, each technology project is evaluated in relation
with the parameters for each technology level, and receives a TRL classification
based on the project progress. As well as ESA, NASA also uses a TRL scale
composed by 9 readiness levels, where TRL 1 presents the scientific research at
the beginning with its results being translated into research and future development.
TRL 2 have been studied the basic principles and the practical applications can be
implemented to the initial discoveries. TRL 3 performs analytical and laboratorial
studies to confirm if a technology is feasible and / or is ready to proceed through
the development process, this is the level where a proof-of-concept model is usually
built. TRL 4, tests several components to demonstrate interoperability between each
other. The TRL 5 is a continuation of the TRL4, however, a technology identified
in 5 as a breadboard technology must perform more rigorous tests. In TRL 6 a
fully functional prototype or representational model of the technology is developed,
going to TRL 7 the technology cited will require a working model or prototype being
demonstrated in a spatial environment. TRL 8 presents the technology tested and
“qualified for flight” being ready to be implemented. Finally if the technology is proven
in-flight during a successful mission is called TRL 9.

Besides TRL, there are other tools that was developed with the purpose of
establishing readiness metric such as:

+ System Readiness Levels (SLR) quantifier to assess the system readiness
with regards to the complexity or compatibility of component integration
(Sauser et al. 2010).

+ Integration Readiness Levels (IRL) assesses the readiness of integration
between the technological elements of a system through integration maturity
level on a scale similar to TRL in order to be used in conjunction with Techno-
logy Readiness Assessments (TRA) to provide an assessment of the system
readiness level (Gove, 2007; Sauser et al., 2010).

« Manufacturing Readiness Levels (MRLs) evaluates the maturity of manufac-
turing readiness (products and manufacturing processes) or the capabilities
from potential suppliers. The quantitative measure of MRLs are used to as-
sess the maturity of a given technology, component or system by manufac-
turing perspective (Wheeler & Ulsh, 2010).

+  Programmatic Readiness Levels (PRL) assesses readiness or concerns
from program management, such as programmatic milestones documenta-
tion considered vital to successful development of technology products (Al-
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tunok & Cakmak, 2010).

31 RESEARCH METHODOLOGY

The bibliographical research presents qualitative and quantitative aspects, with
experimental disposition applied in a case study for the application of the proposed
method. For this, methodological objectives follow steps already taken and others
that will complement the research development, such as:

Bibliographic review with the application of a literature systematic review with
string research performed in the main databases;

« Study of norms and academic works of the space product warranty area
(dependability, safety assurance, software assurance, product engineering)
regarding readiness during phases of assembly, integration, and testing of
spatial products;

+ Identification of the needs of the AIT organization;
+ Identification of stakeholder requirements for AIT organization;
+ Structuring and developing of proposed evaluation method;

« Application of the method of readiness evaluation in the LIT (Laboratory of
Integration and Testing) located at INPE (National Institute for Space Re-
search).

3.1 Proposed method

The framework will consist of a methodology for assessing the readiness of
an AlT organization in a system level, to meet the requirements of its stakeholders,
ensuring that their needs are clear and comprehended before starting AlT activities.
Correlating requirements stemming from Assembly, Integration and Testing of
satellites, with stakeholders’ requirements in relation to their activities, infrastructure
and process of AIT organization applied to its product (satellite). Thus elaborate an
AIT Readiness index.

This method, presented by a framework, can be used as a reference model
and support all stages of AIT activities of a space product (engineering models,
qualification, flight model, protoflight), from the perspective of stakeholder
requirements from Assembly, Integration and Testing organizations that perform
assembly and testing of subsystems and space systems. Figure 3 shows an generic

model of the proposed method.
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Figure 3. Generic model of the proposed method.
Source: Author (2019).

The proposed method will provide the possibility to measure the level of
readiness of an AIT organization, identifying its evolution direction by applying
the criteria of excellence to be defined (similar case: the Malcolm Baldrige Prize).
Rotating around, are the vital aspects for any type of organization, for example:
leadership, strategy, customers, knowledgement, people, processes and results.
The detailed application, of the cited excellence criteria’s in pursuit of readiness, is
complex but effective.

The organization of AIT will be evaluated considering the parameters established
for each level of readiness, and then a RL (Readiness Level) rating will be given
based on the developed projects progress.

This classification shall indicate the system-level competencies that an AIT
organization needs to have or to develop to perform satellite Mount, Integrate and
Test.

The readiness levels will be established following the CMMI examples that
establish five levels of maturity. This analysis will prove the capacity that a company
can meet, referenced in Figure 2. Each level is a predefined set of process areas,
which indicates the degree of maturity of the processes at a specific phase.

For a company to succeed in the global market during phase of products and
services development, it is essential to had reached a high level of maturity by
proving its competitive and innovative capacity.

Tables 1 and 2 present a possible adaptation of the CMMI process areas to
meet the requirements of the here cited proposed method.

Table 1 shows that the process areas “Process management”’, “Project
management” and “Engineering” can be adapted to “Process readiness”,
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“Management of readiness” and “AlT readiness”, this approach will be adopted for
the other CMMI characteristics until the proposed method be achieved. Table 2
presents the possible processes to be created with their respective categories and
also the readiness levels.

CMMI-DEV PRONT-AIT process areas
Support Support
Process managemen Process readiness
Project management Management of readiness
Engineering AIT readiness

Table 1. Example of process area categories correlated between CMMI-DEV and PRONT-AIT.
Source: Author (2019).

ID Process Area Category Reidmess
evel

APO1 | Configuration Management — CM Support 2

APQ2 | Organizational Process Definition — OPD | Process readiness 3

APO3 Quantitative Assembly, Integration and AIT Readiness 4
Test Management -QAITM Management

APO4 Integrated Assembly, Integration and AIT Readiness 3
Test Process Management - IAITPM Management
Assembly Requirements Development, .

APOS | |rtegration and Testing -ARDIT AIT readiness 3
Technical Assembly, Integration and Test ;

AP065 Solution - TAITS AIT readiness 3

Table 2. Example of Process Areas, Categories and Maturity Levels of PRONT-AIT.
Source: Author (2019).
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Figure 4. PRONT-AIT Process Areas, Categories, and Readiness Levels
Source: Author (2019).

4 | RESULTS

The work is currently in its initial phase of study, when the first systematic review
data are being extracted. This review is carried out focusing on studies that deal with
model theories such as engineering, qualification, flight and protoflight, academic
standards and studies in the area of space product assurance (dependability, safety
assurance, software assurance, product engineering) as well as topics addressing

readiness, during the Assembly, Integration and Testing phases of spatial products.

51 FINAL CONSIDERATIONS

The readiness of an AIT organization to attend its stakeholders’ requirements
considering projects, such as space projects is a challenge. This is type of
organization requires excellence performance, different technologies connections in
various subsystems sizes, high-quality material and manufacturing inputs, testing,
integration, and high level of specialized workmanship, going through long cycles
of design and development. In case failure occurs, implications will be hard to deal
with. All the diverse aspects involved in this area and the factors above-mentioned
make the challenges of this work complex.
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